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METOIMYECKUE ACIIEKTbI U3B/IEYEHUA INIINIOB

N3 BUOJIOTNMYECKUX MATPUIT

Bocrpukona H.JI.,* KysnenoBa O.A., KynukoBckuii A.B.
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AHnHomayus

B pabome npedcmasneHvt Uccne008aHUSL N0 U3YHEHUIO CHNENEeHU SKCIPAUPOBAHUS CoIPO20 HUPA U3 MACHBIX CUCHIEM PA3TIUY-
Howmu memodamu. TTokasanvt cpagHumenvrvle OMaAULUS MeNO0008 IKCMPAKUUU 6 3A6UCUMOCTNU OM NONIAPHOCMU UCHOMb3Y-
emvix pacmeopumeneti. JKup usenexanu, ucnonv3ys kaaccudeckuii memood Cokcnerma, a maxsie ¢ UCNONb308AHUEM 08YXCHIY-
nenuamoti skcmpaxyuu. B kauecmee onvimmuix 06pasiy08 UCNONL306AnU CNEUUATLHO NPULOMOBTIEHHbIE MOOETbHbLE CUCHEMDL,
KOMopble BKIIOUANU 8 CeOF KAK NPOCMYI0, MAK U MHOZOKOMNOHEHIHYI0 CMeCh 8 8U0E MYKU MACOKOCIHOLL, KOCIHOU U MACO-
pacmumenvHotl. Boiaeneno umo npu ucnonv3o8aHuy HenoaAPHvIX pacmeopumeretl mepaemcs 60/bui0e KOIUHECNB0 NOAAP-
HoiX 1Unu008. I10ka3ano enusiHue pacmeopumens Ha crmeneHb IKCMPAKUUU eaunepudos, Gochamudos, c60600HbIX HUPHBIX
KUCIOM U npoodyKmos okucnenus. IIpuseden pso IKcnepumMenmos u npeocrmasiervl pe3yivmamol no crenenu 6bl0eneHUs Hupa
C NOMOUibIO CMecell OpeaHuveckux pacmeopumereti ¢ munepanvoti Kucnomoii. ITposedernvle uccied08anus no36onUU 6ol-
6pamv HaUYHWUTI Memo0 IKCMPAKUULY 0718 KAXOOTi 2PYNNbL MACHO20 U MAcocodepucauieeo culpva. ITo pesynvmamam pabomuot
npeonoxieHvl Memoouteckiue peKoMeHOAUUY No UCHONL30BAHUI0 2UOPOPOOHVIX U 2UOPOPUTLHBIX pacmeopumeneti U Ux cmeceil.
Paccmomperivt memoov: usenewenus IUnud06 U3 NUULESbIX NPOOYKIMN08 NOCTIe UeNI0UH020 U KUCTIOMH020 eudponusa. [Ipusedervl
npumepot onpedeneHUs HUpos uHcmpymenmanviuimu memooamu (pedpaxmomempuueckuil). Onucanvt Knaccuueckue memo-
Ovt onpedernenust cooepacanus scupa (memoovt Pandanna, Teuccenvmana, Pyuikosckozo).

Review paper

METHODOLOGICAL ASPECTS OF LIPID EXTRACTION FROM

BIOLOGICAL MATRICES

Natal’ya L. Vostrikova,* Oksana A. Kuznetsova, Andrey V. Kulikovskii
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: fat, determination of fat, extraction, solvent

Abstract

The paper presents the studies on the degree of raw fat extraction from meat systems by various methods. Relative differences in
extraction methods are shown depending on the polarity of solvents used. Fat was extracted using the classical Soxhlet method, as
well as two-step extraction. Specially prepared model systems were used as test samples including both simple and multicomponent
mixtures in the form of meat-and-bone meal, bone meal, and meat-and-plant meal. It was found that when using non-polar sol-
vents, a large amount of polar lipids was lost. The influence of the solvent on the degree of extraction for glycerides, phosphatides,
free fatty acids and oxidation products was shown. A number of experiments are presented and the results are given on the degree
of fat extraction using mixtures of organic solvents with mineral acid. The studies allowed to choose the best extraction method for
each type of meat and meat-containing raw materials. Based on the results, methodical recommendations are proposed on the use
of hydrophobic and hydrophilic solvents and their mixtures. Methods of lipid extraction from food products after alkaline and acid
hydrolysis are considered. Examples of fat determination by instrumental methods (refractometry) are given. Classical methods for

fat content evaluation are described (Randall method, Twisselmann method, and Rushkovsky method).

BBenenne

JInnupgamu (0T rped. lipos — >k1p) Ha3bIBAIOT C/IOXK-
HYI0 CMeChb OPraHMYeCKUX COe[UMHEHMII C ONM3KUMU
(bU3NKO-XVMMYECKMMI CBOJICTBAMU, KOTOpas Cofep-
JKUTCS B PACTEHMUSAX, XMBOTHBIX ¥ MUKPOOPTaHM3Max.
JInnupl LIMPOKO pacIpOCTPaHEHBI B IPUPOJiE M BMECTe
¢ 6enKaMM U YI/IeBOJAMU COCTAB/IAIT OCHOBHYIO MacCy
OpraHNYeCKNX BeleCTB BCEX >KMBBIX OPraHM3MOB, SB-
NAACh 0053aTeNbHBIM KOMIIOHEHTOM KaXKHOM KJIeTKI.

OHM IVPOKO MCIONIB3YIOTCA HPU IOMYyYEeHUN MHOTUX
HIPOAYKTOB NMUTAHNA, ABIAITCA BaXKHBIMU KOMIIOHEH-
TaMJ TNUIIEBOTO CBIPbs, MOAYPabpUKaToB U TOTOBBIX
NUIEeBBIX IPOJYKTOB, BO MHOTOM OIIpefe/ss UX Muie-
BYIO 11 OMOIOTMYECKYIO IOTTHOIIEHHOCTD 1 BKYCOBBIE Ka-
yecTBa [1,2].

JInnupel He pacTBOPUMBI B Bofie (ruapodoOHBI), XOpO-
III0 PACTBOPUMBI B OpraHMYeCKIUX pacTBOpUTeNAx (beHsn-
He, ANITUIOBOM 3dupe, x1opodopMe 1 Jip.).

AN LUTUPOBAHUA: BocTtpukosa H.A., KyaHeuoBa 0.A., KyaukoBckuin A.B. MeTtoauueckue acneKkrbl U3BA€UEHUA AUMUAOB U BUOAOrMUECKUX MaTpuUL.
Teopus u npakTuka nepepabortku msca. 2018; 3(2): 4-21. DOI 10.21323/2414-438X-2018-3-2-4-21

FOR CITATION:

Vostrikova N.L., Kuznetsova 0.A., Kulikovskii A.V. Methodological aspects of lipid extraction from biological matrices. Theory and

practice of meat processing. 2018; 3(2): 4-21. (In Russ.). DOl 10.21323/2414-438X-2018-3-2-4-21
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B pacTeHMsIX TUI/BI HAKATUIMBAIOTCS TIABHBIM 00pa-
30M, B ceMeHax u 1iofax. Hioke nmpuseieHo copiep>kaHue
o (%) B pasHBIX Ky/IbTypax: apaxuc (agpo) —
50-68; kakao (606b1) — 49-57; nmogconHedyHnk — 30-58;
cos (cemena) — 15-25; Kykypysa — 5,6; rpeunxa — 3,8;
puc — 2,9; nmenuna — 2,7.

Y KMBOTHBIX ¥ pbI6 JIUOUBI KOHIEHTPUPYIOTCS
B TIOIKO>KHBIX, MO3TOBON 1 HEPBHBIX TKAHAX U TKAHSX,
OKPY>KAIOIMX Ba)KHble OpraHbl (ceppue, mouknu). Co-
fiep)KaHye JTUNNMAOB B TYIIKe PbIOBI (OCETPOB) MOXKET
pocturath 20-25%, cembpu — 10%; y Tym Ha3eMHBIX
JKMBOTHBIX OHO CHMJIbHO Kosebnercsa: 33% (cBuHMHA),
9,8 % (roBsimuua), 3,0 % (mopocsra). B monoke onenst —
17-18 %, x03b1 — 5,0 %, KopoBbl — 3,5-4,0 %. Copnepka-
HUe JIMOUIOB B OTJEIbHBIX BUAAX MUKPOOPraHM3MOB
MoKeT mocTuratb 60 % [3].

ITo XMMIYECKOMY CTPOEHVIO TUIINIbI SB/IIOTCS IPON3-
BOJHBIMU )XVPHBIX KUC/IOT, CIIUPTOB, a/IbIETU OB, IIOCTPO-
€HHBIX IIPY [TOMOILY CTIOKHO3PUPHOIL, IPOCTOI 3pmpHOI,
dbocdhoadupHroit, rMMKO3UAHON CBsA3eit. JIUOUABl [emsT
Ha JIBe OCHOBHBIE IPYIIIbL: IPOCTbIE ¥ CIOKHBIE JINIIVIbL.
K mpocTbIM HelfTpanibHbIM UM (He CofiepKallyiM aTo-
MOB a30Ta, (ochopa, cepbl) OTHOCAT IIPOU3BOIHBIE BbIC-
VX YKVPHBIX KUCTIOT U1 CIIMPTOB, IINLIEPUAIBL, BOCKY, 9U-
Pbl XO/IeCTepyHa, IMMKOMENTUAbl U APYyrue COeIVHEHVIS.
MorsieKy bl CTIOXKHBIX JIMIINO0B COflePXKaT B CBOEM COCTaBe
He TO/IbKO OCTAaTKM BBICOKOMOJIEKY/ISIPHBIX KapOOHOBBIX
KICTIOT, HO ¥ $OCHOPHYIO MV CEPHYIO KIC/IOTHL.

JIunuppl — BakKHbIe VHTPEAVIEHTHI MUIIM 4YelloBeKa,
TaK KakK 00/Ia[Jal0T BBICOKOI 9HEPreTUYECKOIl [IeHHOCTHIO
U SIBJISIIOTCS ICTOYHMKOM IUIACTUYECKOTO MaTepuana s
TKaHeil opraHusma. OTe/bHble KOMIIOHEHTBI JKMpa —
HEKOTOpble >KMPHbIe KUCTOTHI, (GochaTuabl, CTepoIbl,
JKMPOPACTBOPVMBIE BUTAMMHBI — BBIIIOTHSIOT Ba)KHBIE
6uonorndeckre GpyHKIuM B opranmsme. JIunuasl — Be-
I[eCTBa PACTUTENBHOTO ¥ XMBOTHOTO HPOMCXOXKAEHMS,
pacTBOpUMbIE B OPraHMYECKMX PACTBOPUTENAX M MAIo-
pacTBOpUMbIe B BOJie, COflepyKalllyie B MOJIEKY/Ie BBICIIIE
QJIKV/IbHBIE VIV ALIM/IbHBIE PaJjVIKaIbl.

[Ipy KOMUYECTBEHHOM OIIpefeNeHnN TUIU0B B JC-
clieflyeMOM O0BbeKTe MpefyCMaTpUBAeTCsl M3B/IeUeHNe U3
HEro IIMLEPUIOB M CONMYTCTBYIOUIMX MM BellecTB (mur-
MEHTOB, BUTAMIHOB, CBOOOHBIX YXMPHBIX KUCTIOT, oc-
datupos u ap.) [4,5].

CyuiecTByolIie METOAbl OIpefe/ieHNsI COfepXKaHms
KMpa B PasNIMYHBIX BUAX CBIPbs M IPOJAYKTOB MOXKHO
YCTIOBHO TIOJIpasfie/INTh Ha iBe TPYIIIBI — OfHOCTYIIeHYa-
ThIe U1 BYXCTyIEHYATBbIe.

OnHOCTyIeHYaTble METObl, OCHOBAHHBIE Ha MCIIOJIb-
30BaHUM Y/IbTPA3BYyKa, AAE€PHO-MAaHUTHOTO PE30HAHCA,
dboToMeTpun U MHPPAKPACHBIX JTydeil, TO3BOJIAIOT IPO-
BOJUTb KOMMYECTBEHHOE OIpefie/ieHNne Kupa Hermocpe-
CTBEHHO B McclaefyeMoM o6bekTe. OfHAKO Ui 3TOTO
TpeOyeTcsi C/IOKHOe M JOpOrocrosiiiee 060pyZOBaHue,
a IpUMeHeHNe HeKOTOPBIX M3 HuX (Hampumep, MeTOJ
SlePHO-MarHUTHOTO Pe30HaHCa) PEKOMEHJyeTCsl B CIIy-

Yae HEBO3MOXKHOCTM MCIIONB30BAHMUS KAaKOro-mnbo py-
rOr0 MeTOfia JU/Is YCTAHOBJIEHVS KONIMYeCTBA OIpesierisie-
MOTO Bell[eCTBa B 00BEKTe.

BonbIIMHCTBO (USUKO-XMMUYECKUX METOHOB (9KC-
TPaKLMOHHO-BECOBBIe, pedpaKTOMeTpudecKue u [p.),
HOpPUMEHSEeMbIX [/IsI KOMMYECTBEHHOTO  OIpefeIeHIs
JKMPa, OTHOCATCA KO BTOPOII rpyriie. XapaKT€PHOM 0CO-
OEHHOCTDIO UX ABJIAETCA ABYXCTYNEHYATOCTb — M3BJIe-
JeHMe XX1pa 13 00beKTa U KOIMYeCTBEHHOE OIpefie/ieHIe
ero. [lya M3B/IeYEHN >KMPa VCIIONb3YIOTCA Pa3IMYHbIC
OpraHmyYecKue pacTBOPUTEeNM — OEH3NH, HeTPOJIeHbIN
adup, cepusiit a¢up, aneToH, X10poPopM, MOHOOPOM-
u MOHOX/IOpHadTanuH, Tpukpesunopropochar u ap.
CrnenyeT MMeTb B BUAY, 4TO I'MAPOQOOHBIE pacTBOpUTE-
i (meTposeitHbiil a¢up, OeH3UH U fIp.) U3BJIEKAIOT BMe-
CTe C IIMIepUAAMI HECKOIBKO MEHbIIe COIYTCTBYIOLINX
uM BeecTs. [IpudeM Bbifie/IeHNe VX TIPOVICXOIUT CeTIeK-
TUBHO. Bosee OBICTPO M3BNIEKAIOTCS INMLEPUADL, U Mef-
nenHee — dQocdarnapl, cBOOOIHDBIE >KMPHbIE KUCTOTHI
U TIPORYKTBI OKUC/IeHUA. B cBA3Y ¢ 3TuM, pu mpumeHe-
HUM TUAPOGOOHOrO pacTBOPUTEISI MPOLIECC U3BIEYEHIS
JKMpa MPOXOIUT JIUTENBHO 1O 2...3 ¢yT. [Ind ycKopeHusA
u 60stee TOTTHOTO BBIJE/EHNUS ITIMLEPUOB U COMYTCTBY-
IOIIMX UM BEIIeCTB U3 aHAM3MPYeMOro 0ObeKTa PeKo-
MEH/IyeTCs VICIIO/Ib30BaTh IMAPOMIIbHbIE PACTBOPUTEN
(MEeTMIOBBIN, STUIOBBII SPUPHI U AP.) WIN CMeCh TUPO-
¢$boOHBIX M THAPODUIBHBIX pacTBOpuTenell (OuMHapHbIe
pactBoputenn) [6,7,8,9].

MeTtopmonorns

Ha npakTuke 1151 BbIJie/leHVsI IMIIVIOB Yalile BCEro Jc-
HO/IB3YIOT [IBa OCHOBHBIX PYTUHHBIX METOJA SKCTPAKIINNA,
MO3BOISIOIMX KONMMYECTBEHHO M3BJIEKATh UMM IIpa-
KTUYECKN BCEX K/IACCOB M3 CaMOil TKaHU U ee (paKIuil.
Hawubonee pacripoctpaneHHbIM siBiisieTcst Metop, Pomya,
COIVIACHO KOTOPOMY 9KCTPAKI[MIO IPOBOJSAT CMECBIO XJIO-
podopm-metaHo (2:1) n3 pacyera 20 JacTell SKCTpArnpy-
IOLIlell CMeCH Ha OJHY YacTbh TKaHU. ITOT METO [TO3BOJIS-
eT MOTYYUTh JOCTATOYHO BBICOKMII BBIXOJ] HEMTPATbHBIX
MUNUEOB, AuanmirannepodocdomunmuioB u chuHromm-
muyoB. JInsopochonunuapl nepexopAr B pacTBOP JIMIIb
JaCTUYHO, a 0ojiee MOJAPHBIE KUCTIblEe JIAIUBI MOTYT
TEPATbCS NPY IPOMBIBKE 9KCTPAKTa PacTBOPAaMU COJIei
u Bopoit. OJfHAKO TIpM MOBTOPHBIX SKCTPAKLMAX U Orpa-
HUYEHNM TPOMBIBOK BBIXOJl TMIIMIOB MOXXHO HOBBICUTD
[0 KONMMYEeCTBEHHOTO. [Ipyroit MeTop npemioxxen brarem
u JlaiiepoM, KOTZIa SKCTPAKINIO ININAOB OCYIeCTBISIOT
cMechio xmopodopmM-metaHon (1:1) u3 pacyera iBe 4acTu
cMecy Ha OffHY 4acTb TKaHu. OfHAaKO 1 B 9TOM CiIy4ae Ipu
IIPOMBIBKe BOZIOI1 Hanbosiee mosipHble Kucnble pocdomu-
bl 1 u30POoCHONMUNNAbl IEPEXORsT B BOAHYIO a3y
U TEPSIIOTCSL.

B 3aBMCUMOCTM OT XMMMYECKOJ IPUPOAbI IUMNLOB
VICIIO/IB3YIOT MOAUQUIMPOBAHHBIE METONbI M3BI€YEHMS.
3aMeHUB cMeCh XIOpOOPM-METaHOT Ha CMECh X/IOpO-
¢dbopma ¢ 2 %-HbIM pacTBOPOM YKCYCHOJT KIC/TOTHI B MeTa-



THEORY AND PRACTICE OF MEAT PROCESSING N22 | 2018

HOJIe, MO>KHO TIOBBICUTD BBIXOJ, TO/LAPHBIX TUINAOB. Brio-
CIeICTBUM LA 3TUX XKe Lie/lell ObUIa IPYMEeHeHa CMech
xnopodopm-meranon ¢ IM HCI (4:2:3) [10,11].

I[Tpy 9KCTpaKIMU HEMTPaTbHBIX M OOIIMX TUINIOB Ya-
CTO MCIONb3YIOT HENOJIAPHbIE PACTBOPUTENN, TaKMe, KaK
x10podopM, rekcaH, AMITWIOBBI a¢up. EcTecTBeHHO,
4TO IPY STOM TepseTCs 6OMbIIOe KOMMYECTBO ITOIAPHBIX
NUIINJIOB.

Il 6oree MOHOTO MOHMMAHMS METOJO/IOTUI U3BJIe-
YeHNA TUIN0B ()KMPOB) U3 CBIPbS ¥ TOTOBOJ IPOAYKIUN
paccMOTpUM IlepedeHb METONOB Yallle BCETO JICIIONb3Yye-
MBIIT, KOTOPBII IPUBEMIEH HIDKE.

Mertop Tep6epa 1CIIONB3YIOT IPK ONpeReTeHNN XIpa
B nonydabpukarax n3 msaca (MsAcHOM ¢apu, monyda-
OpUKaThl 13 KOT/IETHOJ MAacchl), TBOPOTa, B KY/IMHAPHBIX
U3JENNAX, MYYHBIX KOHJUTEPCKUX W3JENNAX, MOJIOKa
U MOJIOYHBIX IPOAIYKTaX, CYXUX IIPOJSYKTOB [E€TCKOTO
U IMeTUIEeCKOTO MUTAHMA.

MeToz OCHOBaH Ha pa3pylIeHNN O€IKOB VICCTIEyeMOro
MIpOAyKTa KOHLIEHTPMPOBaHHOI CEPHOI KUCIOTON U pac-
TBOPEHUM XVpa B M30aMMUIoBoM crmpTte. O6pasyommii-
€Sl B peaKly M30aMU/IOBOTO CIIMPTA C CEPHOI KUCIOTOI
CTIOKHBIN 3QUP PAaCTBOPSETCA B Heil, YTO CIIOCOOCTBYeT
BbIfIe/IeHMIO JX1pa. [TomydeHHYI0 cMech LIeHTpUPYTUPYIOT
B Xupomepax (6ytupomerpax). OTnenMBIINIICA XUPO-
BOIJI CJI0J1 COOMpaeTCs B TpaypOBAaHHOI JaCTH XXIPOMe-
Pa U €ro oNpefeNAT KOMNIeCTBEHHO.

Omnpepnenenne >xupa IPOBOAAT B MOTOYHBIX VIIN CIIN-
BOYHBIX >KMPOMEPAX, OTIMNYAIIIMXCA PasMepOM U TIpa-
nynpoBkoil. O6bEM [lelleHNsA B MOJIOYHBIX >KMpOMepax
paBeH 0,1%. B c/mBOYHBIX XMpoMepax 0OBEM ABYX fe-
JIEHMI COOTBETCTBYeT 1% >X1pa B IPOAYKTe IIPM HaBeCKe
5 I. VIX ncnonpsyoT, ecm cofiepKaHue XXupa B IPOSyKTe
npesbimaet 10 %.

BecoBoii mnm rpaBMMeTpUYECKNIT METOJ, C 9KCTPaK-
Lyell )Xupa B MUKpousMebuuTesne. MeTox UCIoNb3yeTcs
I/ Ky/TMHAPHBIX U3JeINIl ¥ HEKOTOPOIl PO YKIIMY KOH-
CEepBHOII IPOMBIILTIEHHOCTH. JKIp M3BIEKAIOT U3 IPOIYK-
Ta IPY U3METbYEHUN TTOCTIENHEr0 B MUKPOM3MEIbYMUTEIE.
ITocne oTroHa pacTBOPUTENA BHICYLIEHHBIN KUP B3BEILN-
Bator [12,13,14].

PedpakToMeTpudecknii METOR IPUMEHSIOT IJIsI OII-
peleNieHNst >Kupa B MYYHBIX KY/IMHApHBIX, CIOOHBIX Oy-
JIOYHBIX U1 MyYHBIX KOHAUTEPCKUX MonydabpukaTax u ns-
JieVsIX, OBOLIHBIX ITOy(abprKaTax, KOHCEPBUPOBAHHBIX
IPOAYKTaX.

MeTop ocHOBaH Ha TOM, YTO IIPM PAcTBOPEHNUM XKMpa
K09 GULIVEHT IpeTOM/IeHsI PACTBOPUTE/IS OHIDKAETCS
MIPONOPIMIOHATIbHO KOJIMYECTBY IPUCYTCTBYIOIIEr0 XKIpa.
ITo pasHOCTU MeX[Y KOO PUIMEHTOM IPeIOM/IEHNS YN~
CTOTO PAacTBOPUTENA U PACTBOPA KMPa OIPeeNA0T Mac-
COBYIO JOMI0 TOCIefHero. Uem Oorbliie pasHMUIA MEXIY
aTMU K03 dUIeHTaMu, TeM TOUHee ompefeneHue [15].

Merop, ompepeneHMA XHUpa C NpelBapUTETbHBIM
TUPOIN30M KpaxMasa JCIOJb3YIT IIPU OIpefe/leHnn
Xupa B monydabpukaTax U3 MyKu, OyJIOYHBIX M MYYHBIX

kougutepckux usmenusx (TOCT 31902-2012). OH ocHO-
BaH HA M3BJICYEHUM XKMpa PAacCTBOPUTENEM U3 HABeCKH,
06paboTaHHOII ITpeiBAPUTEIbHO COAHOI KUCTIOTOI, yaa-
JIEHUU pacTBOPUTENS 11 B3BELIMBaHUY XIUPa.

[/ Ka4eCTBEHHOTO OIpefie/IeHNA Macey CyILIeCTBYIOT
C/IefyIolIye XapaKTepHble PeaKIINIL.

IIpoba na axkponeun. [Ipe — Tpu KaIIi UCIIBITYeMOTO
BelllecTBa (Mac/o, SKCTPAKT IOCTIe OTTOHKYM PacTBOPU-
Te/Is) HarPEBAKT B MPOOUPKe Ha TOJIOM OrHe ¢ 1,5-2 4a-
cTaamu 6e3BopHOrO cynbdara HaTpus. [losiBeHue mocie
BCIICHVBAHMS TSDKEIBIX O€IBIX IAapOB M Pe3KOro, 4ajis-
IIeTO 3allaxa aKpOJIEVHA, BBI3BIBAIOLIETO C/Ie30TeYeHIIe,
yKas3blBaeT Ha Hajauuue Macaa. AKpoJenH — Hellpesienb-
upui anpperny CH,=CHCHO — obpasyercst U3 Inlie-
p¥HA IpM OTIIEIVIEHNM ABYX MOJIEKYI BoAbl. Eciy mapsr
OTBECTU B IPOOUPKY ¢ PYKCMHCEPHUCTOI KVUCIOTOM, TO
HOCTIefHAA IPUoOpeTaeT KPaCHYI OKPACKY.

IIpoba na omvinenue. Harpeparor 2—-3 Kamm MCIbITYye-
MOTO BellleCTBa B IpoOupKe ¢ 5 cM® pacTBOpa CIMPTOBOI
mie/1ouy; OTroHAIT cnyuptT. OcTaBmIMIICA NMPOJYKT pac-
TBOPSIIOT B BOfie (MBITIO B BOfie pacTBOpUMO). [Ipubasre-
HYle KUC/IOTHI /IO KIC/IOV peakI[uy BbI3bIBaeT 0Opa3oBa-
HIe BCIUIBIBAIOIIMX HA IIOBEPXHOCTb BOJHOTLO PacTBOpa
JKUPHBIX KUCTIOT.

IIpoba ¢ eanoudamu. Dta peakuys sBIAETCA Xapak-
TEPHOI /IS Macesl, COfepKalluX HeIpefielIbHbIe >KUp-
Hble KUCTOTBL. B pobupky ¢ pacTBopoM Macna B aupe
npubaBIAT 1-2 Karm GPOMHOIT BOZBL I BCTPAXMBAIOT.
BrIcTpoe ncye3HOBEHMe XKeNTOl OKPacKu 6pOMHOI BOIbI
yKa3bIBaeT Ha IIPUCYTCTBYE HEHACHIIEHHBIX KUCTIOT [16].

TexHuka >KMAKOCTHONM 3KCTPAKIMM JICIONb3yeTCs,
HaIpuMep, [iIsl ONpefeNeHus COIEep>KaHUs JKIMpa B pas-
JIMYHBIX 00BbeKTax. DKcTpakiyA mo COKC/IeTy ABIAETCA
OJIHOJ1 M3 CaMbIX HIMPOKO PacHPOCTPaHEHHBIX aHATUTH-
YeCKNX TeXHUK. 3a ITOC/IeHIe TOAbI OHA Obl/Ia 3HAYNTE/Ib-
HO MOJIEPHM3MPOBAHA, B YACTHOCTH, YAANIOCh YBENNINTD
TeMIIepPaTypy PacTBOPUTE/A, BCTYMNAIOIETO B KOHTAKT
C M3B/IEKaeMBIM BeIlleCTBOM, C I[eIbI0 YMEHBIINUTD BpeMs
9KCTpakiuy. Moaudukanuy, NpefcTaBIeHHbIe aMepy-
KAaHCKIM XVMMUKOM O. PaHfianIoM, ABIAOTCA OfHUMY U3
caMbIX 3P PEeKTUBHBIX B 9TOM OTHOLICHNN:

Mertop Panpamna: MeTO COCTONT 13 [IBYX STAIOB: Ha
HepBOM 9Tare obpasell B I'M/Ib3e IOMEIIAeTCA B KUILAII
pacTBOpUTEIb, @ HA BTOPOM IIPOMBIBAeTCSI PacTBOPUTe-
7ieM, KalalolleM ¢ KOH/leHcaTopa. bricTpoe pacTBopeHue
KOMIIOHEHTOB 00paslia IPOMUCXOAUT Ha IIEPBOM 3Tarle
MOCPEICTBOM KUIIALIETO PacTBOPUTE/IA, YTO 3HAYUTEIIb-
HO COKpalllaeT BpeMs, HeoOXO[MMOe JI/I BCETO aHajIN3a.
MeTtopmuka Panmania Tak)ke IT03BOJIAET BOCCTAHOBUTD MC-
HO/Tb30BAHHBII PaCTBOPUTENTb B KOHIIE IIPOLIEAYPHI 9KC-
TPAKLINN.

Ikcrpakuusa nmo CoKclaeTy — 3TO Ipolecc u3Bie-
YeHNSA PACTBOPMMBIX BeIeCTB U3 TBEP[bIX MaTepyuasos,
KOTOpBINl ObII pa3pabOTaH HEMELKUM arpoXMMUKOM
®pannem ¢on Coxcnerom B 1879 roxy. Meron Cokcre-
Ta: PAaCTBOPEHNE U3B/IEKAEMOT0 COeNVHEHNS IPOUCXOANT
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C TIOMOILBIO XOJIOJHOTO PAacTBOPUTENsS, Kalalolero U3
KoHeHcaTopa. OOBIYHO ITOTHAS SKCTPAKLMS JUINTCA Ya-
camu [13,14].

O6cyxnenne

BonbIIMHCTBO METOZIOB OIpefieNieH s MUINUO0B B IN-
IIeBBIX IPOAYKTAX MO>KHO Pa3[e/NTh Ha TPU TPYIIIIHL.

Metopbl IepBOIl I'PYIIBI OCHOBAHBI HA M3BJICYEHUN
JTUINJIOB U3 OIpefenseMoro IMpoAyKTa IyTeM MHOTO-
KPaTHOTO 3KCTPAarrpoOBaHUA PaCTBOPUTEIEM JIO TeX IOp,
IIOKa OCTAaTOYHOE COfep)KaHUe UX B IPOAYKTe He OyneT
IpPEefICTAB/IATh HUYTOXHO MAIYI0 BEINMYMHY. 3aTeM U3
MOTyYEeHHON BBITS)KKM OTTOHAIOT PacTBOPUTENDb, A OCTA-
TOK, COflep>KallMil VIV, BBICYIIVBAIOT U B3BeIllNBa-
10T (BECOBOII METOJ OIIpefie/IeH s >KMpa). DTy OIlepaIiio
00BIYHO MPOBOJAT B CHEL[MATbHBIX allapaTax Jyid JKC-
Tpakuyy — anmnaparax CoKciera, JaoliX BO3MOXHOCTb
OJIHOJT U TOVI >Ke mopIyeit 3adupa MHOrOKPATHO IIPOU3BO-
IUTDH V3B/IeYeHMe >Kupa. I sKCTpaKIMM MCIONIb3YIOT
HEIO/IAPHbIE PaCTBOPUTENN: AUSTUIOBBI 3QUp, TeKCaH,
HeTPOJIeVHbII 3up.

PasHoo6pa3Has Nmpupopa MUIEBbIX IPOAYKTOB, 06-
YCIIOBNIMBAIONIAS Pa3NMYHYI0 IPOYHOCTD CBA3Y TUINJIOB
C APYTMMM YacTSAMU IPOAYKTA, OKAa3bIBaeT BIUSHME Ha
3G eKTUBHOCTb 9KCTpaKuyMuU. MeTOAbl 3TON TPYIIIbI
MO3BOJIAIOT M3B/IeYb U3 IUINEBBIX IPOLYKTOB CBOOOJ-
Hble 1 crmabocopbupoBanHble aUNuAbL. IIpodHOo CBS-
3aHHbIE IMINUIBI IPY 3TOM He 3KcTparupyorcia. Kpome
TOTO, )XVPOBbIE PACTBOPUTENN SKCTPATUPYIOT HEe TOTBKO
IIMLEPUABL KUPHBIX KNUCTOT, HO U LIeNblil PAJ APYIUX
BeIeCTB: CBOOOHBIE XUPHbIE KUCIOTBI, OpraHNYecKye
KIC/IOTBI, TaKMe KaK sHTapHasd, BUHHAA, JIMMOHHAs,
s6nouHas; GpochaTupl, CTepuHBL, 3QUpHBIE MacIa, BOC-
KOOOpasHble BeIeCTBA, CMOJbI, ANbJEIVAbl, KETOHBI,
Kpacslue BelllecTBa. BBUAYy 3TOro IMpoOAyKT, M3B/IEKae-
MBIil PaCTBOPUTE/IAMH, He IIPeCTaB/IAeT COOOI YMCThII
KNP, TIOYEMY U Ha3bIBAETCA «CHIPBIM». JacTo pasHuIeNn
MEeX/[y MaccOil «CBIpOro» M COOCTBEHHO >KMpa IpeHe-
6perator. KonmnyecTBo mpumMeceil B «CBIPOM» XXUpe yBe-
JINYMBACTCH, €C/IM NIPYMEHAETCS HeoOe3BOXKEeHHBII cep-
HBIT 9¢uUp, pacTBOpsIOWNIL A0 2% BIAru, Takon spup
JIETKO M3BJIEKaeT caXapa, CofepKallyecsi B MHUIEBOM
cbIpbe (OBOIIAX, Kpymax u T.A.). CIupT, comepkaniics
B CEpHOM 3(upe, XOPOILIO PacCTBOPSAET MHOTVE OpTaHM-
JecKue coefiiHeHMs. BBUy aToro cepHblit adup, npume-
HAEMBIN /IS M3BJI€YEeHNUA XUPA, IPeIBAPUTEIbHO IIPO-
MBIBAIOT BOJION JJIA YAQ/TIE€HNS CIUPTA ¥ 00€3BOXXIMBAIOT
IPOKAJICHHBIM XJIOPYICTBIM KaJbl[yieM; IOC/Ie YAaTeHus
npuMeceit 3pup IeperoHIOT.

[l1a yckopeHMs 9KCTPAaKLMU U MONTHOTO M3BIEeYEeHN
JKUpPa MCCIeNyeMBblil MPOAYKT TIIATE/NbHO M3ME/IbYaioT
U MOACYNIMBAIOT, TAK KaK YeM KpyIIHee J B/IaKHee Ya-
CTUIIBL, TEM MeJlJICHHee M3BJIeKaeTCs XIP; KpOMe TOTO, U3
BJIKHBIX 0O'bEKTOB >KUP IIOJTHOCTBIO He 9KCTPATUpPyeTCs.

B cBs3M ¢ aTuM, a Tak)Ke BBUJY 3HAYMTETbHOTO OKIIC-
JIeHVS1 IMINOB B IIPOLiecce BbIIe/NTeHNs, ObIIN IIpeaIIpu-

HATBL TIOMCKU ApYrux, 6onee 3¢dekTuBHBIX croco60B
SKCTPAKIVIL.

MeTopbl BTOpOU IPYNIBI OCHOBAHBI HAa VCIOIb30Ba-
HUM /I 9KCTPAKLIMU CMeCU IOJIAPHOTO U HEHOIAPHO-
ro pacrsoputeneil. IIpy 3ToM NONAPHBI PAaCTBOPUTEIID
(0OBIYHO METAHOJ MV 3TAHOI) PAa3pbIBAET CBA3D ININ0B
¢ 6e/IKaMu 1 [PyruMM KOMIIOHEHTaMM IUIIEeBBIX IIPOAYK-
TOB, @ HENO/IAPHBI (X710podopM, O6eH3071, eTPOIeIHBII
3¢up) HEIOCPEACTBEHHO pacTBopseT mumuasl. Hanbosmb-
IIee pUMeHeHMe MOMYYIN CMeCH: XTIOpO(pOpM-MeTaHOT
(2:1) n xnopodopm-atanon (2:1). OpHako B OoT/IMYME OT
MeTOJOB IIePBOJI TPYIIIIbI, TaKue OMHAPHbIE CMeCH U3BJIIe-
KalOT JOTIOJTHUTE/IbHO 3HAYNTENbHOE KONNYeCTBO HeTUIIN -
0B (10 25 % CyMMBI 9KCTparupyeMbIx Bemects). [Toatomy
BO MHOTUX C/Ty4asX MOABMIACH HEOOXOAMMOCTD Y/ja/leHIA
3TUX BeleCTB ITyTeM IepepacTBOpPeHNus B XIopodopme
wy IpoMbIBKY 1 %-HbiM pactBopoM NaCl mnu KCL

MeTopbl TpeTheli IPYIIIBI IPeyCMaTpUBAIOT U3BJIeYe-
HIe IMNNJOB 13 NUIIEeBbIX IPOAYKTOB IOC/Ie KUCTIOTHOTO
VIN IIEJIOYHOTO TUApOM3a. [Ijid 3Toro mmieBoil mpo-
AYKT IMAPOMU3YIOT BOAHBIM M/IV COVPTOBBIM PacTBOPOM
1jesIouy Ipy HarpeaHuu. ITocie 1je/IOYHOrO rUpponu3sa
HO/Ty4YeHHBIe MbIIa Pa3/IaraloT pacTBOPOM KIC/IOTBI, @ BbI-
JleTMBIINECS JKMPHbIE KUCTOTBI M3BIEKAIOTCSA 3PUpOM
(eTpOsIeiTHBIM, JUSTUIOBBIM) 1 OCBOOOXK/IAIOTCS OT TIPK-
Meceit punpTpoBanueM. [loce otrona adupa, onpepnens-
10T MacCy KVMPHBIX KUCIOT, KOTOPBI/ IepeCcYNTHIBAIOT Ha
JKUP. YKa3aHHBIM METOZIOM BBIJEIUTH JIAIUABI B HATVB-
HOM COCTOSTHMM TeOPeTUYeCK) HeBO3MOXKHO. [ToaToMy 06
UX COIEpXKaHMM B NMIIEBBIX IPOAYKTAX CYAAT IO KOJN-
YeCTBY >KMPHBIX KUCTIOT U HEOMBUIAEMBIX BeIl[eCTB, BbIJle-
NsAeMbIX U3 rupponusara. K aToil rpymme MeTofoB OTHO-
CUTCS KMC/TOTHBII MeTOJ], OIIpefie/IeHIsI KIpPa C IIOMOIIbIO
XKMpOMepa B MOJIOKe, MOJIOYHBIX IIPOIYKTaX ¥ KOHCEpPBax.
JKup BbIendoT meiicTBUMEM KOHIIEHTPUPOBAHHON cep-
HOJ! KIIC/IOTBI Ipy HarpeBaHuM. CMech LeHTpUYTUPYIOT.
I[Tpu aToM >xup nepexoant B Gpasy f06aB/IAEMOro M30aMM-
nosoro cimpTa. O6'beM BbIJENMMBIIETOCSA JKIPA U3MEPSIOT
B I'PaJlyipOBOYHOII 4aCTV )KMPOMepa.

Metoppl TIepBOIl TPYNIIBI He PEKOMEHAYIOTCA I
VICCTIEIOBAaHMs IIPOAYKTOB, OoraTeix Qocdommmpamn,
IPOYHOCBA3AHHBIMM B KJIeTKaX (HEKOTOpble BUJIbBI PbIO),
HO TIPUTOJHBI /I IPOAYKTOB, C Ipeob/IaaloiM cofiep-
KaHVeM TPUTTINLIEPUIOB — MAC/INYHBIX CEMSH.

MeTopbI BTOPOJI IPYIIIIBI IPAKTUYECKM BO BCE CTydasix
HO3BOJIAIIOT HOJMYYNUTh HAfIeKHblE KOMMYECTBEHHbIE pe-
3y/IbTAaThl, HO OHVM OTHOCUTETBHO TPYJAOEMKI I He BCeraa
IPUTOHBI /L1 MACCOBBIX aHA/IM30B.

IIprMeHeHMEe METONOB TpeTbeil IPYyIIbl, XOTA U He
HIPUBOAVT K U3BJIEY€HNIO HATYPa/IbHBIX ININJOB, B 00/Ib-
IIMHCTBE C/Iy4aeB IIO3BOJIAET IIONyYaTb pe3y/IbTaThl,
O1M3KO COBIIAJAIONIVE C pe3yIbTaTaMy, IONTydaeMbIMU
MeTOZaMU BTOPOII IPyIIbL. VIX MpenMyIiecTBo — B BO3-
MO>XHOCTH IIPOBeJIeHNsI MacCOBBIX aHa/MM30B [17,18].

Omnpepenenne >KMpa HeNpPepbIBHOM 3KCTpaKimenn
(mo Coxkcrery). JKup 9KCTparupyoT U3 KCCIELyeMOro
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IpOAyKTa cCepHBbIM 3¢upoM B anmnapare COKCIeTa, COCTO-
ALIETO 13 SKCTPAKTOPa ¢ CUOHHOI TPYOKOIT, IapUKOBO-
ro 06paTHOTrO XONOAVIIbHYIKA 1 TIpYeMHOI Konobl. Hase-
CKY TIIATe/TbHO M3ME/TbYeHHOTO IIPORYKTa B KOMMYIECTBE
5-10 r (B 3aBMCHMOCTH OT IPEAIIONATaeMOTO COfleP>KaHMIA
XKUpa B IPOAYKTE) OTBEIMIMBAIOT C TOYHOCTBIO 10 0,0001 T
B maTpoH 13 ¢uiabTpoBanbHoil Oymaru. Ilepen skcTpak-
Iyieil B3ATYI0 HaBeCKY IIPOAYKTa IOACYIINBAIOT IIPY TeM-
nepatype 100-105 °C B Teyenne 2 4.

[l M3roTOB/IEHNA MATPOHA, IPAMOYTOTbHBIM KyCOY-
KOM (U/IBTPOBA/IbHOI OyMaru HeCKOIbKO pa3 00epThIBa-
I0T JIePeBAHHYI0 OO/NBAaHKY M/IM CTEK/ISHHBIN LVUIMHAD,
AMaMeTp KOTOPBIX HECKOJIbKO MeEHbIIe AyaMeTpa 9KC-
TpakTopa. KoHer, 6ymary, BhICTymaommii 3a kpait 60s1-
BaHKI Ha JUIMHY ee AMaMeTpa, 3arn6aioT CKIaKaMI 1 110-
JIy4aloT, TaKUM 00pa3oM, JHO MaTPOHA; HA HErO KIaAyT
KPY)XOK U3 QWIBTPOBAJIbHONM OymMaru m Kycodek o00e3-
JKUpPeHHOI BaTel. HaBecKy B maTpoHe 3aKpBIBAIOT CBEp-
Xy KPYXXKOM (WIbTPOBaJIbHOM Oymaru, 06e3KupeHHOI
BAaTOI 11 CBOOOZIHBIE Kpas MaTpPOHA 3arnbaioT CKIaKaMIu.
BricoTa marpoHa jo/kHa OpITh Ha 10-15 MM HIDKe BepXHe-
ro Ko/leHa CM(OHHOI TPYOKM SKCTPaKTOpa.

[TaTpoH ¢ HaBeCKOJ IOMEIAIOT B 9KCTPAKTOpP, KOTO-
PbIl COeAVHAIOT Ha IUM(ax ¢ BHICYLIEHHON IO TIOCTOSH-
HOJI MacChI ITPVEMHOII KO0 01 1 XOTOAMIBHUKOM. B K016y
IpefBapUTEeIbHO HA/MNBAIOT [0 2/3 ee 06beMa BBICYILIEH-
HOTO IIeperHaHHOTO CepHOro sdupa. B xomopumpamk 1my-
CKaIOT BOJY ¥ HarpeBaloT KOOy C CepHBIM 3QUPOM Ha
BOJISHOI 6aHe C 3aKPBITHIM 3/IEKTPO VJIU IIAPOBBIM Harpe-
BOM Ha CIIEI[VaJIbHON 3aKPBITON 3/IeKTPUYECKOIl TUIUTKe.
Temmeparypa Boabl B 6aHe TO/DKHA ObITh He 6ortee 60 °C.
[Tapsl pacTBOpuUTENS, OOpasyromuecs B Konbe Ipy Kuie-
HUM, TIONaJast B XOJOAWIbHNK, CTYIAIOTCA B XXIJKOCTD,
KOTOpast KaIUIAMU CTeKaeT B SKCTPAKTOP, I/ HAXOAUTCA
IIaTPOH C HaBeCKo popykTa. Korga yposens pactsopu-
Te/IA B 9KCTPAKTOPe IOJHUMETCA HECKOIBKO BBIIIE BEPX-
Hero KojieHa cu(OHHOI TPyOKu, apup ¢ pacTBOPEHHBIM
B HEM JKUPOM CTedeT B IpueMHYyIo Koyoby. ITocie atoro
Bechb Ipoliecc MOBTOpsAeTcsA cHoBa. [Ipumep obopymosa-
HUA IS 9KCTPAKINM >Kupa 1o Metoy CoKcera IpuBe-
meH Ha Puc. 1.

JKup axcrparupyior B Tedenue 10-12 4, mpu 3TOM Ha-
rpeBaHIe U KuIeHye agupa JODKHBI OBITh OTPEryInpo-
BaHBI TaK, YTOOBI B YaC IPOMCXOANIO 6-8 CIMBAHWIT IPK
o6beme skcTpakropa 100 M. [l 6ojiee OMHOTO U3BIIe-
4eHMA >KUpPa HaBeCKy IPOAYKTA Iepef SKCTPaKIyeil mo-
MEIIAIOT /I HAaCTaMBaHUA B PAacTBOPUTENb B TedeHUe
6-8 4; HacTauBaHIe BEAYT B 9KCTPAKTOPE, HAIIOITHEHHOM
apupoM HIDKe C1POHHOI TPYOKIL.

Korpga skcTpakiyusa 3aKOHYMTCS, IATPOH C HABECKOI
BBIHMMAIOT 13 9KCTPAKTOpa ¥ PacTBOPUTENIb M3 IpUeM-
HOJl KO/MOBI OTTOHAIT B IIYCTON 9KCTpakTop. OcCTaTok
XMpa B Ko/mbe BBICYIIMBAIOT B LIKady [0 MMOCTOSHHOI
Macchl ipu Temneparype 100-105 °C; mepBblii pas Kondy
C )KMPOM B3BEILIMBAIOT Yepe3 1 4 CYIIKH, a 3aTeM 4epes
kaxppie 0,5 4. ITepen B3BemmBaHMeM KOOy OX/IaXKAIOT

b

Puc. 1. Anmapat g skcTpakumy xupa mo metopy Cokcrera:
A — aBroMaTmueckuit IKcTpakTop, b — cbopHOe IKcTparnpoBaHue
obpasra

B 9KcuKaTope B TedeHne 30-35 MUH 1 3aTeM B3BEIIVBAIOT
¢ TouHocThIo 10 0,0001 1.
KomuectBo >xupa (X,%) paccunMTHIBAIOT IO CIIEHYIO-
et popmyre:
X=(G-G)-100/g
rae G — Macca Kojbbl ¢ JKNPOM, T;

G, — Macca mycTort KOJIOBIL, T;
g — HaBecKa JICCIIelyeMOTo IIPOAYKTa, T.

KoHeuHBIT pe3ybTaT BBIpKAIOT KaK CpefHee apud-
MeTH4YecKoe MBYX oIpefieieHMit. PacxoxjeHnme MexXmy
[BYM: MapajiieIbHbIMU OIIpefie/IeHNAMH He JJOIDKHO IIpe-
BbimaTh 0,3 %.

[TonHoTy BbIfeNIeHNA XUpa U3 HABECKU aHA/IU3NpYye-
MOro 00'beKTa C/IefiyeT IPOBePATh CIeAYIOUIIM 00pasoM.
Ha uncroe, 06e3KupeHHOe CTEK/I0O HAaHEeCT! KAIUTI0 MIC-
nemnbl (pacTBoputens). IIpy MOMHOM BbIeNeHUM XVpa
Ha CTeKJe MOCjIe VICIIApeHMsI PacTBOPUTENA He HO/DKHO
HOSIBJIATBCSA KMPHOe IATHO [19,20,21].

Omnpenenenne Xupa HaCTAMBAaHUEM C PacTBOPHUTe-
neM. HaBecky mccnenyeMoro mpopyKra B KolImu4decrse 2 T
6epyT ¢ TouHOCTBIO 0 0,01 T B KOHMYECKYI0 KOOy eM-
KocTbio 50-100 M. ITpunmsaror 10 My pacTBOpuTENnsa —
OeH3VHa WM IUX/IOPITaHA, 3aKPBIBAIOT KOJIOY KOPKOBOI
IpOOKOJ ¥ CHOBA B3BEIIMBAIOT JIJIS ONpefe/IeHNs MacChl
pactBoputenid. JKup aKcTparupyor B TedeHue 1 u, Ie-
puoadecky B36anThIBasA HaBeCKy C pacTBOpuUTeneM. 3a-
TeM COJEPXKUMOe KONMOBl (UIBTPYIOT Yepe3 OyMasKHBIN
GUIBTp B CyXylo KOOy, IpeBapUTeNIbHO B3BELICHHYIO
¢ toynoctbio 1o 0,001 . Konby ¢ ¢puabrpaTtom B3Bemn-
BaIOT C TOYHOCTBIO O 0,01 I 1 110 pasHOCTU OIPENEAIOT
Maccy ¢puibTpara.

PacTBOpUTENIb OTTOHAIOT HAa IECOYHON OaHe, NIPUHAB
COOTBETCTBYIOLIME Mephl IIPEJOCTOPOKHOCTH, KOOy
C OCTaTKOM IIOMEIAIOT B CYLIM/IbHBIN IIKa( ¥ BBHICYIIN-
BaroT rpu Temireparype 100-105 °C. 3aTem K06y ¢ xxupom
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OXJTaXK/IAIOT B 9KCUKATOPE U B3BEIINBAIOT C TOYHOCTHIO JI0
0,001 r.
Conepxanne xupa (X,%) onpenensior 1o popmyre:
X=G-G,-100/(G,-G) g
rge G — KOIMM4ecTBO pacTBOpUTENA, T;
G1 — KOIMYECTBO XXNPa, I}

G, — xom4ecTBo GUIBTpATA, T;
g — HaBeCKa UCCIe[lyeMOro IIPOJYKTa, I.

KoHeuHBIT pe3y/lIbTaT BBIPaXAIOT KaK cpefHee apud-
MeTHYecKoe NIByX ompefieieHmil. PacxoxjeHne Mexpy
IBYM:A MapaJjieIbHbIMA ONIpefieIeHUAMY He TO/DKHO IIpe-
Bbimath 0,3 % [22].

Omnpepenenne Xupos peppakroMeTpUIecKuM Me-
TOOM. MeToy, OCHOBaH Ha onpefie/ieHny Koo duiyenrta
Ipe/IOM/IeHNS PacTBOPa XIpa B d-MOHOOpOMHa(TaNINHe,
aBTO/Ie WM CMeCy MOHOOpoMHadTanuHa ¢ MalIVHHBIM
MacjIoM, KOTOPbIMIU IIpeJiBapUTE/IbHO U3BJIEKAIOT KUP U3
UCC/IeAyeMoro IpoayKTa. PacTBopenne >xupa B m060M u3
YKa3aHHBIX pacTBOPUTE/NENl BbI3bIBAeT IIOHIDKEHNE €ro
IoKa3aresns IMpeIoMIeHNA, MPSAMO MpPONOPIMOHAIbHOE
KOHIIEHTPallVM KMPa B 9KCTPAKTE.

a-bpoMHadTanuH MMeeT BBICOKMII ITOKa3aTeNlb IIpe-
nomMneHnsa — 1,65, OH Majio JIeTy4 ¥ He pacTBOPSET BOLY.
Bce atu cBojicTBa HenanT ero Hambojee IMpUEMIEMBIM
pacTBOpUTeNeM IIpU OIpee/ieHNM KOMM4uecTBa XKupa npu
nomomn pedpakromerpa. IIpy BbIOTHEHMM aHaNMM3a
IPUMEHAIT YHUBEPCATbHBIN peppakTOMeTp CO LIKAIOI,
rpagyupoBaHHoii o nD = 1,75; caxapHblit pedppakToMeTp,
yMerommit mkany nD Tonbko o 1,54, HenpuropeH Jis pa-
00TbI ¢ MOHOOPOMHA(TATITHOM.

Memoouxa onpedeneHusi Hupa ¢ npumeHeHuem 6 Ka-
uecmee pacmeopumens moHobpomHapmanuna. HaBecky
TIIaTe/IbHO M3ME/IbY€HHOTO MPOJYKTa B KOMYECTBE OKO-
710 2 T 6epyT 10 PasHOCTHM € TOYHOCTHIO 70 0,0001 r B Ma-
NeHbKyIo gappopoByo CTYIKY (guameTpoM He 6Oonee 5
cM), 100aBIIAIOT U3 GIOpeTKy 1,3 MJI MENKOTO IMpOKaieH-
HOTO IIecKa ¥ OKO/IO 6 T MOHOOpOMHa(Ta/INHa, OTBELIeH-
HOTO TI0 Pa3HOCTY ¢ TOYHOCTHIO fo 0,01 r. TimarenbHO pa-
CTUPAIOT IIECTMKOM HaBEeCKY C IIeCKOM U PACTBOPUTEIEM
B Te4eHMe 5 MMH. 3aTeM COREp>KMMOe CTYIKI NePEeHOCAT
Ha HeOOJIBIION CKIAag4yaThlil GUIBTP, JUAMETPOM 7 CM,
Y TIOTTYYeHHBIIT TI0C/Ie PUIBTPOBAHNA SKUPOBOIT SKCTPAKT
COOMpaOT B MaJIeHbKII XMMIYECKIIT CTAKaHYNK.

[lepemeniaB  9KCTPaKT  CTEK/JIAHHONM  IaJI0YKOM,
2-3 Kammm ero HAHOCAT Ha IpuU3My pedpaKToMerpa
u ompepnensoT kKoadounyent npenomnenus. Ompepe-
NeHue pedpaKkuuy MOBTOPAIOT He MeHee 3 pa3 C HOBBI-
MM IIOPLMAMU 9KCTPAKTa 1 OepyT JIg pacyeTa CpefHee
apudMeTIIecKoe.

[Tokaszarenb IpeTOMIEHNMS YUCTOTO MOHOOpOMHa-
(dranmHa 1 VCIBITYeMOTO )XMPOBOTO 3KCTPAKTa OIIpefie-
JISIIOT IIPYM OfLHOM 1 TOI >Ke TeMmIleparype. Temmeparypa
BO BpeMsA OIpefe/ieHNs MOA/lep>KUBaeTCs IIOCTOSHHOIA,
YTO JIOCTUTAeTCSA NPOINYCKaHMEM BOAbI Yepe3 OIpaBbl
IIpU3M.

KomuuectBo >xupa (X,%) paccumMTHIBAIOT IO CIIEHYIO-
et popmyre:
X=10*-a-(H,-H)-g/g,
rjie H — mokasaTenb NpeloMIeHUS YUCTOTO PACTBOPUTETIS;
H — noxkasarenb IIpEIOM/IEHNA VICIIBITYEMOTO JKMPOBOIrO
9KCTPaKTa;
g — HaBeCKa pacTBOPUTEL, T;
g, — HaBeCKa MCCTIelyeMOoro NPOAyKTa, T;
a — IIOKa3aTe/lIb OTHOLIEHMS ITPOLEHTHOI'O COOEp KaHUA
JKUpa B pacTBOpUTeNe K Pa3HOCTM MEXJY IOKa3aTe/LiMU
IIPe/IOMJICHNA PaCTBOPUTEIA U XKMPOBOI'O 9KCTPAKTA.

[71s1 muieBBIX KOHIIeHTPaToB a paseH 0,0368 [17]. [Tpu
BBIYMCTIEHUM TIPOLIEHTA COflepXKaHMsA >KUPA MOMb3YIOTCA
[OKa3aTe/sIMU TIPeTIOM/IEHNsI U TJIOTHOCTY XKUPOB, yKa-
3aHHBIMU B TaorL. 1.

Ta6muua 1. [lokasanus npenomaenns n”, MIOTHOCTH KUPOB [23]

HaumeHoBaHue xupa KOMM’MHMCHTJ IInoTHOCTD, I/CM?
npenominenus n®,

KynxxyrHoe macio 1,4730 0,919
IlogconHeyHnoe Mmacno 1,4736 0,924
Koposbe macno 1,4605 0,920
Maprapux 1,4690 0,928
ApaxiucoBoe Macio 1,4696 0,914
Topuiranoe macito 1,4769 0,918
Konpurep cxumit >xup 1,4674 0,928
CoeBoe Macio 1,4756 0,922
Kykypysnoe macno 1,4745 0,920
KonuenTparst

q’oc(‘l‘mml;me 1,4746 0,922
Kymunapubliii xxup 1,4724 0,926
CBMHOII TONTIEHBI KNP 1,4712 0,917

Memoouxa onpedeneHus xupa c npumeHeHUeM 6 Kauecr-
8e pacmeopumerneii AéMosna UnU cMecu MOHOOpomMHapmanu-
HA U MauuHHo20 Macid. OKoJIo 5 T XOpOILO U3MeTb4eHHOTO
IIPOJYKTA OTBEMINMBAIOT 110 PA3HOCTHU C TOYHOCTDIO 10 0,01 T
B HeOO/bIIYyI0 (papPOPOBYIO CTYIKY U JOOABIAIOT 4 T B3-
TBHIX TAKOKe IT0 PAa3HOCTY aBTO/IA VIV CMeCH U3 25 00 beMHBIX
enyHIL MOHOOpOMHAdTaNMMHA 1 75 00BEMHBIX eIVHUL] Ma-
HIMHHOTO Mac/a. 3aTeM B CTYTIKY BHOCAT 3 I MEJIKOTO IIpO-
KaJIEHHOTO TIeCKa ¥ IIOTyYeHHYI0 CMeCh TIIATENbHO PacTH-
patoT B TeueHne 5-10 muH. Bonee pnurenbHOoe pacTupaHue
PEKOMEH/TYeTCA ISl INIIEeBbIX KOHI[EHTPATOB C MACOM [24].

Ecim B KauecTBe pacTBOpPUTEN INPUMEHSIOT CMecU
MOHOOpOMHa(Ta/IMHa ¥ MAIIMHHOTO Macja, TO pacTep-
TYIO MAacCy IIePEeHOCAT U3 CTYIKI Ha CKJIA{9aThIll PUIbTP,
2-3 xamm oTUIBTPOBAHHOIO KMPOBOTO 9KCTPAKTA Ha-
HOCAT Ha IPU3MY pedpaKkToMeTpa U OIpee/saIoT IOoKa-
3are/ib IpefioM/IeHns. B ciaydae mpuMeHeHMs B KauecTBe
pacTBOpUTeNA aBTONA CMeChb B CTYIKe PAacTUPAOT IpU
HarpeBaHUM, IIOTPYSUB CTYIKY B COCYJI C TOPsIYEN BOLOIA.
PacrepTylo Maccy mepeHOCAT M3 CTYNKM Ha QUIBTP 13
ABYX CII0€B Map/Iu C TOHKOM IIPOCIOIKOM U3 BaTbl, OTXKM-
MalOT HECKOJIbKO Kalle/lb >KMPOBOT'0 3KCTPaKTa, OXJIaXKa-
I0T €T0, HAHOCAT Ha IIpU3My pepaKToOMeTpa I OIpefes-
0T IIOKA3aTeslb IPeTOM/IeHNs.
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CozepyxaHne Xupa BBIYUCIAIT IO GOopMyIIe, IpuBe-
IleHHOJI B METO/VIKe OIIpefie/IeHNs JKMPa C paCTBOPUTE/IEM
MoHoOpoMHadTammHoM. [lokasarenb a paBeH: B Caydae
npyMeHeHns aBTona — 0,3; B crydae NpUMEHEHU CMECK
MoOHOOpoMHadTanMHa 1 MammHHOro Macna — 0,19. Pac-
XOXKJIeHMEe MEX]y INapaj/UleIbHbIMU OIpefeIeHNAMN He
IO/DKHO mpeBpiaTh 0,3 % [22].

PedpaxTomeTpryeckuil MeTOf, OIpefene s Komude-
CTBA )XMpa SBJIAETCS OJHUM U3 CAMbIX OBICTPBIX METOJOB.
VIM mMpoKo NONb3YITCA IPU MCCIENOBAHNN TNIEBBIX
KOHLIEHTPATOB U JIPYTOil IPOAYKIMH, COfIeprKallleil XKIP.

Omnpenenenne xupa nenTpudyrupopannem. Meton
MIPUMEHAETCA IJIA ONpefie/ieHNA )KIPa B CyXUX MOIOYHbIX
IIPOAYKTaX: MOJIOKe, CIMBKAaX, Macyle, a TAKKe B AMYHOM
IIOPOLIKE ¥ MOJIOYHBIX CMeCAX IPOAYKTOB IETCKOTO -
taHyA. CyIIHOCTb MEeTOJa 3aK/II0YaeTCs B TOM, YTO MCCTIe-
[lyeMBIil IPOAYKT 00pabaThlBalOT KOHIEHTPUPOBAHHOIN
CEpHOJI KUC/IOTOM B MPUCYTCTBUM M30aMUIOBOTO CIIMPTA
IIpY HarpeBaHuu 1 LeHTpudyruposanun. [Ipu geitctBun
CEPHOII KIC/TOTBI 6€TOK MOIOYHBIX IPOYKTOB II€PEXOANUT
B PaCTBOPMMOeE CoeflmHenme ycmoBHoit popmymbr: H SO, -
NH,R(COOH),, B pesynbTare 4ero mpoucxXoiut oTfee-
HIe Xupa. VI3oaMumioBocepHblit 3¢up, 06pas3yommiics
npu Jo6aBlIeHNN M30aMMIOBOTO CIIMPTA, CHIDKaeT IO-
BEPXHOCTHOE HATsDKEHMe XKMPOBBIX IIAPUKOB U CHOCO0-
CTBYyeT CIMIAHMIO UX B CIUIOIIHYI0 Maccy. Harpesanue
U LeHTpU(yrupoBaHue YCKOPSIOT 3TOT mpouecc. [lnsa
OIIpefie/IeHNs CIyXKAT CTeK/IAHHbIe IPUOOPbl — OYTHPO-
MeTpbI, B TPajlyMpOBAHHON YaCTV KOTOPBIX COOMpaeTcs
otpenuBIuniics xup. O6beM Xypa OTCUNUTHIBAIOT HEIO-
CPeACTBEHHO II0 LIKajie 6yTrpoMeTpa. byTnpomerp, nHa-
Je TaKTOCKOIL, TpefHa3Ha4eH /I Ollpefie/ieHI s MacCOBOII
JIO/IV >KMpa B MOJIOKE U MOJIOYHBIX IpoaykTax. Hanbornee
pacrpocTpaHéH Oy TMPOMETP I MOIOKA — CTEK/IAHHBIN
LVIMHAPUYECKIIT COCY/, CO IIKAJION, II0 KOTOPOII OIpee-

JIAI0T KOJIMYEeCTBO XKMpa B MOJIOKe: 1[eHa Jie/IeHNA LITKaJIbl
0,1% 1o macce.

Meronuka ompefeneHus JaHa IPUMEHUTEIbHO K CY-
XM MOJIOYHBIM INIpOAyKTaM. [y paboTbl MOTYT OBITH
VICIIO/Ib30BAHBl OYTUPOMETPBI /ISl CIMBOK W/IM MOJIOKA

Puc. 2. Ilpumeps! 6yTipomeTpos

Onpedenerue sxupa 6 6ymupomempe 015 cu6oK (npu
UCCIe008AHUL CYX020 UETIbHO20 MOIOKA, CYXUX CTIUBOK, CY-
x020 macna). HaBecky nmpopykTa B Komndectse 2,5 T (cy-
X0€ MOJIOKO, CyXJe CIMBKM) WK 2 T (CyXoe Macio) 6epyT
¢ TOYHOCTHIO 710 0,01 I B XMMMYECKUI CTaKaH C HOCMKOM
€MKOCTBI0 25-50 MJI, IpUAMBaOT 4-5 M/I CEpHOI KUCIO-
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Thl (OTHOCUTENIBHON IIOTHOCTHIO 1,5-1,55) M Timaresnb-
HO pacTHpalT CTEK/IAHHON mnano4koi. Ilomydennyro
OJJHOPOJHYI0O MacCy KO/NMYECTBEHHO IMEePeHOCAT uepes
MaJIeHbKYI0 BOPOHKY B Oy TMPOMETp U CMBIBAIOT CTaKaH-
YUK HECKOJIbKO Pa3 KMCIOTOM TOM K€ IJIOTHOCTU IIOP-
UUAMU TI0 3-4 MJI, clefs 3a TeM, YTOObI 06l 06'beM
KUCTIOTHI B OyTHpoMeTpe cocTaBui 18-19 M1, a ypoBeHb
cofiep)KuMoro OyTupomMerpa ObUI HUXKe OCHOBAHUSA €ro
TOpPJIBIIIKA HAa 7-8 MM. 3aTeM IPUINBAIOT 1 MJI M30aMu-
JIOBOT'O CIIMPTA.

byTupoMeTp IJIOTHO 3aKpBIBAIOT CYXOH KaydyKOBOII
npo6OKoI, 00epThIBAIOT IOJIOTEHI|EM /IS IpefoXpaHe-
HUS PYK OT O)KOTa U, IpUAiepXX1Basi MpoOKY, SHEPTUYHO
BCTPSIXMBAIOT U OJHOBPEMEHHO HECKOIbKO pas IIepeBo-
PpauMBaIOT I JIy4IlIero CMeIIMBAHUA COLlEPXKIMOro. 3a-
TeM OYTMPOMETp IOMEIJAI0T MPOOKOJ BHU3 B BOASHYIO
6aHIo ¢ TemriepaTypoii 65-70 °C, mpyu 9TOM ypOBEHb BOJIbI
B 6aHe O/DKeH ObITb HeCKOJIBKO BBIIIE YPOBHSA >KUAKOCTI
B Oytupometpe. IToc/e MoNMHOro pacTBOpeHNs OETKOBBIX
BEI[eCTB IIPOAYKTA, NPUMEPHO dYepe3 7-8 MUH, OyTH-
POMeTpbl BBIHMMAIOT 1 YCTAaHABIMBAIOT CTONOMK >Kupa
B TPajlyMpOBAHHON 4acTy OyTHMPOMETPOB, MOJKPYUNBAs
npoOKy BBepX WM BHM3. 3aTeM OyTHPOMETPHI ITOMellja-
I0T CUMMETPUYHO B LEHTpU(YTy Y3KMMM KOHIIAMU IIO
HallpaB/IeHNIO K LIEHTPY U LeHTpUQPYTUPYIOT B TedeHue
5 muH nipu 800-1000 06/muH (500-1000 g).

ITocne saToro 6yTMpOMETPHI CHOBA CTABAT Ha 5 MMH
B BOAIAHYIO OaHI0 Ipu Temmeparype 65-70°C, Bropmd-
HO IIeHTPUQYIUPYIOT 5 MUH U TIOCTIe BBIIEPXKKM B OaHe
B Te4eHNe 5 MVH IIPU TOII ke TeMIleparype OBICTPO OT-
CUUTBIBAIOT YMC/IO JieJIeHWII, 3aHMMAaeMBbIX CTONTOMKOM
xupa. IIpu oTcuere 6yTMpOMeTp fiepXKaT B BepTUKAIb-
HOM IIOJIOKeHMM TPOTUB cBeta. A ymo6cTBa oTcde-
Ta HIDKHIOIO TPAHMIY CTONOMKA >KMpA YCTaHABIMBAIOT
IpY IIOMOIIY IPOOKYM Ha KaKOM-TNOO0 Jle/IeHNN IIKasIbl
npubopa. CofepskaHiue XKupa B IPOLEHTaX HAXOJAT, M-
HOXKasl IToKa3aHue OyTUpoMeTpa Ha 2 IpK HaBecke 2,5 T
" Ha 2,5 Ipu HaBecke 2 I. JKup ompepnendioT B BYX Ia-
pa/UleNIbHBIX Hpo6ax, MOIycKaeMoe pacXOXKfieHMe —He
6omnee 0,5 %.

Onpedenenue xupa 6 6ymupomempe 011 monoka. Ilpu
VICC/IeJOBAaHNM 1Ie/IBHOTO U 00€3)KVPEHHOTO MOJIOKA VN
CYXMX C/IMBOK HaBeCKy IPOAYKTa 6epyT B KOIMYECTBe
1,5 r ¢ Tou”HocThio o 0,01 T B XMMMYeCKUI CTaKaH C HO-
CUKOM €MKOCTbI0 25-50 MJI, IpuIMBalOT 4 M/ ropsdeil
BOfbI ¢ TeMmmeparypoit 70-75°C, TIjaTebHO pacTUpaIOT
U TIOJTy4eHHYI0 OIHOPOJHYIO CMech 0e3 IOoTepb HepeHo-
CAT 4epe3 MaJIeHbKYI0O BOPOHKY B OyTHpPOMETp, B KOTO-
Ppblil IpeBapUTeIbHO HanuBaloT 10 MJI cepHOII KUCTIOTHI,
OTHOCUTEIBHOI IIOTHOCTHIO 1,81-1,82 1/cM?®); cTakaHIMK
2 pasa CIONACKMBAIOT OUCTV/UIMPOBAHHOM BOAOM IIOP-
LVISIMMA 110 3 MJI, IPUCOENVHSAA ee K COflep>KuMoMy Oy Tu-
pomeTpa. 3aTeM J0OABIAT 1 MJT M30aMIIOBOTO CIIMPTA.
B ocTasibHOM aHa/IN3 BHIIOTHAIOT TAK, KAK YKa3aHO BbIIIIE.
ITpu vccnenoBaHMM CyXOro 06e3)XKMPEeHHOTO MOJIOKA ITpH-
MEHAIOT TPeXKpaTHOE LIeHTPUQYTUPOBAHNE.
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Conepxanne xupa (X,%) BBIYUCIAIOT 10 popmyrte:
X=a-K/g

Tae a — IOoKa3aHue 6yTI/Ip0MeTpa;
K, — xoadunmenrt ams nepesopa noxasanuit 6y tupomeTpa
B ITPOLIEHTHI;
g — HaBeCKa IIPOIyKTa.
PacxoqueHI/[e MEXAY ABYMs ITapajlIeIbHbBIMI OIIPENETICHN-
AMU JoIrycKaercs He 6omee 0,5 % [25,26,27,28].

Jns onpedeneHust Hupa 6 mecme u 20Mo6bIX U30ETU-
Ax Bcepoccmitckuii Hay4HO-MCCNIEROBATENbCKUI MHCTU-
TYT X/1€00IIeKapHOII IIPOMBIIITIEHHOCTH, MockBa, Poccust
(BHMMXII) paspaboran yCKOpeHHBbII OyTupoMeTpude-
cknit MeTofi. OH OCHOBaH Ha pacTBOPEHMM MCCIefyeMoit
HaBecKM B 60% cepHOI KMCIOTBHI M ONpPENENIeHNM C/I0s
XKMpa B MOJIOYHOM OyTMpOMeTpe LeHTpUyrupoBaHueM
B IIPUCYTCTBUM M30aMIJIOBOTO CIIMPTA, KOTOPBIT 06pa-
3yeT C CepHOJ KUCIOTON M30aMUIOBOCEPHBI 3dup,
YMEHbLIAIOII BEeIMYMHY IOBEPXHOCTHOTO HATXKEHUA
JKVPOBBIX IIAPYKOB ¥ CIIOCOOCTBYIOMIMX CIMIAHUIO UX
B €[MHBIN XUPOBOII cnoii. IIpyu aHanmuse roToBbIX uUsze-
NI YHANAIOT BCe BK/IIOYEHNA U IOBEPXHOCTHYIO OTHENKY,
aHa/IN3UPYH TONbKO MAKWIL VI3 cpefHUX mpob TecTa Wn
TOTOBBIX U3JIE/INII OTOMPAIOT IO IB€ HAaBECKM MAaccoif 2 T
Kaxgasd. VIX TIaTeIbHO M3MeNbYaloT [id JTY4IIero pac-
TBOpeHMs Kpaxmaa 1 Oefka B cepHoit kucnote. [lapan-
JIeTIBHO OTOMPAIOT HABECKM J/Is OIpefie/IeHNs BIaXKHOCTH
tTecta Ha npubope BHUMXII-BY (nmpubop Umskooii)
U TOTOBBIX u3genuii. HaBecku TecTa Mam rOTOBBIX U3fe-
nmit TomernaT B ¢papdopoBble CTAaKaHUYMKU VI TUIIN
BMecTUMOCTBI0 20-30 M1 1 3anuBaroT 9 mi 60 %-Hoii cep-
HOII KMCNOoThl. CTaKaHYMKI IOTPY>KAIOT B THe3/ja BOSAHOI
6aHM ¢ TemnepaTypoit Boabl 80 °C 1 pacTBOPAIOT HABECKU
B CEPHOI KMCIOTe B TedeHue 20 MUH IIpU NEePUOANIECKOM
IepeMeIIVBaHNY CTEK/IAHHON nanodkoii. Ilocime pactso-
peHusA HaBeCKM TeMHYIO >KMKOCTb IO CTEeK/IAHHON Ia-
JIOYKe IMEePEHOCAT B MOJIOUHBble OyTUPOMETPBI, CMbIBAs
OCTaTKM U3 TUI/IA ¢ nomoupio 10 M 60 %-noit H SO,

B 6yTMpoMeTppl OCTOPOXXHO, 4TOOBI HE 3aMOYUTDH
TOPJIBIIIKO, MIPMIMBAIOT 10 1 M/ M30aMUIOBOTO CIIMPTA,
IUVIOTHO 3aKpPBIBAIOT PEe3NHOBBIMU IPOOKaMy, IUIABHO
nepeMelBalOT B TedeHye 3 MUH U IIOMELAIT B He3/a
BOIAHOI 6aHM ¢ Temmeparypoit Bopbl 80°C Ha 5 MuH
(mpobkammy BHu3). ITo ucredeHUn 5 MUH OYTUPOMETPBI
BBIHMMAIOT U3 BOASAHON OaHU, pasMellaloT B MOJIOYHOII
neHTpudyre lepbepa 1 HeHTpUPYTUPYIOT 5 MUH TIPK Ha-
crore Bpamenus 1200 06/muH. Ilocne nentpudyruposa-
HYS1 Oy TMPOMETPBI CHOBA ITIOMEIIAIOT Ha 5 MVH B BOASIHYIO
6aHi0 Temneparypoit 80 °C (mpobkamMy BHU3), IOC/IE YETO
BBIHMMAIOT I OTMEYAIOT BBICOTY YKEITOTO )KMPOBOTO C/1051
HaJl TeMHOII >KMJIKOCTDIO 10 YVC/TY MaJIbIX Jle/IeHuUI Tpajy-
VPOBaHHOI YacTu OyTupomerpa [29].

Merop, ompefeneHnsa COAepKAHMUA KXMPa MO 00e3-
JKUPEHHOMY OCTaTKy (mo PymkoBckomy). KommuectBo
JKMpa B MPOJIYKTe OIpefeAeTCs 10 YMEHbIIEHNIO MacChl
CYXOI1 HaBeCK! IIPOAIYKTa I1OC/Ie SKCTPAKLMUN PacTBOPHU-
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teleM. HaBecky mcciegyeMoro obbekTa B KONMMYECTBE
2...5 1, B3BemeHHy ¢ norpemHocTbio 0,001 1, cnepy-
eT BBICYIINTb B CYIIWJIBHOM IIKady IIpU TeMIlepaType
100...105°C n mepeHecTu B IakKeT U3 (QUIBTPOBATBHOI
6ymaru pasmepoM 8x9 cM. CTeHKU OIOKCHI IIPOTEPETh He-
6O0JIBIINM KOMYeCTBOM BaThl, CMOYEHHOII B adupe. Bary
BMeCTe C HaBeCKOJl IOMEeCTUTD B MaKeT 13 (puIbTpoBab-
Hovt Oymaru. ITakeT ¢ HaBeCKOJT BIOXXUTD BO BTOPOJ ITaKeT
pasmepom 9x10 cM Tak, YTOObI TMHNK 3arnba MaKeToB He
COBIIAfIany, U NepeBA3aTh MX HUTKOM. HapykHblil makeT
IPOHYMEpOBAaTh IIPOCTHIM I'Pa(pUTOBBIM KapaH/AIIOM, I10-
MEeCTUTb B Ty JKe OIOKCY, B KOTOPOJI paHee BbICYIINBA/IACh
HaBeCKa, U MOCTaBUTb B CYIIWIbHBIN IKag. Beicymmrs
IO TIOCTOSIHHOI Macchl mIpu Temmeparype 100...105°C.
MO>XHO CYIINTb HaBeCKY HEIOCPEJNCTBEHHO B IIAKeTe.
BrICyILIeHHDIIT ITAKeT C HABECKOIT HO/DKEH OBITh ITOMellleH
B 9KCTpaKTop anmnapara Cokciera. B ofjuH anmapar Mox-
HO ITOMeIIaTh HECKO/IbKO IaKeTOB IIPY YCIOBUM, 4TO BCe
OHJI TTOJTHOCTBIO OTPY>KEHBI B 9QUP 1 XOPOIIO OMBIBAIOT-
ca uM. IIpopomxurenbHOCTh aKcTparuposanus 10...12 4.
OkoHuaHMe IIpolLlecca YCTAHABIMBAETCA C/IEHYIOLUM
obpasom. Kammo pactBopa (Muclesibsl), BbITEKAIOIIETo
13 9KCTpaKTOpa amIapaTa, C/IeflyeT HaHeCT Ha 4acoBOe
crexso. ITpy 1momHOM M3B/IEUEHMM >KMpa U3 HaBeCKM Ha
CTeKJIe ITOC/Ie UCIIapEeHNs PAaCTBOPUTEIS He O/DKHO ObITh
JKMPHOTO IATHA. [TakeThl ¢ 00e3>KMpPEeHHOIT HaBeCKOIl Ie-
PEHeCT! B Ty e OIOKCY M BBIIEP>KaTb B BBITA)KHOM IIKa-
¢y 20...30 MyH 14 yraneHns a¢upa, a 3aTeM BHICYIINTD
B mkady npu Temneparype 100..105°C 1o moCTOSHHOI
Macchl. [lnuTenbHOCTDb mpouecca oT 1 1o 3 4.

Copeprxanne >xupa X,% paccunTbIBaeTcs o popMyie:

X=(m —m,)-100/g

IJle M, — Macca BBICYIIEHHBIX GIOKCHI, TaKeTa 1 HaBeCKM IPo-
IYKTa JI0 9KCTPaKIMIL, T3 M, — Macca BBICYIIeHHBIX OIOKCHI,
[IaKeTa M HABECKM IIPOAYKTA IIOC/Ie SKCTPAKIINY XKIUPaA, § —
HaBeCKa MPOAYKTa.

PacxoxieHne MeX/y IapajJIe/IbHbIMI OIpele/IeHNsAMI He
mo/mkHo npesbimath 0,5 % [30].

Merop Panpmanna. Tax ke, Kak U IpoLiecC B 9KCTPaK-
Tope CoKceTa, MeTOJ, OCYIECTB/IAIOT B 3 9Tama: SKCTpakK-
IV, IpOMbIBKa 1 cymka (Puc. 3).

CrakaH ¢ 00pasloOM IIOMEIaeTCs B PAacTBOPUTEND.
K pactBopurenio nogsoputcs temora. Ilaper pactBopu-
Te/lA TOJHMMAIOTCA B KOHZIeHcarop. Ilocie kamm cKoH-
[ICHCHPOBABILETOCS PAaCTBOPUTENS IIONA/JAI0T B CTAaKaH
¢ obpasnom. Obpasel sKCTparupyerTcs, 1 pacTBOPUTE/b
C AHAJINTOM, IIPOXOZA CKBO3b (PPUTTY, COOMPAIOTCA B CTa-
KaHe ¢ 06pasioM. [IpoMbIBKa COCTOUT U3 2 CTALMIL:

e PAacTBOpPUTENb YIAPMBAETCA U COOMpAeTCA B CIEIMN-
aJIbHOI €MKOCTH IO TeX IO, II0Ka YPOBEHb PaCIoyo-
JKeHM 00pasiia He Oy/eT BbIIle YPOBHSA PaCTBOPUTELS;

e OCTAaBUIMIICA B CTaKaHe PAacCTBOPUTEIb MCIAPSETCS,
HIOCTIe KOH/ICHCALIUY PaCTBOPUTE/Ib MIOA/aeT B CTaKaH
¢ 06pasIoM, OCYIIeCTB/IAA IPOMBIBKY.
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Puc. 3. Anmapar s aKCTpakium xupa 1o Merony Panpamna [31]

Cragua CymkmM NpoTeKaeT AaHAJOTMYHO METORY
Coxcrnera. OcraBmmiica B CTaKaHe PacTBOpPUTENb yIIa-
pUBaeTCs U NONafiaeT B eMKOCTD C pacTBOpuUTeneM. AHa-
JINT OCTAETCA B CTaKaHe, a OCTaTKM 06paslia — B CTaKa-
He ¢ 00pas3noMm.

Metop TBuccenbMaHa (3KOHOMIYHAS HeNPePbIBHAS
9KCTPAKIUA). DKCTpakuys IO MeTofy TBuccenbMmaHa
ABJAETCS SKOHOMMWYHON a/bTEPHATUBON SKCTPAKLINM 110
metony CokcreTa, MO3BOJIAIEN CHU3UTD BpeMs aHajIu-
3a U 3aTpaThl Ha pacTBOpuUTeNb. IIpomecc skcTpakumm 3a-
HMMaeT OKO/IO 60 MUHYT.

[IpyHIMI paboTHl SKCTPAKTOPaA IO MeTORY TBUCCED-
MaHa (9KOHOMMYHAsI HellpepbIBHAS 9KCTPAKIVsA): B OT/IN-
4yie OT PaCCMOTPEHHBIX PaHee METOIOB OH IIPOXOAUT B 2
aTama: 9KCTpakumA u cymka (Puc. 4).

KoHgeHcaTop

OTtBoa B
eMKOCTb C il
pacTBopuTenem .

JKcTpak-
LUMOHHas
Kamepa ¢
obpasuom

CrakaH

Puic. 4. Antmapar s 9KCTpakium Xupa 1o Metony TBrccenbmana [31]
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IKcTpakuus. PacTBopuTeslb HAXOOUTCA B CTaKaHe
u HarpeBaercs. Ilapbl pacTBOpUTENs MPOXOHAT depes
9KCTPAKI[MOHHYIO KaMepy ¢ 06pa31{oM U MOMaal0T B KOH-
nercarop. CKOH/IEHCHPOBABIIENCS] PACTBOPUTEND KaraeT
B 9KCTPAKIMIOHHYIO KaMepy ¢ 00pasijom, Ijje mpoTeKaeT
mporecc akcTparrpoBanusi. OfHOBPEMEHHO PacTBOPU-
Te/lb C AHAJINTOM U3 SKCTPAKIVIOHHON KaMepbl MepeHO-
CUTCSI B CTaKaH C PacTBOpPUTENEM. Bpemsi sKCTpakumm
yCTaHaB/IMBAETCS 3apaHee.

Cymka. Ha sTame Cyumikum cTakaH C pacTBOPUTETEM
HarpeBaeTcs, PaCTBOPUTE/Ib YIIAPUBAETCA U COOMpaeTCs
B COOTBETCTBYIOIIYIO eMKOCTb [32,33].

3akaroueHune

Ompenenenne cofep)KaHust XUPOB B ChIpbe IS IPO-
M3BOJICTBA IMILEBBIX HIPOJAYKTOB, a TAKXKe OIpefie/ieHNe
JKVPHOCTY TIMINEBBIX IPOAYKTOB SIB/ISETCS aKTyalb-
HeJIIell AaHAIUTUYECKON 3ajladell Id KOHTPOJIbHBIX
maboparopuit Ha MPOM3BOACTBE U 1abOPaTOPMil KOHTP-
ONMPYIOLIMX OpraHoB. Bce Bospacramomie TpeGOBaHMSA
K KauecTBY 1 6€30I1aCHOCTY MUIIEBBIX IPOJYKTOB, a TaK-
YK€ BOCIIPOM3BOAUMOCTI U IIPOU3BOAUTETbHOCTI TPA/IU-
[[MOHHBIX METO/VK BBIJIe/IEHIISI )KIIPa OATAIKMBAIOT COB-
peMeHHble MUIIeBble Ta00PaTOPUM K IMTOUCKY PasIUIHBIX
METOJIOB BbI/Ie/IEHVISI U aHA/IN3a KUPOB.

BbijjenneHre VHAVBUAYAIbHBIX JIUINUOB U3 MCXOJ-
HOTO Marepuana OOBIYHO BKII0OYaeT HECKOIbKO 3TAIIOB.
[TepBBIM 3TAmOM SIBASETCS paspylieHMe TKaHU ITyTeM
M3MeTbYeHNsI CYXOTO CBhIPbsi, CIEAYIOIMM — 3KCTpakK-
VISl HeJITPa/IbHBIX JIMINJIOB, 3aTeM 9KCTPAKIVIA CYMMBI
docdo- u rmmKonMIUEOB C mocrenymuM dpaxiyo-
HUPOBaHIEM U BBIeNIeHNEM YUCTHIX BeuiecTB. [lomHO-
Ty U3BJIeYeHNs UINUJIOB obecreynBaeT MaKCUManbHOE
pasMmenbueHre Matepuana. IlonspHble pacTBOPUTENH,
TakKye, Kak METAHOT U 9TaHOJ, KOTOpPbIe Pa3pyLIAioT
BOJIOPOZIHBIE CBSI3M M OCNMAOISAIOT 37IEKTPOCTATUIECKOE
B3aMMO/IeIICTBIE MUIINTOB C benkamu, Hanbomee addex-
TYBHO 9KCTParupyoT TMnuabl. VIcnonb3oBaHme CIupTOB
LSt 9KCTpaKLyy GoconUnumoB yRoOHO 1 TeM, 4TO OHU
Ie3aKTUBUPYIOT OOJBIINMHCTBO JIMIONATUYECKUX dep-
MEHTOB, KOTOpbI€ B AKTUBHOIT pOpPMe BBI3BIBAIOT JI€TPa-
JALVIO TUINAOB. [JIINTETbHOCTD 9KCTPAKIVM U IIOTTHOTY
9KCTPAarupoBaHys, a TaKXKe CIIocob ¥ yCIoBuSA IpoBefie-
HUSL 9KCTPAKIUM OIPENEAI0T B KAKJOM KOHKPETHOM
cinyqae [34].

Takum 06pa3oM, aBTOPHI B JAHHOM 0030pe Ipefpu-
HSIU TIOIBITKY OCBETUTb BCe JJOCTYIIHBIE U M3BECTHBIE
METOIO/IOTUY IO U3BJIEYEHNUIO TUMNITOB (KUPOB) U3 pas-
JIMYHBIX 6MO/IOTMYIECKUX MATPUIL] KaK PACTUTENBHOTO, TaK
Y )KUBOTHOT'O ITPOMCXOXKIEHS.
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Introduction

Lipids (from Greek «lipos» — fat) are a complex mixture
of organic compounds with similar physical and chemical
properties, which is found in plants, animals and microor-
ganisms. Lipids are widely distributed in nature. Together
with proteins and carbohydrates, they make up the basic
mass of organic substances in all living organisms, being
an obligatory component of every cell. Lipids are widely
used in obtaining many food products, and are important
components of food raw materials, semi-finished and fin-
ished food products, while largely determining their nutri-
tional and biological value and taste [1,2].

Lipids are insoluble in water (hydrophobic) and well
soluble in organic solvents (gasoline, diethyl ether, chlo-
roform, etc.).

In plants, lipids accumulate mainly in seeds and fruits.
Lipid content (%) in different plants is the following: pea-
nut (kernel) — 50 to 68; cocoa (beans) — 49 to 57; sun-
flower — 30 to 58; soybean (seeds) — 15 to 25; corn — 5.6;
buckwheat — 3.8; rice — 2.9; wheat — 2.7.

In animals and fish, lipids are localized in subcutane-
ous, cerebral and nerve tissues and tissues surrounding
important organs (heart, kidneys). Lipid content in stur-
geon carcass may be as high as 20-25 %, in herring — 10 %.
In carcasses of terrestrial animals, it highly varies: 33 %
(pork), 9.8% (beef), 3.0 % (piglets). In deer milk its con-
tent is 17 to 18 %, in goat milk — 5.0 %, in cow milk — 3.5
to 4.0 %. Lipid content in certain types of microorganisms
may be up to 60 % [3].

According to the chemical structure, lipids are derived
from fatty acids, alcohols, and aldehydes, and are built
using ester, ether, phosphoester, and glycosidic linkages.
Lipids are divided into two main groups: simple and com-
plex lipids. Simple neutral lipids (not containing nitrogen,
phosphorus, sulfur) include derivatives of higher fatty ac-
ids and alcohols, as well as glycerides, waxes, cholesterol
esters, glycopeptides and other compounds. Molecules of
complex lipids contain not only the residues of high mo-
lecular weight carboxylic acids, but also phosphoric or sul-
furic acids.

Lipids are important ingredients of food, as they have
high energy value and are a source of building material
for human body tissues. Individual components of fat,
i.e. some fatty acids, phosphatides, sterols, fat-soluble vi-
tamins, have important biological functions in the body.
Lipids are substances of plant and animal origin, soluble
in organic solvents and slightly soluble in water. They
contain higher alkyl or acyl radicals in the molecular
structure.

Quantitative determination of lipids requires the ex-
traction of glycerides and related substances (pigments,
vitamins, free fatty acids, phosphatides, etc.) from the test
object [4,5].

Existing methods for determining the fat content in dif-
ferent types of raw materials and products may be divided
into two groups, i.e. one-step and two-stage ones.
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One-step methods based on the ultrasound, nuclear
magnetic resonance, photometry and infrared rays allow
quantitative determination of fat directly in the test object.
However, this requires complex and expensive equipment.
Application of some of this equipment (for example, in nu-
clear magnetic resonance) is recommended only in case of
the impossibility of using any other method for determin-
ing the amount of the certain substance.

Most of the physical and chemical methods (extraction
weight, refractometry, etc.) used to quantify fat are from
second group. Their characteristic feature is a two-step pro-
cess — fat extraction from the object and the quantitative
determination. For fat extraction, various organic solvents
are used, i.e. gasoline, petroleum ether, diethyl ether, ace-
tone, chloroform, monobromo- and monochloronaphtha-
lene, tricresyl orthophosphate, etc. It should be kept in mind
that hydrophobic solvents (petroleum ether, gasoline, etc.)
extract together with glycerides somewhat less related sub-
stances. And their extraction is selective. Glycerides are ex-
tracted more rapidly, and phosphatides, free fatty acids and
oxidation products are extracted slower. In this regard, when
using a hydrophobic solvent, the fat extraction process lasts
for up to 2 to 3 days. To accelerate the process and extract the
glycerides and related substances from the test object more
completely, it is recommended to use hydrophilic solvents
(methyl and ethyl ethers, etc.) or a mixture of hydrophobic
and hydrophilic solvents (binary solvents) [6,7,8,9].

Methods

In practice, for lipid extraction, two basic routine ex-
traction methods are most often used, which allow to
extract lipids quantitatively from tissue and its fractions
of almost all biological classes. The most common is the
Folch method, according to which extraction is carried out
with a chloroform: methanol mixture (2:1) with 20 parts
of extracting mixture per one part of tissue. This method
allows to obtain a sufficiently high yield of neutral lipids,
diacyl glycerophospholipids and sphingolipids. Lysophos-
pholipids are transferred into the solution only partially,
and more polar acid lipids may be lost when the extract is
washed out with salt solutions and water. However, repeat-
ed extractions and restriction of washing allow to increase
the yield of lipids up to a quantitative level. Another meth-
od was proposed by Bligh and Dyer, when lipid extraction
is carried out with a chloroform: methanol mixture (1:1)
with two parts of the mixture per one part of tissue. How-
ever, even in this case, when washing out with water, the
most polar acid phospholipids and lysophospholipids are
transferred into the aqueous phase and lost.

Depending on the chemical nature of lipids, modified
extraction methods are used. By replacing the chloroform:
methanol mixture with a mixture of chloroform and 2%
solution of acetic acid in methanol, the yield of polar lipids
can be increased. Subsequently, for the same purposes, a
mixture of chloroform: methanol with IM HCI (4:2:3) was
used [10, 11].
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When extracting neutral and common lipids, non-
polar solvents such as chloroform, hexane, diethyl ether
are often used. Obviously, in this case, a lot of polar lipids
are lost.

For a more complete understanding the methodology
of the lipid extraction from raw materials and finished
products, the most commonly used methods are presented
below.

Gerber method is used to determine fat in semi-fin-
ished meat products (minced meat, semi-finished products
from minced meat), curd cheese, finished food products,
bakery products, milk and dairy products, dried foods for
children and healthy diet.

The method is based on the destruction of test product
proteins with concentrated sulfuric acid and the dissolu-
tion of fat in isoamyl alcohol. The ester formed in the reac-
tion of isoamyl alcohol with sulfuric acid dissolves in the
latter, which enables fat extraction. The resulting mixture is
centrifuged in the butyrometers. The separated fat layer is
collected in the graduated part of butyrometer and is quan-
titatively determined.

Determination of fat is carried out in milk or cream bu-
tyrometers, which differ in size and graduation. The level
of graduation mark in milk butyrometers is 0.1 %. In cream
butyrometers, the level of two graduation marks corre-
sponds to 1% fat in the product with a weight of 5 g. The
latter are used when the fat content in the product exceeds
10 %.

Weight or gravimetric method with fat extraction in a
microniser. The method is used for finished food products
and some canned products. Fat is extracted from the prod-
uct by grinding it in a microniser. After solvent distilling,
the dried fat is weighed [12,13,14].

Refractometry method is used to determine fat in fin-
ished and semi-finished bakery products, semi-finished
vegetable products, and canned products.

The method is based on the fact that when the fat is dis-
solved, the refraction index of the solvent decreases in pro-
portion to the amount of fat present in it. By the difference
between the refraction index of the pure solvent and the
fat solution, the mass fraction of the latter is determined.
The greater the difference between these indices, the more
precise the definition [15].

The method for fat determining with preliminary
starch hydrolysis is used to determine fat in finished and
semi-finished bakery products (GOST 31902-2012). It is
based on fat extraction by solvent from the sample pre-
treated with hydrochloric acid, removing the solvent and
weighing the fat.

For the qualitative oil determination, the following
characteristic reactions exist.

Test for acrolein. Two to three drops of the test sub-
stance (oil, extract after solvent distillation) are heated in a
test tube on a naked flame with 1.5 to 2 parts of anhydrous
sodium sulfate. After foaming, the appearance of heavy
white fume and pungent odor of acrolein causing lacrima-
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tion, indicates the presence of oil. Acrolein is unsaturated
aldehyde CH,=CHCHO formed from glycerin upon re-
moval of two water molecules. If the fume is transferred
to a test tube with Schiff’s reagent, then the latter becomes
of red color.

Test for saponification. Two to three drops of the test
substance are heated in a test tube with 5 cm® of alcohol-
alkali solution, then the alcohol is distilled. The remain-
ing product is dissolved in water (soap is soluble in water).
The addition of acid for acidic pH causes the formation of
aqueous solution of fatty acids floating on the surface.

Test with haloids. This reaction is qualitative for oils con-
taining unsaturated fatty acids. One or two drops of bromine
water is added in a test tube with a solution of oil and shook.
The rapid disappearance of yellow color of bromine water
indicates the presence of unsaturated acids [16].

Liquid extraction technique is used, for example, to
determine the fat content in various objects. Soxhlet ex-
traction is one of the most widely used analytical tech-
niques. In recent years, it has been significantly modern-
ized, in particular, the temperature of the solvent coming
into contact with the extracted substance was increased in
order to reduce the extraction time. The modifications pre-
sented by the American chemist, E. Randall, are among the
most effective ones in this respect:

Randall method consists of two stages: at the first stage,
the sample in the sleeve is placed in a boiling solvent, and
at the second stage, it is washed out with a solvent dripping
from the condenser. Rapid dissolution of the sample com-
ponents occurs in the first stage because of boiling solvent,
which greatly reduces the time required for the entire as-
say. Randall method also allows the solvent to be recovered
at the end of the extraction procedure.

Soxhlet extraction is a process of extraction of soluble
substances from solid materials. It was developed by the
German agrochemist Franz von Soxhlet in 1879. Soxhlet
method is dissolution of the extracted compound using
a cold solvent that drips from the condenser. Typically, a
complete extraction lasts for several hours [13,14].

Discussion

Most methods for determining lipids in food can be di-
vided into three groups.

The methods in first group are based on lipid extraction
from the test product by repeated extraction with a sol-
vent until the residual content in the product is negligible.
Then, the solvent is distilled from the obtained extract, and
the residue containing lipids is dried and weighed (weight
method of fat determining). This operation is usually car-
ried out in special extraction instrument, Soxhlet appara-
tus, that allows to produce repeated fat extraction with the
same portion of ether. Non-polar solvents are used for the
extraction, i.e. diethyl ether, hexane, petroleum ether.

The diverse nature of food products, which determines
the different strength of lipid bonding to other parts of
the product, affects the extraction efficiency. The meth-
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ods of this group allow to extract free and slightly sorbed
lipids from food products. Strongly bound lipids are not
extracted. In addition, solvents extract not only fatty acid
glycerides, but also a number of other substances, i.e. free
fatty acids; organic acids such as succinic, tartaric, citric,
and apple acid; phosphatides; sterols; essential oils; waxy
substances; resins; aldehydes; ketones; colorants. In view
of this, the product extracted by the solvents is not a pure
fat. That is why it is called «raw fat». Often the difference
between the weight of «raw fat» and the actual fat weight is
neglected. The amount of impurities in «raw fat» increases,
when you use non-dehydrated diethyl ether, which dis-
solves up to 2 % moisture. Such ether easily extracts sugars
contained in food raw materials (vegetables, cereals, etc.).
Alcohol contained in diethyl ether readily dissolves many
organic compounds. In view of this, diethyl ether used for
fat extraction is pre-washed out with water to remove alco-
hol and dehydrated with annealed calcium chloride. After
removing impurities, the ether is distilled.

To accelerate the extraction process and for complete
fat extraction, the test product is thoroughly ground and
dried, since the larger and moistier the particles, the more
slowly the fat is extracted. In addition, fat is not completely
extracted from moisty objects.

In this connection, and due to the significant oxidation
of lipids in the extraction process, more efficient extraction
methods were developed.

The methods in second group are based on the use
of a mixture of polar and non-polar solvents for extrac-
tion. In this case, polar solvent (usually methanol or etha-
nol) breaks the bonds of lipids to proteins and other food
components, and nonpolar solvent (chloroform, benzene,
petroleum ether) directly dissolves the lipids. The most
widely used mixtures are chloroform: methanol (2:1) and
chloroform: ethanol (2:1). However, in contrast to the
methods of the first group, such binary mixtures extract a
significant amount of non-lipids (up to 25 % of the amount
of extractable substances). Therefore, in many cases, it be-
came necessary to remove these non-lipid substances by
re-dissolving in chloroform or washing out with a 1% solu-
tion of NaCl or KCL

The methods in third group provide lipid extraction
from food products after acid or alkaline hydrolysis. In
this case, the food product is hydrolyzed by an aqueous
or alcoholic solution of alkali with heating. After alkaline
hydrolysis, the soaps obtained are decomposed by the acid
solution, and released fatty acids are extracted with ether
(petroleum, diethyl ether) and are purified by filtration.
After the ether is distilled, the weight of fatty acids is deter-
mined, which is recalculated into fat weight. Theoretically,
this method is unable to extract lipids in their native state.
Therefore, their content in food is evaluated by the amount
of fatty acids and unsaponifiable substances released from
the hydrolysate. This group of methods includes the acid
method of fat determining in milk, dairy products and
canned foods with butyrometer. Fat is extracted by the con-
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centrated sulfuric acid with heating. The mixture is centri-
fuged. In this case, the fat is transferred into the phase of
the isoamyl alcohol added. The volume of the released fat is
measured in the graduated part of butyrometer.

The methods in first group are not recommended for
the products rich in phospholipids firmly bound in cells
(some fish species), but are suitable for foods with a pre-
dominant triglyceride content, i.e. oil seeds.

The methods in second group, almost in all cases, allow
obtaining reliable quantitative results, but they are relative-
ly labor-consuming and not always suitable for large-scale
routine analyzes.

The application of the third group methods does not
lead to the extraction of natural lipids, but in most cases al-
lows obtaining results that closely correspond to the results
obtained by the methods of second group. Their advantage
is the use in large-scale routine analyzes [17,18].

Determination of fat by continuous extraction
(Soxhlet method). Fat is extracted from the test product
with diethyl ether in a Soxhlet apparatus consisting of ex-
tractor with siphon tube, ball-shaped reflux condenser, and
receiving flask. A sample of a thoroughly ground product
in an amount of 5 to 10 grams (depending on the expected
fat content in the product) is weighed with an accuracy of
0.0001 g and transferred into a filter paper cartridge. Be-
fore extraction, the sample of the product is dried at a tem-
perature of 100 to 105 °C for 2 hours.

To make a filter paper cartridge, a rectangular piece
of filter paper is wrapped several times around a wooden
blank or glass cylinder, whose diameter is somewhat small-
er than the diameter of the extractor. The part of the paper
protruding beyond the edge of the blank for the length of
its diameter is folded forming the cartridge bottom. A cir-
cle of filter paper and a piece of fat-free cotton wool are
put on the bottom. The sample in the cartridge is closed
from the top with a circle of filter paper and a piece of fat-
free cotton wool. Free edges of the cartridge are folded. The
height of the cartridge should be 10 to 15 mm below the
upper bend of the extractor siphon tube.

Cartridge with sample is placed in extractor, which is
connected to receiving flask dried up to a constant weight
and condenser. The flask is previously filled up with dried
distilled diethyl ether to 2/3 of its volume. The water is
passed through the condenser, and the flask with dieth-
yl ether is heated on a water bath with closed electric or
steam heating on a special closed electric heater. The water
temperature in the bath should not be higher than 60 °C.
The solvent vapor formed in the flask during boiling go
into the condenser. There it condenses into a liquid that
drips down into the extractor, where the cartridge with the
product sample is located. When the level of solvent in the
extractor rises slightly above the upper bend of the siphon
tube, the ether with dissolved fat flows into the receiving
flask. After that, the entire process is repeated again. An
example of equipment for fat extraction using Soxhlet
method is shown in Figure 1.
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Figure 1. An instrument for extracting fat by Soxhlet method:
A — automatic extractor; B — sample extraction

Fat is extracted for 10-12 hours, while the heating and
boiling of the ether should be adjusted for 6 to 8 drains per
hour with an extractor volume of 100 ml. For a more com-
plete fat extraction, the sample of the product is placed into
the solvent for 6-8 hours before the extraction. The infu-
sion is performed in the extractor filled with ether below
the siphon tube.

When the extraction is completed, the cartridge with
the sample is removed from the extractor and the solvent
is distilled from the receiving flask into an empty extrac-
tor. The residual fat in the flask is dried in a desiccator to
constant weight at a temperature of 100 to 105 °C. For the
first time, the flask with fat is weighed after 1 hour of dry-
ing and then every 0.5 hours. Before weighing, the flask is
cooled down in a desiccator for 30 to 35 minutes and then
weighed with an accuracy of 0.0001 g.

The amount of fat (X,%) is calculated by the following
equation:

X=(G-G)-100/g
where G is the weight of the flask with fat, g;
G, is the weight of the empty flask, g;
g is the weight of the test product sample, g.

The final result is expressed as the arithmetic mean of
two determinations. The difference between two parallel
determinations should not exceed 0.3 %.

Completeness of fat extraction from the sample of the
test object should be verified as follows. Apply a drop of
miscella (solvent) on a clean, degreased glass. Upon the
complete fat extraction, a greasy stain should not appear
on the glass after evaporation of the solvent [19,20,21].

Determination of fat by infusion with solvent. A sam-
ple of the test product in an amount of 2 g is weighted with
an accuracy of 0.01 g in a conical flask with volume of 50
to 100 ml. Then, 10 ml of a solvent (gasoline or dichloro-
ethane) are added, the flask is closed with a cork stopper
and weighed again to determine the solvent weight. Fat is
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extracted for 1 hour, while periodically shaking the sam-
ple with the solvent. Then, the contents of the flask are
filtered through a paper filter into a dry flask previously
weighed with an accuracy of 0.001 g. The flask with filtrate
is weighed with an accuracy of 0.01 g and the filtrate weight
is determined by the difference.

The solvent is distilled on a sand bath with appropriate
precautions. The flask with the residue is placed in a desic-
cator and dried at a temperature of 100 to 105 °C. Then, the
flask with fat is cooled down in a desiccator and weighed
with an accuracy of 0.001 g.

The fat content (X,%) is determined by the following
equation:

X=G-G,-100/(G,—G) g
where G is the amount of solvent, g;
G, is the amount of fat, g;

G, is the amount of filtrate, g;
g is the weight of the test product sample, g.

The final result is expressed as the arithmetic mean of
two determinations. The difference between two parallel
determinations should not exceed 0.3 % [22].

Determination of fat by refractometry method. The
method is based on the determination of refraction index
of a fat solution in a-monobromonaphthalene, motor oil
or a mixture of monobromonaphthalene with motor oil,
by which fat is previously extracted from the test product.
Dissolving fat in any of these solvents causes a decrease
in refraction index of the latter directly proportional to fat
concentration in the extract.

a-Bromonaphthalene has high refraction index of 1.65;
it is slightly volatile and does not dissolve water. All these
properties make it the most suitable solvent for determin-
ing the amount of fat using a refractometer. When per-
forming the analysis, a universal refractometer with a scale
graded up to nD = 1.75 is used. A sugar refractometer with
a scale of only up to nD = 1.54 is not suitable for working
with monobromonaphthalene.

Method for determination of fat with monobromon-
aphthalene as a solvent. A sample of a thoroughly ground
product in amount of about 2 g is weighted with an accu-
racy of 0.0001 g in a small porcelain mortar (not more than
5 ¢cm in diameter), 1.3 ml of fine annealed sand are added,
and about 6 g of monobromonaphthalene is weighted with
an accuracy of 0.01 g. The sample with sand and solvent is
thoroughly pestle for 5 minutes. Then, the contents of the
mortar are transferred to a small folder filter with diameter
of 7 cm. The fat extract obtained after filtration is collected
in a small laboratory glass.

After stirring the extract with a glass rod, 2-3 drops of it
is applied to the refractometer prism and the refraction in-
dex is determined. Determination of refraction is repeated
at least 3 times with new portions of the extract and arith-
metic mean is calculated.

The refraction indices of pure monobromonaphthalene
and the fat extract are determined at the same temperature.
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The temperature during the determination is kept constant,
which is achieved by passing water through the prism casing.

The amount of fat (X,%) is calculated by the following
equation: X =10*-a-(H - H)- g/ g, where His the refrac-
tion index of pure solvent; H is the refraction index of the
fat extract; g is the weight of the solvent, g; g is the weight
of the test product, g; a is the ratio of the fat percentage in
the solvent to the difference between the refraction indices
of the solvent and the fat extract. For food concentrates, a
is 0.0368 [17]. When calculating fat percentage, the refrac-
tion index and the fat density indicated in Table 1 are used.

Table 1. Values of refraction index n”, and fat density [23]

Refraction index

Fat type D Density, g/cm®
i 20
Sesame oil 1.4730 0.919
Sunflower oil 1.4736 0.924
Butter 1.4605 0.920
Margarine 1.4690 0.928
Peanut butter 1.4696 0.914
Mustard oil 1.4769 0.918
Confectionery fat 1.4674 0.928
Soybean oil 1.4756 0.922
Corn oil 1.4745 0.920
Phosphatide concentrates 1.4746 0.922
Cooking fat 1.4724 0.926
Hog grease 1.4712 0.917

Method for determination of fat using motor oil or a mix-
ture of monobromonaphthalene and motor oil as solvents.
About 5 grams of well-ground product is weighed with
an accuracy of 0.01 g into a small porcelain mortar and
4 grams of motor oil or a mixture of 25 volume parts of
monobromonaphthalene and 75 volume parts of motor oil
are added. Then, 3 g of fine annealed sand are introduced
into the mortar and the resulting mixture is thoroughly
ground for 5 to 10 minutes. Longer grinding is recom-
mended for food concentrates with meat [24].

When mixture of monobromonaphthalene and motor
oil is used as a solvent, the ground mass is transferred from
the mortar to a folded filter, 2 to 3 drops of the filtered fat
extract are applied to refractometer prism and the refrac-
tion index is determined. In the case of using motor oil
as a solvent, the mixture in a mortar is pestle with heat-
ing, while immersing the mortar in a vessel with hot water.
The ground mass is transferred from the mortar to a filter
of two gauze fabric layers with a thin interlayer of cotton
wool. Then, several drops of fat extract are squeezed out,
cooled, applied to the refractometer prism and the refrac-
tion index is determined.

The fat content is calculated by the equation given in
the procedure for determination of fat with monobromon-
aphthalene as a solvent. Value of a is equal to: in the case
of using the motor oil, 0.3; in the case of using the mixture
of monobromonaphthalene and motor oil, 0.19. The dif-
ference between two parallel determinations should not
exceed 0.3 % [22].
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The refractometry method of determining the amount
of fat is one of the most rapid methods. It is widely used in
analysis of food concentrates and other products contain-
ing fat.

Determination of fat by centrifuging. The method
is used to determine fat in dried dairy products, i.e. milk,
cream, butter, as well as in egg powder and milk formu-
las for infants. In this method, the test product is treated
with concentrated sulfuric acid in the presence of isoamyl
alcohol with heating and centrifuging. Under the action
of sulfuric acid, the protein of dairy products is converted
into a soluble compound with chemical formula: H,SO -
NH,R(COOH), resulting in fat separation. The isoamyl-
sulfuric ether formed by the addition of isoamyl alcohol
reduces surface tension of fat globules and promotes their
aggregation. Heating and centrifuging accelerate this pro-
cess. Glass instruments, butyrometers, are used for deter-
mination, in the graduated part of which the separated
fat is collected. The volume of fat is measured directly on
the butyrometer scale. Butyrometer, or a lactoscope, is de-
signed to determine fat mass fraction in milk and dairy
products. The most common butyrometer for milk is a
glass cylindrical vessel with a scale, on which the amount
of fat in milk is determined: one graduation mark is 0.1%
by mass.

The determination procedure is given for dried dairy
products. Butyrometers for cream or milk may be used
(Figure 2).

Figure 2. Butyrometers

Determination of fat in a cream butyrometer (for analyz-
ing dried whole milk, dried cream, dried butter). A sample
of 2.5 g (dried milk, dried cream) or 2 g (dried butter) is
weighed with an accuracy of 0.01 g in 25-50 ml labora-
tory glass with a spout. Then, 4 to 5 ml of sulfuric acid are
added (relative density 1.5 to 1.55) and thoroughly ground
with a glass rod. The resulting homogeneous mass is quan-
titatively transferred through a small funnel into the bu-
tyrometer and the glass is washed several times with an
acid of the same density in 3 to 4 ml portions ensuring that
the total volume of acid in the butyrometer is 18 to 19 ml,
and the content of the butyrometer is 7 to 8 mm below the
neck. Then, 1 ml of isoamyl alcohol is added.

The butyrometer is tightly closed with a dry rubber
stopper, wrapped with a towel to protect the hands from
heat and vigorously shaken while holding the stopper and
at the same time turned over several times for better mix-
ing the contents. Then, the butyrometer is placed with a
stopper down into a water bath at a temperature of 65 to
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70 °C, while the water level in the bath should be slightly
higher than the liquid level in the butyrometer. After com-
plete dissolution of the protein substances of the product,
about 7 to 8 minutes, butyrometers are removed and fat
fraction is placed in the graduated part by turning the
stopper upward or downward. Then, the butyrometers are
placed symmetrically into the centrifuge with narrow ends
toward the center and centrifuged for 5 minutes at 800 to
1000 rpm (500 to 1000 g).

After that, the butyrometers are put again in a wa-
ter bath at a temperature of 65 to 70 °C for 5 minutes,
re-centrifuged for 5 minutes and after staying in bath
for 5 minutes at the same temperature, the number of
graduation marks occupied by the fat is quickly counted.
When counting, the butyrometer is held upright against
the light. For convenient reading, the lower boundary of
fat is placed on any graduation mark by stopper. The fat
percentage is calculated by multiplying the butyrometer
reading by 2 when sample weight is 2.5 g and by 2.5 when
sample weight is 2 g. Fat is determined in two parallel
samples. The difference between two parallel determina-
tions should not exceed 0.5 %.

Determination of fat in a milk butyrometer. When analyz-
ing whole and skim milk or dried cream, the sample of the
product is weighed in an amount of 1.5 g with an accuracy of
0.01 g in 25-50 ml laboratory glass with a spout, 4 ml of hot
water with a temperature of 70 to 75 °C are added, the mix-
ture is thoroughly ground and the resulting homogeneous
product is transferred without losses through a small funnel
into a butyrometer, in which 10 ml of sulfuric acid with rela-
tive density of 1.81 to 1.82 g/cm’ are preliminarily added. The
glass is washed 2 times with distilled water in 3 ml portions,
while adding it to the contents of the butyrometer. Then,
1 ml of isoamyl alcohol is added. In all other respects, the
analysis is performed as described above. When analyzing
dried skim milk, threefold centrifuging is used.

The fat content (X,%) is calculated by the following
equation:

X=a-K/g
where a is the butyrometer reading;

K, is the coefficient for translating the butyrometer readings

into percentages;

g is the weight of the product.

The difference between parallel determinations should not
exceed 0.5% [25,26,27,28].

To determine fat in dough and finished products, the All-
Russian Research Institute of the Bakery Industry, Moscow,
Russia, developed rapid butyrometric method. It is based on
dissolving the sample in 60 % sulfuric acid and determining
the fat in milk butyrometer by centrifuging in the presence
of isoamyl alcohol, which forms isoamyl sulfuric ether with
sulfuric acid. The former reduces the surface tension of fat
globules and promotes their aggregation into continuous fat
layer. When analyzing finished products, all inclusions and
surface finish are removed, while analyzing only the crumb.
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Two average samples of 2 g each are taken from dough or
finished products. They are carefully ground to better dis-
solve starch and protein in sulfuric acid. At the same time,
samples are taken to determine the moisture content of the
dough (by the VNIIHP-VC instrument, Chizhova’s device)
and finished products. Dough or finished product samples
are placed in porcelain cups with volume of 20 to 30 ml and
9 ml of 60 % sulfuric acid are added. The cups are immersed
in a water bath with a water temperature of 80 °C and the
samples are dissolved in sulfuric acid for 20 minutes with
periodic stirring with a glass rod. After dissolving the sam-
ple, the dark liquid is transferred to the milk butyrometer by
means of a glass rod, and the residue is washed out from the
cup with 10 ml of 60 % H,SO,.

Carefully, not to soak the neck, 1 ml of isoamyl alcohol
is added into the butyrometer, which is then tightly closed
with rubber stopper. The mixture is gently stirred for 3
minutes and the butyrometers are placed in a water bath
with a water temperature of 80 °C for 5 minutes (with stop-
per down). After 5 minutes, the butyrometers are removed
from the water bath, placed in a Gerber milk centrifuge
and centrifuged for 5 minutes at a speed of 1200 rpm. After
centrifuging, the butyrometers are again placed in 80°C
water bath (with stopper down) for 5 minutes. Then, they
are remove and the height of yellow fat layer above the
dark liquid is measured according to the number of small
graduation marks on the butyrometer graduated part [29].

The method for determination of fat content by the
fat-free residue (according to Rushkovsky). The amount
of fat in the product is determined by decreasing the weight
of the dried sample after extraction with the solvent. Test
sample of 2 to 5 g weighed with an accuracy of 0.001 g is
dried in a desiccator at a temperature of 100 to 105 °C and
transferred to a bag of filter paper with a size of 8 x 9 cm.
Weighing cup walls are wiped with a small amount of cot-
ton wool wetted in ether. Cotton wool with sample is put
into a bag of filter paper. The bag with sample is put into
the second bag with a size of 9 x 10 cm so that the folding
lines do not match, and tied with a thread. The outer bag
is numbered with a simple graphite pencil, placed in the
same weighing cup, in which the sample was previously
dried, and placed in desiccator. The sample is dried to a
constant weight at a temperature of 100 to 105 °C. The sam-
ple may be dried directly in the bag. The dried bag with the
sample is placed in the extractor of the Soxhlet apparatus.
Several bags may be placed in one device provided that
they are completely immersed in ether and well washed by
it. Extraction time is 10 to 12 hours. The end of the process
is established as follows. The drop of the solution (miscel-
la) flowing from the extractor is applied to a watch glass.
Upon full fat extraction, there should be no greasy stain
on the glass after evaporation of the solvent. Bags with fat-
free sample are transferred into the same weighing cup
and held in exhaust fume hood for 20 to 30 min to remove
ether, and then dried in a desiccator at 100 to 105 °C to con-
stant weight. The duration of the process is 1 to 3 hours.
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The fat content (X,%) is calculated by the following
equation:
X=(m,-m,)-100/g
where m, is the weight of the dried weighing cup, the bag and the
sample of the product before extraction, g;
m, is the weight of the dried weighing cup, the bag and the
sample of the product after fat extraction;
g is the weight of the sample.
The difference between parallel determinations should not
exceed 0.5% [30].

Randall method. As the process in the Soxhlet extrac-
tor, the method is carried out in 3 stages: extraction, wash-
ing out and drying (Figure 3).

Outlet to
container
with solvent

T

Cup with
sample

A48

Figure 3. The apparatus for extracting fat by Randall method [31]

A cup with sample is placed in a solvent. The solvent is
heated. The solvent vapor is transferred to condenser. Then,
condensed solvent drops enter the cup with sample. The
sample is extracted and the solvent with the analyte is col-
lected in the sample cup. Washing out consists of 2 stages:
« the solvent is evaporated and collected in a special con-

tainer until the sample level is above the solvent level;
« the solvent remaining in the cup is evaporated; after

condensation, the solvent enters the cup with the sam-
ple carrying out the washing.

The drying stage is similar to the Soxhlet method. The
solvent remaining in the cup is evaporated and enters the
container with a solvent. The analyte remains in the cup,
and the residual sample remains in the cup.

Twisselmann method (cost-efficient continuous ex-
traction). Extraction by Twisselmann method is a cost-
efficient alternative to Soxhlet extraction, which allows to
reduce analysis time and solvent costs. The extraction pro-
cess is about 60 minutes.

The principle of Twisselmann extractor (cost-efficient
continuous extraction): in contrast to the methods consid-
ered earlier, it is carried out in two stages: extraction and
drying (Figure 4).

Extraction. The solvent is placed in a cup and is heated.
The solvent vapor passes through the extraction chamber
with the sample and enters the condenser. The condensed
solvent drips into the extraction chamber with the sample
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Condenser

Outlet to
container
with solvent

N

Extraction
chamber
with sample

Cup

Figure 4. The apparatus for extracting fat by Twisselmann method [31]

where the extraction process proceeds. Simultaneously, the
solvent with the analyte is transferred from the extraction
chamber to the cup with solvent. The extraction time is set
preliminarily.

Drying. At the drying stage, the cup with the solvent is
heated, the solvent is evaporated and collected in a suitable
container [32, 33].

Conclusion

Determination of fat content in food raw materials, as
well as the determination of fat content in food products,
is the urgent analytical problem for control laboratories of
industry and regulatory bodies. Increasing requirements
for the quality and safety of food, as well as the reproduc-
ibility and effectiveness of traditional fat extraction tech-
niques force modern laboratories to search for different
methods for extraction and analysis of fats.

Extraction of individual lipids from the raw material
usually involves several steps. The first step is the destruc-
tion of the tissue by grinding of dried raw material, followed
by the extraction of neutral lipids, and then the extraction of
total phospho- and glycolipids followed by fractioning and
extraction of pure substances. The degree of lipid extraction
depends on the grinding of raw material. Polar solvents,
such as methanol and ethanol, which destroy hydrogen
bonds and weaken the electrostatic interaction of lipids with
proteins, are most effective in extracting the lipids. The use
of alcohols for the extraction of phospholipids is also conve-
nient because the former deactivate the majority of lipolytic
enzymes that cause lipid degradation. The extraction time
and completeness, as well as the method and conditions, are
determined in each particular case [34].

Thus, in this review, the authors attempted to highlight
all available and well-known methods for lipid (fat) extrac-
tion from various biological matrices of both plant and
animal origin.
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VHOVNTEHHBIX MOJIOYHOKINC/IBIX BAKTEPVIN,
IHOJIVYEHHBIX C TYII KPYIIHOTIO POTATOI'O CKOTA
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Kntouesvie cnosa: 6axmepuoyutsl, aHmudUomuKope3ucmeHmHoCmb, MOLOYHOKUCTIbIE OaKmepuu, XansnvHolil y6oii,
Salmonella typhimurium, msico

AHnHomauyus

Hccnedosarnvr myuiu kpynnozo pozamniozo cKOma pumyanvroeo y6os (xananv) ¢ 1amepanvHoli u MeOUanvHoli CropoHbL ¢ ye-
JIb10 BbLABNIEHUS UHOULEHHBIX UWIMAMMOB MOIOYHOKUCTIBIX MUKPOOP2AHUZMOS, CNOCOOHBIX NPOOyuUposams 6axmepuouuHoL.
W3 36 wumammos MUKpoOOp2aHUu3MO8, 6bl0eTIEHHbIX U3 CMbLE06, OMOOPAHHBIX C MYUL, MONbKO 14 6binu UCN0Nb306aHbL 071 0ab-
Hetiuiezo Uccne008aHus u uoeHmuduuuposanvt kax monouroxucnvie 6axmepuu (MKB). IIpu usyuenuu ux 6axkmepuonyurozen-
HOCMU Nno Memoouxe 08YXCOUHbIX A2APO8 MOOUPUUUPOBAHHO20 COCMABA, ObLla 00KA3AHA BbICOKAT uHeUOUpylouas spgex-
MUBHOCMb 6 OMHOUEH UL POCMA NAMozeHH020 mukpoopeanusma Salmonella typhimurium, monvko 6 évl0eeHHbIX UMAMMOE
MOZOYHOKUCTIbLX bakmeputi. VIchonv3oeanue 0aHHO020 Memo0a OUeHKU NO360/IUM He MOIbKO 6biA6UMb HANUYUe CHOCOOHOCHIU
MKB npodyuyuposams 6axmepuouitvl, HO U USYHUMb UX AHMAOHUCTIUYECKYI0 AKINUBHOCHb 6 OMMHOUWEHUU MHOUX U3YYde-
MBLX MUKPOOP2AHU3MOB, KOMOPble ABTIAOMCT UHOUKAMOPAMU COONIO0EHUS PASTUHDLX PEHUMOB MEXHOTI0ZUHECKUX NPOUECCOB.
Hanuuue maxux Mukpoopeanusmos 6 msace N0360/IUM Y6eNUHUMb CPOK XPAHEHUS MACA, 3 CHern No0As/IeHUs pocma 0u3Ko-
pOOcmBeHHbIX 1aKMOOAYUNT, HEKOMOpPble U3 KOMOPLIX SEIITIOMCT MUKPOOP2AHUSMAMU NOPUU, 4 MAKie POCH YCI08HO-Nd-
mozenHoli U namozeHHoti Mmuxpodnopot. Kpome smozo, npumererue Mono4HOKUCTbIX OaKmeputi, 0671a0arusux 6axmepuoni-
HO2eHHOCMDbI0, 8 MEXHOI02UU NPOU3BO0CNEA CHIPOKONUEHBIX KONOAC NO360IUM CHUSUMb PUCK NPOU3E00CEA Hebe30NaACHOT
npodyxuuu. Takum ob6paszom, Hanuuue 6 mace unouzenHvix MKD sensemcs 0ononHumenvHuim Gakmopom, obecnedusarouyum
npomexarue xenamenvHolx OUOXUMUHECKUX NPOUECCO8 U 6e30NACHOCb ChIPOKONYEeHbIX KOAbAC.
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ASSESSMENT OF THE BACTERIOCINOGENICITY
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Abstract

Cattle carcasses of ritual slaughter (Halal) from the lateral and medial side were investigated in order to identify the indigenous
strains of lactic acid microorganisms capable of producing bacteriocins. Only 14 strains, from 36 strains of microorganisms isolated
from washings taken from carcasses, were used for further research and identified as lactabacilus. In the study of their bacterio-
cinogenicity by the method of two-layer agars of modified composition, high inhibitory efficiency was proved with respect to the
growth of the pathogen Salmonella typhimurium, only 6 isolated strains of lactabacilus. The use of this method of evaluation will
not only reveal the presence of the ability of the lactabacilus to produce bacteriocins, but also to study their antagonistic activity
against many of the studied microorganisms, which are indicators of compliance with various modes of technological processes.
The presence of such microorganisms in the meat will increase the shelf life of meat, due to the suppression of the growth of closely
related lactabacilus, some of which are spoilage microorganisms, as well as the growth of opportunistic and pathogenic microflora.
In addition, the use of lactabacilus with bacteriocinogenicity in the production technology of raw sausages will reduce the risk of
production of unsafe products. Thus, the presence of indigenous lactabacilus in meat is an additional factor that ensures the flow
of desired biochemical processes and the safety of raw smoked sausages.

BBenenue

B HacTosmiee BpeMs BO BCeM MUpe KOJIOCCAIbHOE
BHUMaHNe YHeNAIT O0e30MacHOCTY MNMIIEBBIX IpPO-
nykroB. Ocoboe MeCTO 3aHMMaeT 3allUTa HPOJYKTOB
MUTaHUs OT BO3MIEVCTBUS KCEHOOMOTUKOB, K KOTOPBIM

OTHOCAT ¥ MMKPOOHBIE KOHTAMMHAHTBI, OCOOEHHO
nmaToreHHole OakTepun. ObecrnedeHre MMKpoOOMOIIO-
TUYeCKOll 0e30IacCHOCTU IPOUZBOAMMON IPOJYKIVIN
SAB/ISETCS IPUOPUTETHBIM HAINlpaBeHNEM INIEBO
OTpAC/IN.
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B COBOKymMHOCTM C HepOTOKCHYeCKMM 3ddeKToMm,
BO3HMKAIOIIVIM B pe3y/ibTaTe BO3JENCTBIUA OKPY Kalolleil
Cpenbl, KOHTAMUHVMPOBAHHAsI MAaTOT€HaMV INIA HeceT
OOJIBIIYIO ONTACHOCTD JJISI 37J0POBbsI YeTIOBEKA.

HecMmoTps Ha BHepeHMe pa3lINYHBIX IPOrpaMM Ipe-
[OTBpallleHNs MUKPOOHON KOHTaMuHaUuUy ¥u OOpbOBI
C IATOTeHHBIM) MUKPOOPraHM3MaMu — IpobjeMa He Te-
psieT cBoeit akTyaabHOCTY. CUTYAIVsI OTATOI[AETCs BO3-
pacraonieil yCTOM4YMBOCTbIO psAfia ITIATOTEHOB K XMMuIYe-
CKVUIM BellleCTBaM, B T.4. K aHTHOmoTukam [1].

B cBsA3U ¢ BbIsAB/IEHNEM aHTUOMOTUKOPE3UCTEHTHO-
CTM NAaTOTeHHBIX MMKPOOPTaHM3MOB, OOHApY)XEHHBIX
B IIMIIEBBIX IPOAYKTAX, IPEAIAraloTCsl pa3Hble IOXObI
JUISL CAeP>KMBAaHUA MX pasMHOXxeHUsA. OcobeHHO cTpe-
MUTE/IbHOE Pa3BUTHE IOMYIMIN OMONTOrMYecKue MeTo-
Ibl. 3a pyb6eXoM aKTUBHO IIPUMEHSIOT OGakTepuodari.
[IpyyeM MO3MLMOHMPYIOT MX KaK aJbTepHATUBHbIE XN-
MIYECKMM BelleCTBaM CpelcTBa 60pbOBI C IMaTOreHaMu
U KaK areHTOB, NPOJIEBAIOIINX CPOKM TOLHOCTY IIPO-
nykuun [2,3,4].

Cpenu mpounx 6monorndecknx Mep 60pbObI ¢ marore-
HaMl — MCIIO/b30BaHMe GaKTepHonMHOB. bakrepymonn-
HBl — aHTMOMOTMKONO/OOHbIE BelljecTBa, 00aaoe
OGaKTepUIUTHBIM WIN OaKTepuocTaTnieckuM apdexTom,
ObUIN OTKPBITHI B cepefiuHe 1960-X rofioB, TOra ske Hava-
JIUCDh VICCTIefOBaHMA UX cBONCTB. HecMoTps Ha 6oraryio
VICTOPMIO M3y4eHNs 6AKTepMOLVHOB, VX ITOTEHIUA elle
He TIOTHOCTBIO pacKpbIT. COBPEMEHHBIN BBICOKMII yPO-
BEHb IMarHOCTMYECKVX BO3MOXKHOCTEl 103BOJIAET Horee
I1y60KO M BCECTOPOHHE M3y4aTh CBOVICTBA GaKTepyoLy-
HOB. BaKTepUOLVIHbI — 9TO TeTepOreHHbIe MeNTU/bI, BbI-
fieTisieMble PasIMYHbIMU MIKPOOPTaHU3MaMI, B T.4. I MO-
JIOYHOKUCTIBIMU OaKTepusiMu [5].

MexaHusm peiicTBMA OAaKTEPMOLMHOB B OTHOLICHVN
[IATOTEeHHBIX MMKPOOPTaHM3MOB CBSI3BIBAIOT C Hapylie-
HY/eM MPOHMUIIAEMOCTY LVTOIUIa3MaTHYeCcKoll MeMOpa-
HBI MTOC/IEHNX. BaKTeprOUMHBI MPUHATO pasfeniTh Ha
JiBa KJlacca — JIAHTUOMOTUKM — HENTHUAbI, COfiepIKalie
HEeOOBbIYHbIe aMMHOKMCIOTBI (HampyMep, JaHTUOHVH)
Y KOPOTKVE TePMOYCTOIYMBBIE IIONMUIIEITHBI, He COfep-
Kalllye TaKMX aMMHOKMUCIIOT. PAJ aBTOPOB CK/IOHAIOTCA
K MHEHMIO, YTO STY HeNTUABl 00/1a/JaloT CIIOCOOHOCTHIO
006pa30BBIBaTh MOPHI B LIUTOIUIA3MATUIECKOI MeMOpaHe,
B pe3y/bTaTe 4Yero MPOMCXOAMUT IU3NUC KIETKM MaToreHa
[6,7,8,9,10].

Hawuboree n3BecTHBI 6aKTepUOLH — 9TO HU3MH, KO-
TOPBIN CMHTE3UPYETC KOKKOBBIM IITaMMOM Streptococcus
lactis. B HacToA1Iee BpeMs HU3MH UCIONB3YIOT B Ka4ecTBe
KOHCepBaHTa Py IPOU3BOJCTBE HEKOTOPBIX IMIIEBBIX
mpopykros [11].

JlnA MACHOJ IPOMBIIIEHHOCTY, B KayecTBe IPOAY-
LIeHTOB OaKTepyOLHA, HaNOOIbIINIT MHTEPEC IPECTaB-
JIIIOT MUKPOOPTaHU3MBbI, COCTAaBJIAIINE HENTaTOTeHHBIN
I/ MHAUTEHHO MUKPODIOpHI.

TakuMm 06pa3oM, LielbI0 HACTOSALIETO MCCIEHOBAHUA
ABJIAVIOCH BBIABJICHME VM VM3Yy4YeHNe MH[UTEHHBIX MOJIOY-
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Hoknmcbix 6akrepuit (MKB) Mukpo6moma Tyur KpymHoro
pOraToro CKOTa pUTyajbHOro yOos (Xaisib) JJIA OLeHKN
UX 6aKTepPMOLTHOTEHHOCTN.

OO0BEKTHI I METOBI

O6bekTaMy UCCIE[OBAHNS SAB/IANCh CMBIBBI, OTO-
OpaHHbIe C JTaTePaTbHON ¥ MeIMAIbHOM CTOPOHBI Iepef-
Hell YeTBEPTMHBI TYLI KPYIHOTO POTaTOTO CKOTa Cpasy
nocre. [l MCK/TI0YeHVsI KOHTaMUHALIUY TYII CTOPOHHM-
MM MMKpPOOpTraHM3MaMM, KOTOpble MOTYT ObITh BHECEHDI
HOCPEACTBOM CYXOil M/MIM MOKpOit 06paboTkm, 3abop
CMBIBOB OCYIIECTB/ISA/IN C IOBEPXHOCTY TYII Xa/Is/IbHOTO
y6o0s1. ITpu xansanpHOM y60e He UCIIONb3YIOTCS OIlepariun
MOJIKM Ty, 671arofaps 4eMy He IPOVCXOANUT M3MEHEeHMe
MICXOZHOTO MUKpo6uoma. CMBIBBI OTOMpANy ¢ ABYX 30H
TPYAHOTO U pebepHOro OTpyOOB KaXK[OVl MOMTYTYLINM KaK
C BHYTPEHHeJ, TaK M C BHEIIHeil IOBepXHOCTU. 3abop
CMBIBOB OCYIECTB/LSIIM CTEPUIBHBIMU TyOKaMm, CMO-
yeHHBIMU 10 cM? PU3MOIOIMYECKOTO PacTBOPA, C KXKHOM
30HBI IUIOMIA/IbI0 He MeHee 100 cm?. 3aTeM rybkm mome-
Iaay B CTEPWIbHBIN ITaKeT, KoOaBnamm 3abydepeHHyo
HENTOHHYI0 Bo#y 06beMoM 90 cM® U IOCpefcTBOM psifia
IleCATUKPATHBIX Pa3BefieHN T IIPOM3BOAVIIN IIOCEB B ITUTA-
Te/bHble cpeibl. [I0CKOTbKY 1ie/Iblo Halllell paboThI SIBII-
JIOCh U3y4eHMe 6aKTepMOLMHOTEHHOCTY MOIOYHOKIICIIBIX
6akTepuii, IEPBUYHOI 3aauell VICC/IeTOBaHMs ObITIO BbI-
memutbh MKB ¢ o6bexTa uccnenoBanus.

[l ceneKumm MOIOYHOKMCTIBIX MUKPOOPTaHN3MOB U3
IIOJTy9€HHBIX CMBIBOB, ObLI IPUTOTOBJIEH P IEeCATUKPAT-
HBIX pasBeleHMil ¥ IPOBE/IeH VX MOCEB B IVIOTHYIO IUTA-
TenbHYI0 cpeny MRS rny6unubiM MetogoMm. [ToceBbr uH-
KyO1poBau B TedeHne 3 cyt mpu temieparype (30+2) °C.
ITo oxoHYaHUIO MHKYOMpOBaHuA, yamky [lerpu mpocma-
TPUBAIY Ha IPEAMET BbISABICHNUSA KOJIOHMI C TUIINYHBIM
JUIA MOJIOYHOKMCTIBIX MMKPOOPIaHM3MOB POCTOM (MMe-
fomyx (GopMy IMH3BI WIN 3Be3A4YaTyio GopMy) C Lie/IbIo
orbopa MX I JabHENIIero MCClIefoBaHnA. TUINYHbIe
KOJIOHUM IlepeceBain B XXIUAKYI0 cpeny MRS-6ynboH, rae
B OITMMA/IbHBIX YCTIOBUAX Ipu Temmeparype (30+2)°C
IpPOBOAV/IM HaKoIUIeHMe Omomacchl KieTok. Hammunme
pocTa MUKPOOPTaHM3MOB OIIpEle/IA/IN 110 MOMYTHEHUIO
Oy/1boHa B HIDKHEI yacTy npo6upku. [TomyTHeHMe 6yb-
OHAa B IPUJOHHOM IMPOCTPAHCTBE HPOOMPKM SIBIISETCS
XapaKTepPHbIM IPU3HAKOM PasBUTUA MUKPOOPraHU3MOB
C MUKPOaspO(IbHBIM ¥ aHA3POOHBIM TUIIOM JbIXaHNA,
K KOTOPBIM OTHOCAT MOJIOYHOKMUCTIbIe 6akTepun. [Ipoporn-
JKUTETTbHOCTD KY/IbTYBYPOBAHMA COCTABJIA/IA OT OJHUX JI0
5 cyrok. B cimydae orcyTcTBUA pOCTa B TedeHuUe 5 CYTOK
WIN POCTA, OTINYAIOLIETOCS OT YKa3aHHOTO BbIle — II0-
CeBBI JJa/IbHEIIIEeMY UCC/IeJOBAaHNIO He OfIBEePrajIvCh.

Il OLleHKM TIPMHAJJIeKHOCTU BBIIEJIEHHBIX OaKTe-
puil K MOJIOYHOKMC/IBIM MMKPOOPIaHM3MaM, COITIACHO
I'OCT 10444.11-2013 «Mukpo6monorns NmuiieBbIX Ipo-
JIyKTOB U KOPMOB JI/Ifl )KMBOTHBIX. MeTOJbl BBbIABICHMNA
M THOfcYeTa Me30(UIbHBIX MOMTOYHOKUCIBIX MUKPOOP-
TaHM3MOB», OblIa IIPOBeieHa CIeAYIoI[as KOMIIEKCHAs



THEORY AND PRACTICE OF MEAT PROCESSING N22 | 2018

OLIeHKA Ka)KIOTO BBIJETEHHOIO MITAMMa, MPEeJIIONOoXKI-
TE/IbHO OTHOCSIIErOCs K MOJIOYHOKVC/IBIM OaKTepysaM:
poct Ha cpene MRS npu 30°C; obpasoBaHme KaTanasbl;
OlLleHKAa MMKPOCKOINMYECKOTo Ipermapara: o Ipamy n Ha
criopoobpazoBanme. MONTOYHOKMCIIBIE MUKPOOPTaHU3-
MBI XapaKTepU3yI0TCs CIIOCOOHOCTDIO PacTy Ha IVIOTHBIX
U KUAKUX IUTaTenbHbIX cpefax MRS npu 30°C, onn He
00pasyloT Karajady u 1o Ipamy oKpammBaioTCsA IONO-
JKUTE/IbHO, IIPM 9TOM B MUKPOCKOIMYECKOM IIperapare
MOTYT OBITb KaK KOKK)M TaK ¥ IaJ04YKM, IOCTeJHMEe UX
KOTOpBIX He oOpasyior crop. Kyabrypsl, uaeHTnmIN-
pOBaHHbBIE KaK MOJIOYHOKMC/IbIE — IIepeceBaay Ha IIo-
nyXupkywo cpegy MRS c nenbio fanbHelIIero XxpaHeHns
" manbHelero nsydeHns. OcTanbHble MMKPOOPTaHM3-
MBI BBIOPaKOBBIBAJII.

Ilns omnpeneneHus 6aKTePUOLVHOTEHHOCTY OTOOpaH-
HBIX KY/IBTYP MMKPOOPTraHM3MOB, VICIIONb30BaNIN MOJY-
(GUIVPOBAaHHYI0 METOAVKY ABYXC/IOMHBIX arapos YIbpu-
xa [lInnnurepa n @puppuxa-Kapn Toku [12].

CoracHO MeTORMKe, IIPefIOKEHHON ITUMM MCCTIe-
JIOBaTeIsIMM, HEOOXOAMMO ObUIO BHOCUTH OaKTEPUOLMH
B JIyHK) 3apPa)KEHHOTO NATOT€HHBIMY MUKPOOPraHM3Ma-
My, arapa. bakreprnounn guddyHauposan B arap, B pe-
3y/IbTaTe Yero BU3ya/lM3MpOBaIach 30Ha MHIMOMPOBAHMA
pocTa MaTOreHHOro MUKpoopranusma. VI3-3a He6ombLION
VIO /I BU3Yya/IM3alMyU Pe3y/IbTaTOB, Mbl MOAUMULIVPO-
Ba/IM MeTOAIMKY. I/ 9TOTr0 MCIIONIb30BAIM JIBE CIelaIy-
3MpoBaHHbIE IMTaTe/NbHbIe cpenbl. [lepBas cpema — Mo-
muduryposannslit MRS-arap (MRS-mod), cnenyromero
cocTaBa: HeceJleKTMBHasA XXupkasa cpefa MRS; rmokossr —
0,2 %; arap-arapa — 0,3 %; BTopas cpefia — MATKUI arap
(MA) umerominit B CBoeM cocTaBe: menToH — 15 T, PoXK-
KeBolt 9KCTpakT — 3 T, NaCl — 6 1, rmoko3a — 11, arap-
arap — 7 L.

L1 mpoBemeHNsA MCCIefOBaAH IOATOTABIMBANIN CY-
TOYHYIO KY/IbTYPY MOJIOYHOKICIIBIX OaKTepuit Ha 6yIboHe
MRS, xoTopyio ¢ TOMOMLIBI0 GAKTEPMOIOTNIECKON HeT/IN
HAHOCWIM KacaHueM Ha noBepxHoctb MRS-mod B ompe-
IeTIEHHOJ TOYKe. 3aTeM YallKy MHKYOMpOBamIuM BBepX
KpBIIIKaMy 1Ipy Temriepatype (30+2) °C B Tedenne 3 cyT,
TSI MaKCUMaJIbHOTO HaKoIUTeHVst U auddysun b6akrepu-
OlLIMHA B NUTaTeNbHYIO cpeny. [Io okoHuaHUM MHKyO6UpO-
BaHMA noBepx MRS-mod 3anmBanm TOHKMII CI0I MATKO-
0 arapa, MHOKY/IMPOBAaHHOTO TeCT-IITaMMOM. B kauecTBe
TecT-TaMMa ObITa BblOpaHa Kymbrypa Salmonella ty-
phimurium ATCC 14028, sBsmomasics pacnpocTpaHeH-
HBIM BO30y#uTeneM TOKCUKOMH(eKIui. MsArkmit arap
3apaxkaim tecT-mraMmoM Salmonella typhimurium ATCC
14028 ¢ Tutpom 10° KOE/cM®, 1 BHOBB ITOMeIay TepMO-
CTaT I MHKYOMpOBaHMsA KpbllIKaMy BBepX. O6pasibl
MHKyOupoBam mpu Temmeparype (37+1)°C B TedyeHue
24-48 4.

CoracHo paboudeii Tunorese, 3a epyoj, NMHKyOupoBa-
Hus B cpege MRS-mod MOmoyHOKMC/IbIE MUKPOOPTaHU3-
MBI JJO/DKHBI Pa3MHOYATbCS, BbIpabaTbIBast OaKTepUOLIVH,
KOTOpBIiT ;U YHAUPYET B arap, a 3aTeM IpU HaHeCeHNN
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BTOPOTO CJI0s arapa C TecT-IuTaMMoM Salmonella ty-
phimurium, 6aKTepUOLVH [O/DKEH HPeIsITCTBOBATh PO-
CTy IaTOreHa.

Pe3ynbrarsl u 06cyKeHMe

MonoyHokucible 6akTepuy 06ajal0T OOMBIINM II0-
TEHIIVA/IOM UCIIONb30BAHNUA B CBA3M C UX IIMPOKUM CIIEK-
TPOM IOTEHLMA/IbHOM aHTAarOHMCTMYECKOV aKTMBHOCTIL.
[IpuMeHeHMe GaKTEPUOLMHOB, MPOAYIMPYEMbIX MOJIOY-
HOKUC/IBIMU OaKTepUsAMM, MOSULMOHUPYIOT KaK areHTHl,
CIIOCOOHBIE 3aMEHWUTb AHTUMOMOTMKM ¥ TOBBICUTH 0Oe3-
OIIaCHOCTh Msca [13,14,15].

Hawubornee mepcrneKTUBHBIMU MOTOYHOKUCTBIMU OaK-
TEPUSIMU C TOYKM 3PeHMsI X MOTEHI[Mana MpUMeHeHsI
KaK MHIUMOUTOPOB IIATOTEHOB, CYUTAIOT VHANUTEHHBIE
MOJIOYHOKNCTIbIe GaKTepuy, TO eCTb M30MPOBaHHbIE 13
ecTecTBeHHOI cpenpl. Kak mpasuio, 6akTepun, obmama-
Iole TTIOTEHI[A/IOM OaKTePUOLVIHOTEHHOCTY BBIJIETIAIOT
U3 IINIIEBBIX IPOAYKTOB [16,17,18,19].

JIOrMYHO WPEAIONIOKUTb, YTO MscolepepabarbiBa-
Iollell OTpac/iu IenecoobpasHee BCEro NPYMEHATh Oak-
TEPUOLVHBI, U30MPOBAHHbIE Y3 MHAUTEHHO! MUKPOQ-
nopbl MsAca. II0CKONIbKYy MUKPOOPraHU3MBbI C MACA MOTYT
ObITb HambosIee PUCIOCOOIEHbI K HeMY 1 OBITh Hambo-
Jlee KOHKYPEHTHOCIIOCOOHBI, 4eM BbIJie/IeHHbIE U3 JPYTUX
MICTOYHUKOB, OBIIO IIPOBEIEHO MCCIeOBAHNE €To.

Kak mpaBnio, MOIOYHOKKCTIbIE GAKTepUM BBIE/IAIOT
u3 (GepMEeHTUPOBAHHBIX MSICHBIX Ipoaykros [20,21], To
€CTb 13 y>Ke TOTOBBIX K yHoTpebneHuto. B Hameit pabore
HPEAIIOCBIIKON K MCCIeOBAaHNI0 MHIUTEHHO MUKPOd-
JIOPBI TYII CITY>KUIO TPEANONOXKeHNe, YTO MOIOYHOKIIC-
nasi MUKpo@Iopa HomajaeT B MACHbIE IIPOAYKTHI Ha IIep-
BOHAYa/IbHBIX CTAMAX IepepaboTKM, TO eCTb Ha JTalle
y60s1, HyTPOBKM 11 0OBA/IKM TYIIL

B pesynbTaTe MOHUTOPUHTA JTAT€PAIbHON M MeMAIIb-
HOJI CTOPOH TyII KPYITHOTO POTaToOro CKOTa Ha HajnMdie
MOJIOYHOKMCTIBIX OaKTepuii, C IVIOTHOV MUTATEIbHOI Cpe-
nbl MRS 6b1710 BBIOpaHO 36 KOTOHMIT MUKPOOPraHM3MOB
UL JaIbHeNIIero uccnefnoBanys. VI3 Hux Opmm oTobpa-
HBI TO/IBKO Te, (GOPMBI KOIOHUIT KOTOPBIX, Ha CEeKTUB-
HOM arape, SIBJISIACh TUMMYHBIMY J/IsI MOTTOYHOKIC/IBIX
MMKPOOPraHM3MOB: B (popMe Tpex/lydeBOil 3Be3Ibl VI
muusbl (Puc. 1). Ha aToM sTame us uccienoBanmusa ObIIO
uckmoyeHo 15 obpasuos. VI3 ocraBmmxcs 21 mTaMMoB
BCe OKPAlIMBA/INCh MONOXUTEIbHO 1O Ipamy, ofHako 2
OKa3a/lucCh KaTa/la3oNOMOXUTENbHBIMY, IPENIOIOXNI-
TenbHO Brochothrix thermosphacta, u He IMe/NV TUIINYHYIO
JUIs. MOJIOYHOKVC/IBIX MUKPOOPTAaHM3MOB MUKPOCKOIN-
4eckyo KapTuHy. COITIACHO MCCIefOBaHMAM KaHAJCKUX
y4eHbIX, 6akTepun Brochotrix thermosphacta crioco6HBI
PasBUBATHCSI COBMECTHO C MOJIOYHOKMC/IBIMU GaKTepusi-
MU, JOCTUTast BBICOKMX TUTPOB [22].

HanbHeitme uccnefoBanms 19 MITaMMOB IIPOBOAVIIN
KynpTuBMpys Ha OynboHe MRS. ITpu oneHke xapakxTe-
pa pocTa OTOOPAaHHBIX KOJIOHMII Ha 9TOV >KMKON INTA-
Te/IbHOIL Cpefie, He BCe MUKPOOPTaHM3MBbI IIPOSBUIN POCT



2018 | N22 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

TUNUYHBIN 7151 MUKPOadpOUIbHBIX U (HaKy/IbTaTUBHO-
aHA’POOHBIX MUKPOOPTaHM3MOB, K KOTOPBIM OTHOCSTCS
uckomble mpokapnoTbl. Ha Puc.2 mpencraBnena mmmwo-
CTpauus M3 CIPaBOYHMKA CO CXEMOJ TUIIMYHOTO POCTa
MUKpPOaspoIIbHBIX MUKPOOPraHu3MoB (a) u ¢ororpa-
¢ust pocta Ha 6y/IbOHE 9KCIIepUMEHTa/IbHOTO 06pasiia (6).

— 30Ha aKTHBHOTO pocTa

(a) (©)
Puc. 2. Tummunsnt poct MKB B 6ymbone MRS gnsa obmurarHbix
aHA’POOHBIX MUKPOOPraHM3MoB: (a) — cxema; (6) — dororpadus

HpO6I/IpKI/I C POCTOM OJTHOT'O 13 CCIEA0BAHHBIX 06pa3u03

Takum 06pasom, mocie U3ydeHMs KyJIbTyparbHO-MOP-
(onorn4ecknx CBONCTB 13 36 KyIbTYp MMKPOOPTaHM3-
MOB, BbIfIeJIeHHBIX 13 cMbIBOB ¢ Tyu KPC, 1 usydenns
CrIoco6HOCTN 00pa3oBBIBAThL OAKTEPUMOLVH ObUIM OTO-
6paHBbI TONBKO 14 MLITAMMOB.

Ha Puc. 3,4,5,6 npexncrasinensl pororpadui, HOmTydeH-
Hble B pe3y/bTaTe 9KCIlepuMeHTa Ha 3 mraMmMax MKB.

Ha Puc. 3 npencrasnena gororpadusi KOHTPOITbHOTO
obpasua MA, 3apa’keHHOTO TECT-LIITAMMOM, B KOTOPBIi
He ObUIM BHECEHbI MOTIOYHOKIC/IbIe OakTepun. B pe3ysn-
TaTe pOCTa TeCT-IITaMMa HAaOMTI0aeTCsA CIUIONIHAA IIOT-
Hasg MYTHOCTb JAHHOTO arapa:, YTO HOATBEp)K/aeT CIIO-
COOHOCTh JaHHOTO arapa obecreuntb pocT Salmonella
typhimurium.
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_—

Puc. 3. ®ororpadus pocra Salmonella typhimurium B MA (koHT-
ponbHbIIT 06paselr)

Puc. 4. ororpadus wamrku Ilerpu ¢ pocrom Salmonella typhimuri-
um nosepx pocta MKDB: 1 — poct xonmonnit MKD B HibkHeM croe ara-
pa; 2 — 30Ha crtomHoro pocta Salmonella typhimurium B BepxHeM
croe arapa; 3 — 30Ha OTCyTCTBUA pocta Salmonella typhimurium
B BepXHEM C/I0e arapa

Ha Puc. 4,5,6 npencrasnens! ¢ororpadum sxcrepu-
MEHTa/IbHBIX 00pa3lioB IIOC/Ie KyIbTUBMPOBaHMsA Salmo-
nella typhimurium nosepx pocta MKbB Ha vamkax [Tetpu.
ITockonbky cpema MRS-mod sABnAeTca NOMYXKUAKUM
arapoM, MOJIOYHOKMC/IbIe OaKTepuy pacTyT Ha Hell O1u-
e K JHy Jauky [letpu ¢ o6pasoBaHyeM pacIIbIBIINXCSA
KOJIOHMII IPUYYAIMBBIX (OPM, OHU TIOKa3aHbI CTPeIKaMM
1 oT™MedeHB! 111 poit «1». COIrTacHO MEeTOAMKE MCCIe0Ba-
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30Ha nooasneHus

Salmonella

< e

Puc. 5. Dotorpadus vamku [erpu ¢ pocrom Salmonella typhimuri-
um nosepx pocta MKb

3oHa urzubuposarus

Salmbnella

Pitc. 6. otorpadust wamku Iletpu ¢ poctom Salmonella typhimuri-
um nosepx pocta MKbB: 1 — poct xononuit MKD B HixHeM croe ara-
pa; 2 — 3o0Ha pocra Salmonella typhimurium B BepxHeM clIoe arapa

HIISA, Ha oBepxHOCTh MRS-mod ¢ mpepBapuTeibHO BbI-
POCIIMIMYU MOJIOYHOKMCTIBIMU OaKTepuAMM, ObIT HaHECEH
MA, zapaxxeHnHuslit Salmonella typhimurium.

Ha Puic. 4 BuziHO, 4TO 0671aCcTh arapa, rie Kak npeproa-
raeTcsi JO/DKeH ObUT ObITh 6aKTePUOLIVH, OTMeYeHHas -
poit «2», IOTepsI/Ia IPO3PAYHOCTD 13-32 POCTA TECT-IITaM-
Ma. B To>ke BpeMs B 30He POCTa MOJIOYHOKMC/IBIX GaKTepuit
cpefia OCcTaIach MOMHOCTBIO Mpo3pauHoit. Iudpoit «3» Ha
Puc. 4 nokasana npospayHas 30Ha, YTO ABJAETCA Pe3YIlb-
TaTOM MHIMOMpOBaHus pocta Salmonella typhimurium mo-
JIOYHOKUC/IBIMM GakTepuAMU. [JaHHBIN (HaKT MOXKET ObITh
Pe3y/IbTaTOM OTCYTCTBUA 3K30T€HHO IPOAYLMPYEMOro
6akTepyuonyHa gaHHbIM BuioM MKDB nn aHTaronncrimye-
CKOJl aKTMBHOCTbIO TOTIbKO HATUBHO KY/IbTYPBI.
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Ha Puc. 5 mpoBefieHa rpaHnIia MeXXKAy 30HAaMIU poCTa
U TIOfaB/IeHMS TeCT-IITaMMa BTOPBIM M3 HUCCIENyeMbIX
MKB. B ornmuume ot pocTa npeficTaBieHHOro Ha Puc. 4,
xapakrep pocra Salmonella typhimurium na Puc. 5 xapax-
TepU3yeTCA OTCYTCTBMEM POCTa KaK B 30HE BUJJVIMOTO PO-
cra MKBD, Tak u 30He ero oTcyTCTBMA. ITO ABIAAETCA JO-
Ka3aTe/IbCTBOM TOTO 4TO HaHHbII mramMM MKDB obnamaer
6aKTepMOLTHOTEHHOCTBIO.

Ha Pwmc. 6 pesynbraThl aHaJOTMYHBI pe3y/IbTaTaM,
npencTaBneHHbIX Ha Puc. 5. Tpernit mramm MKDB mpo-
AyLupyeT 6AKTepPUOLVH, HO OT/INYAeTCs KY/IbTYpPanbHO-
MOP}OIOrNYecKIM XapaKTepOM pOCTa.

W3 npencTaB/ieHHDbIX PUCYHKOB BUIHO, YTO 30HA ITOJaB-
JleHus pocTa TecT-mTamma Salmonella typhimurium B pu-
CYTCTBMM JBYX U3 Tpex uccnefosaHHbix MKDB mocturamm
3/4 mnomaan yamky [leTpy, 4TO HAIJIAZHO EMOHCTPUPYET
BBICOKYIO aHTarOHMCTMYECKYI0 aKTMBHOCTb MCCIIE[IOBAaH-
HbIx MKB 1 ux 6akrepnonnHoB. B pesynprare ckpuHuHra
MKEB Ha 6aKTepUOITHOT€HHOCTb /IS HA/IbHENIIIEro 1CCe-
floBaHMA OBUIM OTOOPAHDI, KaK Hanboriee IepCIeKTYBHBIE,
TOJIBKO 6 IITaMMOB MOJIOYHOKVC/IBIX OaKTepPuiL.

Vlcnionb3oBaHMe JJaHHOTO METOfIa OLIEHKM IIO3BOJINT
He TOJIKO BBIABUTH Hamnuue cnocobrnoctu MKbB npopy-
LVPOBaTbh OAKTEPUOLVHBI, HO ¥ M3Y4UTb aHTaTrOHUCTHU-
YECKYI0 aKTMBHOCTb KaK HAaTMBHOI KY/IbTYPBI, TaK M X
0aKTepMOLMHOB B OTHOIICHN!N MHOIMX M3y4aeMbIX MIM-
KpOOPraHM3MOB, KOTOPble MHOTME UCCIeloBaTe/N T103M-
LVIOHMPYIOT KaK MH/AMKATOPbl KOPPEKTHOTO IIPOTeKAHNA
TEeXHOJIOTMYeCKUX Ipoleccos [23]. Hamune Takux MHAN-
TeHHBIX MMKPOOPraHM3MOB B MsCe BO3MOXXHO IIO3BOJINT
3a CYeT MMUHVMMA/IbHBIX OapbepHBIX TEXHOJIOTWII, TaKUX
KaK BaKyyMHas yrakoBka min MI'A, yBenmu4nTb Cpok xpa-
HeHMs1 Msca [24]. B ToM dncrie 3a cueT mogasieHNs pocTa
6/1M3KOPOICTBEHHBIX JTAKTOOALMIII, HEKOTOPbIE U3 KOTO-
PBIX ABJIAIOTCA MUKPOOpPraHM3MaMy mmopun [25], a Taxoke
POCT YC/IOBHO-IIATOT€HHOII U MAaTOTeHHON MMKPO(IOpbI
[26]. Kpome aToro, mpuMeHeHMe MOJIOYHOKMC/IBIX 6ak-
Tepuit, 06IagaNNX 6aKTEPUOLMHOTEHHOCTHIO, B TEXHO-
JIOTMM TIPOM3BOACTBA CBIPOKOITYEHBIX KO/I6AC MO3BONT
CHM3WUTD PUCK IPOM3BOACTBA HeOEe30IacHON MPOAYKLINNL.
Taxum ob6pasom, Hannune B Msice nHanreHHbIx MKDB sB-
JIAeTCA JOIOMTHUTENbHBIM (HaKTOPOM, 00eCIednBaIoM
IPOTeKaHNUe >KeJIaTe/bHbIX OMOXMMMUYECKMX IIPOL[eCCOB
1 6€30I1aCHOCTD CHIPOKOITYEHbIX Kobac [20,27].

BriBoabr

B pesynbrare MOHMTOpMHIA TYII KPYIIHOTO POraTOro
ckota 6pum otobpanbl mHaUreHHsle MKDB o6mapatomue
6aKTePUOLIMHOTEHHOCTBIO B OTHOIIEHNM TTATOT€HHOTO TECT-
wramma Salmonella typhimurium. TlogrBepxaeHa paboyas
TUIIOTE3a O HAKOIUTEHNM GAKTEPUOLIMHA B IIMTATETHHOI Cpe-
fie. DKCIIepUMEHTAIBHO JIOKa3aHO, YTO BbIOPAaHHBIE IS VIC-
CTTe[IOBAHYIsI IH/JVIT€HHbIe MOTIOYHOKICTIbIe GaKTepyy Msica
0671a1a10T 6aKTepPUOLIVHOT€HHOCTDBIO U MOTYT OBITh ITpUMe-
HEHBI JI/IsI CHYDKEHNS POCTA IIATOTEHHBIX MKPOOPTaHI3MOB.
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Introduction

Currently, the world pays great attention to food
safety. A special place is the protection of food from the
effects of xenobiotics, which include microbial contami-
nants, especially pathogenic bacteria. Ensuring micro-
biological safety of products is a priority direction of the
food industry.

In conjunction with the neurotoxic effect resulting
from environmental exposure, food contaminated with
pathogens is a great danger to human health.

Despite the introduction of various programs to
prevent microbial contamination and control of patho-
gens — the problem does not lose its relevance. The
situation is aggravated by the increasing resistance of a
number of pathogens to chemicals, including antibiot-
ics [1].

In connection with the detection of antibiotic resistance
of pathogenic microorganisms found in food products,
different approaches to deter their reproduction are pro-
posed. Especially rapid development of biological meth-
ods. Bacteriophages are actively used abroad. Moreover,
they are positioned as alternative to chemical substances
means of controlling pathogens and as agents that prolong
the shelf life of products [2,3,4].

Among other biological measures to combat patho-
gens is the use of bacteriocins. Bacteriocins-antibiotic-like
substances with bactericidal or bacteriostatic effect, were
discovered in the mid of 1960s, at the same time began to
study their properties. Despite the rich history of bacterio-
cin research, their potential has not been fully disclosed
yet. The current high level of diagnostic capabilities allows
a more in-depth and comprehensive study of the proper-
ties of bacteriocins. Bacteriocins are heterogeneous pep-
tides secreted by various microorganisms, including lac-
tabacilus [5].

The mechanism of action of bacteriocins against patho-
genic microorganisms is associated with a violation of the
permeability of the cytoplasmic membrane of the latter.
Bacteriocins are divided into two classes — lantibiotics —
peptides containing unusual amino acids (for example,
lanthionin) and short heat-resistant polypeptides that do
not contain such amino acids. A number of authors are
inclined to believe that these peptides have the ability to
form pores in the cytoplasmic membrane, resulting in cell
lysis of the pathogen [6,7,8,9,10].

The most well — known bacteriocin is nisin, which is
synthesized by the coccal strain Streptococcus lactis. Cur-
rently, nisin is used as a preservative in the production of
some foods [11].

For the meat industry, as producers of bacteriocin, the
most interesting are the microorganisms that make up the
non-pathogenic pool of the indigenous microflora.

Thus, the aim of this study was to identify and study
the indigenous lactabacilus of the carcass microbiome of
cattle of ritual slaughter (Halal) to assess their bacterioci-
nogenicity.
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Objects and methods

The objects of the study were flushes selected from the
lateral and medial sides of the anterior quarter of cattle
carcasses immediately after. To exclude contamination
of carcasses by third-party microorganisms that may be
deposited by dry and/or wet processing, the collection of
swabs was carried out from the surface of carcasses Ha-
lal slaughter. When Halal slaughter is not used washing
operations carcasses, so there is no change in the origi-
nal microbiome. Washings were taken from two zones of
thoracic and rib cuts of each half-carcass both from the
inner and outer surface. Sampling of washings was car-
ried out with sterile sponges moistened with 10 cm’ of
saline solution from each zone with an area of not less
than 100 cm? Then the sponges were placed in a sterile
package, a buffered peptone water with a volume of 90
cm?® was added, and a number of tenfold dilutions were
used to sow in nutrient media. Since the aim of our work
was to study the bacteriocinogenicity of lactobacillus, the
primary objective of the study was to identify the lactoba-
cillus from the object of study.

For selection of lactic acid microorganisms from the
received washouts, a number of tenfold dilutions were
prepared and their sowing in the dense nutrient medium
of MRS was carried out by deep method. The crops were
incubated for 3 days at a temperature of (30+2)°C at the
end of incubation, Petri dishes were examined to identify
colonies with a typical growth of lactic acid microorgan-
isms (having a lens shape or a star shape) in order to select
them for further study. Typical colonies were passaged in
liquid medium MRS-broth, where in optimum conditions
at temperature (30£2)°C conducted with the accumulation
of biomass of cells. The presence of microbial growth was
determined by the turbidity of the broth in the lower part
of the tube. The turbidity of the broth in the bottom space
of the tube is a characteristic feature of the development of
microorganisms with microaerophilic and anaerobic type
of respiration, which include lactabacilus. The duration of
cultivation ranged 1 to 5 days. In the absence of growth
within 5 days or growth different from the above — crops
were not further investigated.

To assess the belonging of isolated bacteria to lactic acid
microorganisms, according to GOST 10444.11-2013 «Mi-
crobiology of food and animal feed. Methods of detection
and calculation of mesophilic lactic acid microorganisms»,
the following comprehensive assessment of each isolated
strain, presumably related to lactic acid bacteria, was car-
ried out: growth on the MRS medium at 30°C; catalase
formation; evaluation of the microscopic preparation: by
gram and by spore formation. Lactic acid microorganisms
are characterized by the ability to grow on dense and liq-
uid nutrient media MRS at 30°C, they do not form cata-
lase and gram stained positively, while in the microscop-
ic preparation can be both cocci and sticks, the latter of
which do not form a dispute. Culture, identified as lactic
acid — passaged in a semi-liquid environment of the MRS
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for the purpose of long storage and further study. Other
microorganisms were culled.

To determine bacteriocinogenic selected cultures of
microorganisms used a modified two-layer technique agar
Ulrich Shillinger u Frededich-Karl Liicke [12].

According to the method proposed by these research-
ers, it was necessary to introduce bacteriocin into the wells
of the infected pathogenic microorganisms, agar. Bacterio-
cin diffused to agar, resulting in a visualized zone of inhibi-
tion of growth of the pathogen. Due to the small area of vi-
sualization of the results, we have modified the technique.
Two specialized nutrient media were used for this purpose.
The first medium-modified MRS-agar (MRS-mod), the
following composition: non-selective liquid medium MRS;
glucose-0,2 %; agar-agar-0,3%; the second medium-soft
agar (MA) having in its composition: pepton — 15 g, yeast
extract — 3 g, NaCl — 6 g, glucose — 1 g, agar-agar — 7 g.

To conduct the study, daily culture of lactabacilus was
prepared on the MRS broth, which was applied by touch-
ing the surface of the MRS-mod at a certain point using a
bacteriological loop. The cups were then incubated with
the lids upwards at a temperature of (30+2)°C for 3 days,
for maximum accumulation and diffusion of bacteriocin
into the culture medium. At the end of incubation, a thin
layer of soft agar, inoculated with a test strain was poured
over the MRS-mod. As a test strain was chosen culture
Salmonella typhimurium ATSS14028, which is a common
causative agent of toxicoinfections. Soft agar was infected
with a test strain of Salmonella typhimurium ATSS14028
with a titer of 10° KOE / cm’, and the thermostat was again
placed for incubation with lids up. The samples were incu-
bated at a temperature (37+1)°C for 24-48 h.

According to the working hypothesis, during the incuba-
tion period in the MRS-mod environment, lactic acid mi-
croorganisms must multiply, producing bacteriocin, which
diffuses into the agar, and then when applying the second
layer of agar with the test strain Salmonella typhimurium,
bacteriocin should prevent the growth of the pathogen.

Results and discussion

Lactobacillus has potential for use due to their wide
range of potential antagonistic activity. The use of bacte-
riocins produced by lactabacilus is positioned as agents
capable of replacing antibiotics and increasing the safety
of meat [13,14,15].

The most promising lactabacilus from the point of view
of their potential as inhibitors of pathogens, consider the
indigenous lactabacilus, that is, isolated from the natural
environment. As a rule, bacteria that have the potential of
bacteriocinogenic isolated from food products [16,17,18,19].

It is logical to assume that the meat processing indus-
try is most appropriate to use bacteriocins isolated from
the indigenous microflora of meat. Since microorganisms
from meat can be most adapted to it and be most com-
petitive than those isolated from other sources, a study of
it was conducted.
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As arule, lactabacilus are isolated from fermented meat
products [20,21], that is, from ready-to-use. In our work,
the premise of the study of the indigenous microflora of
carcasses was the assumption that the lactic microflora en-
ters the meat products at the initial stages of processing,
that is, at the stage of slaughter, nutration and boning of
carcasses.

As a result of monitoring the lateral and medial sides of
cattle carcasses for the presence of lactic acid bacteria, with
a dense nutrient medium, MRS36 microbial colonies were
selected for further research. Only those forms of colonies
of which, on selective agar, were typical for lactic acid mi-
croorganisms: in the form of a three-beam star or a lens
(Figure 1). At this stage, 15 samples were excluded from the
study. Of the remaining 21 strains, all were positively gram-
stained, but 2 were catalozopositive, presumably Brocho-
thrix thermosphacta, and did not have a typical lactic acid
micro-organisms microscopic picture. According to stud-
ies by canadian scientists, the bacteria Brochotrix thermo-
sphacta can develop together with lactabacilus, reaching
high titers [22].
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Figure 1. Typical growth of ub in dense MRS nutrient medium

Further studies are 19 conducted by cultivating the
strains in MRS broth. When assessing the growth pattern
of the selected colonies in this liquid nutrient medium, not
all microorganisms showed growth typical of microaero-
philic and facultative anaerobic microorganisms, which
include the required prokaryotes. For Figure 2 the illus-
tration from the reference book with the scheme of typi-
cal growth of microaerophilic microorganisms (a) and the
photo of growth on the broth of the experimental sample
(b) is presented.

Thus, after studying the cultural and morphological
properties of 36 cultures of microorganisms isolated from
the washings from cattle carcasses, to study the ability to
form bacteriocin were selected only 14 strains.
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For Figure 4 it can be seen that the area of agar, where it
was supposed to be bacteriocin, marked with the number
l «2», lost transparency due to the growth of the test strain.

area of no growth At the same time in the zone of lactobacillus growth the
environment remained completely transparent. Figure 3
and Figure 4 shows a transparent zone, which is the result
of inhibiting the growth of Salmonella typhimurium lacto-
bacillus. This fact may be the result of the absence of exog-
enously produced bacteriocin by this type of lactobacillus
or antagonistic activity of only the native culture.

(b) - y U £
Figure 2. Typical growth of lactobacillus in MRS broth for obligate an- R . s .

aerobic microorganisms: (a) — scheme; (b) — photograph of the test
tube with the growth of one of the studied samples

— area of active growth

For Figures 3,4,5,6 photographs, obtained in the experi-
ment, 3 strains of the lactobacillus.

For Figure 3 a photograph of a control sample of CS
infected with a test strain that has not been infested with
lactobacillus is presented. As a result of the growth of the
test strain, a continuous dense turbidity of the agar is ob-
served., which confirms the ability of this agar to ensure
the growth of Salmonella typhimurium.

For Figure 4,5,6 photos of experimental samples
after cultivation of Salmonella typhimurium on top
of growth of lactobacillus on Petri dishes are present-
ed. Since the MRS-mod environment is a semi-liquid
agar, lactobacillus grow on it closer to the bottom of
the Petri dish with the formation of vague colonies of
bizarre shapes, they are shown by arrows and marked

with the number «1». According to the research meth- ) S .
dologv. CS infected with Salmonella tvphimurium was Figure 4. Photograph of Petri dishes with growth of Salmonella ty-
? &Y P phimurium on top of the growth of lactobacillus: 1 — of lactobacillus

applied to the surface of MRS-mod with pre-grown  ‘glonies in the lower layer of agar; 2 — zone of continuous growth of
lactobacillus. Salmonella typhimurium in the upper layer of agar; 3 — zone of ab-
sence of growth of Salmonella typhimurium in the upper layer of agar

—

zone of absence of
growth Salmonella

i éone of growth
Salmonella

Figure 3. Photo of Salmonella typhimurium growth in CS (control
sample) phimurium on top of the growth of lactobacillus
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N\

N

2zone of absence of
growth Salmonella

Figure 6. Photograph of Petri dishes with growth of Salmonella
typhimurium on top of the growth of lactobacillus: 1 — Growth of
lactobacillus colonies in the lower layer of agar; 2 — growth zone of
Salmonella typhimurium in the upper layer of agar

For Figure 5 the boundary between the growth and
suppression zones of the test strain of the second of the
studied lactobacillus was determined. In contrast to the
growth shown in Pic.4, the growth pattern of Salmonella
typhimurium in pic.5 it is characterized by the absence of
growth in the zone of visible growth of lactobacillus, and
the zone of its absence. This is proof that this strain lacto-
bacillus has bacteriocinogenic.

For Figure 6 the results are similar to those shown in
Figure 6.5. The third strain of lactobacillus produces bacte-
riocin, but differs in the cultural and morphological nature
of growth.

The presented figures show that the growth suppression
zone of the test strain Salmonella typhimurium in the pres-

ence of two of the three studied lactobacillus reached 3/4
of the Petri dish area, which clearly demonstrates the high
antagonistic activity of the studied lactobacillus and their
bacteriocins. As a result of the screening of lactobacillus
for bacteriocinogenicity, only 6 strains of lactobacillus
were selected for further study as the most promising.

The use of this method of evaluation will not only re-
veal the presence of the ability of lactobacillus to produce
bacteriocins, but also to study the antagonistic activity of
both the native culture and their bacteriocins in relation
to many studied microorganisms, which many research-
ers position as indicators of the correct flow of techno-
logical processes [23]. The presence of such indigenous
microorganisms in meat may allow to increase the shelf
life of meat due to minimal barrier technologies, such as
vacuum packaging or MGA [24]. In particular, due to the
suppression of the growth of closely related lactobacilli,
some of which are spoilage microorganisms [25], as well
as the growth of opportunistic and pathogenic microflo-
ra [26]. In addition, the use of lactic acid bacteria with
bacteriocinogenicity in the production technology of
raw sausages will reduce the risk of production of unsafe
products. Thus, the presence of indigenous lactobacillus
in meat is an additional factor that ensures the flow of de-
sired biochemical processes and the safety of raw smoked
sausages [20,27].

Summary

As a result of monitoring of cattle carcass were select-
ed indigenous lactobacillus has bacteriocinogenic against
pathogenic test strain Salmonella typhimurium. The work-
ing hypothesis about the accumulation of bacteriocin in
the nutrient medium was confirmed. Experimentally
proved, that the chosen for the study of indigenous lacto-
bacillus of meat have bacteriocinogenic and can be applied
to reduce the growth of pathogenic microorganisms.
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Opuzunanvnas HayuHas cmamos

B3AVMOCBA3b ME K1Y COOJEPJKAHUEM
MBIIIEYHONM TKAH B OCHOBHBIX OTPYBAX }
(MIPEMMAJTIBHBIX YACTSX) M TYIIE YBOMHBIX CBUHEN

ITaBnoB A.B.,, Pynp A.U.,* M.A. 3anKeBUY'
! Teneruxka PIC, benropon, Poccus

Kniouesvie cnosa: cooepicanue msca 6 myuie, 0CHO8Hble 0mpy0Oa, nonamxa, uietika, KapboHam, epyOuHKad, OKOpoxK,
KOppenayus, Croumocto, CHeUUANIUSUPOBAHHAS IUHUSL C6UHEl

AHnnomauyus

C nomouypio asmomamusuposanHoli cucmemvl kaaccuduxauuu myw ceéuneti ynompassyxom AutoFOM o6pabomanvt noxa-
samenu 56 682 myut y6otinvix céuneti co cpedHeti maccoti mywiu 94,3 ke. Ilokazana macca u 8b1X00 MblULEUHOTE MKAHU U3 OC-
HOBHDIX 0MpPY606 6 myute. V3yuervl Koadduyuenmot KOPpenaUUU MeH0y MACCOTi U COOePIHcAHUEM MbIUEUHOL! IMKAHU 8 My ule
U 0CHOBHDIX (Npemuanvhvlx) ompybax (oxopox, wietika, nonamea, epyournka, kapbonam). Ilokasano, Kax ysenuuerue MAaccol
Kax002o U3 ompy60s énugerm Ha coOepiarue MulueuHoT mKanu 6 myuie 6 u ompybe. Hanpumep, ycmanosneno, 4mo npu
yeenuuenuy maccol 2pyounxu Ha 10 xe (¢ 6 0o 16 ke) npoyeHm 6vIX00a MbiuieuHOU MKaHU U3 myuwiu cHuxcaemcst na 3,3 % (c 54,5
00 51,8 %), umo cocmasuno npumeptio 0,33 % 1a 1 ke dononHumenvroeo seca epyounxu. Ipu ysenuuenuu maccol Kopetixu ¢ 4 00
14 e, 8vIX00 MblUIEUHOL MKAHY U3 MYWiU HA000pom yeenuuusncs na 11,6 %, m.e. 1,16 % 1a xaxoviii 00nonHUmMenvHbill K2 mac-
coL Kopetiku. IIpusedena cmoumocmo (6 a6COMIOMHBIX U OMHOCUIMENLHBIX eOUHULAX) OCHOBHbIX 0mpy006. [aHo 3akmodeHue
0 nepcneKmueax UCNoNb308AHUS NONYHEHHDIX 0AHHbIX NPl CO30AHUU CHEUUATTUSUPOSAHHOTI MEPMUHATLHOTE TUHUU C6UHeil,
XAPAKMeEPU3YIOU4eLCS NOBbIUEHHBIM COOEPHAHUEM MACCHL NPEMUATILHBLX OMPY606 6 mye.

Original scientific paper

THE CORRELATION BETWEEN LEAN MEAT PERCENTAGE
IN PRIMAL CUTS AND TOTAL LEAN MEAT PERCENTAGE

IN CARCASS

Andrey V. Pavlov,' Andrey I. Rud,* Maxim A. Zankevich'
'Genetika PIC Ltd, Belgorod, Russia

Key words: Lean meat percentage, primal cuts, shoulder, neck, loin, belly, ham, correlation, cost, special line of pigs

Abstract

With the help of the automated system for the classification of carcasses of pigs, AutoFOM ultrasound have been processed 56 682
carcasses of slaughter pigs with an average carcass weight of 94.3 kg. The mass and yield of muscle tissue from the main cuts in the
carcass is shown. Correlation coefficients between the mass and the content of muscle tissue in the carcass and the main (premium)
cuts (ham, neck, shoulder, belly, and loin) were studied. It is shown how the increase in the weight of each of the cuts affects the
content of muscle tissue in the carcass and in the cut. For example, it was found that when the weight of the belly is increased by
10 kg (from 6 to 16 kg), the percentage of muscle tissue from carcass is reduced by 3.3 % (from 54.5 to 51.8 %), which is approxi-
mately 0.33 % for 1 kg of additional weight of the belly. With an increase in the weight of the loin from 4 to 14 kg, the yield of muscle
tissue from the carcass on the contrary increased by 11.6 %, i.e. 1.16 % for each additional kg of loin weight. A value (in absolute and
relative units) of the main cuts is given. The conclusion is made about the prospects of using the obtained data in the creation of a

specialized terminal line of pigs, characterized by an increased content of weight of premium cuts in the carcass.

BBenenne

PasBurtme oOTeYeCTBEHHBIX CBMHOBOJYECKMX KOMIIA-
HMIA, @ TAKXKE IIPOEKTHI BBOJIA POM3BOJCTBEHHDIX MOLHO-
creit po 2020 roga mo3BOIAKT C YBEPEHHOCTHIO TOBOPUTD
O TIOJIOKMUTENIbHOM NMHAMUKE IIPOM3BONCTBA CBUHMHDI
B Poccun B cpegHecpo4yHOl nepcneKkTyBe. Bpicokas KOH-
KYPEHLIVA Ha PbIHKE CBUMHUHBI MEXIY OTEYECTBEHHBIMI
U 3apYOEKHBIMI ITPOM3BOUTE/LIMMI CIIOCOOCTBYET pasBu-
TUIO BEPTUKA/JIbHON MHTETPALMM Ha KPYIHBIX CBMHOKOM-

IIEKCaX, BK/IIOYAIOIeil COOCTBEHHBIN YOOIl 1 TepepaboT-
Ky >KMBOTHBIX. TeXHOJIOTM4eCKye IIPOLIeCChl OOBIIHCTBA
yOOIHBIX IPeANpUATUII IPefyCMaTPUBAIOT MOMTHYIO VI
YJaCTUYHYIO pasfenKy (06BajKy) TYIIM Ha OCHOBHBIE OTPY-
6a (mpemMmanbHble 4acTy), I09TOMY yBe/IMYeHNe X BBIXOA
(Maccel) B TyIlle TOBAPHOJ CBUHBY 00€CIIeUNT IIOBbILIEHVIE
peHTabebHOCTY IIPOM3BOJICTBA CBYHIHBI.

B nurepatype JAeTanbHO OMMCAaHBI KO3 UIVIEHTHI
HAC/IeAyeMOCTY ¥ KOPPEJIALVN C OCHOBHBIMMY Ce/TeKIVIOH-

ANA LUTUPOBAHUA: Masnos A.B., Pyab A.U., 3aHkeBuu M.A. B3auMoCBA3b MeXXAY COAEepP)XXaHMEM MbILLEYHON TKaHU B OCHOBHbIX oTpy6ax (npemu-
aAbHbIX YyacTaXx) U Tywe y60MHbIX cBUHEN. Teopus M npakTuka nepepabotku maca. 2018;3(2):33-39. DOI 10.21323/2414-

438X-2018-3-2-33-39
FOR CITATION:

Pavlov A.V., Rud A.l.,, Zankevich M.A. The correlation between lean meat percentage in primal cuts and total lean meat percentage

in carcass. Theory and practice of meat processing. 2018;3(2): 33-39. (In Russ.). DOl 10.21323/2414-438X-2018-3-2-33-39
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HBIMM IIPU3HAKAMI TOJIIMHBI MINNKA B PA3/IMYHBIX TOHO-
rpaduyeckux TouKax peructpannn [1,2], TOMUIMHBL JINH-
HellIllell MBIIIIbI CIIMHBI ¥ BBIXOAA MBIIICYHON TKaHU U3
Tymy. OrpaHn4eHHOe KOMMYeCTBO MyOIMKaluil B OTe-
YeCTBEHHOI M 3apyOeXXHOJI IedaTy IOCBAILIEHO M3yde-
HUIO HaC/IeAYeMOCTI U KOPPe/IALI MeXAY co60i MacChl
TYLIN U COfiep>KaHMeM MBILIEYHOI TKaH) B OCHOBHBIX OT-
pybax: meiike, KapOOHaTe, OKOPOKe, JIONIATKe ¥ TPYAHKe.
Hanpumep, npu usydeHun ocoOeHHOCTeNl MOepUiicKoi
HIOPOJibl CBMHEN MICIAaHCKMMM YY€HBIMY YCTAaHOBJIEHDI BbI-
COKUe 3HaYeHNA K03 PUIMEHTOB HAaCTIelyeMOCTI OCHOB-
HBIX OTPY0OOB (IpeMmanbHbIX YacTeyt) Tyum: h* = 0,38-
0,43; k09 PULNEHTbI KOpperALuN MeXAy OCHOBHBIMMI
oTpyb6aMu >KUBOTHBIX 3TOJ IMOPOJbI I CPeHECYTOYHBIM
IIPMPOCTOM >KMBOJ Macchl HAX0HATCA B MHTepBane 0,49-
0,74 [3,4].

AMEpUKAaHCKMMU yYeHBIMM B YHUBEpCUTETE IITaTa
AJioBa yCTaHOBJIEHA BBICOKAs IIONOXUTE/IbHAsA KOppe-
IS MacChl TPYAMHKY C TOMyHOI mnuka (0,52), mpu
OTPULATE/ILHON KOppe/lsluUy 5TOrO NMpU3HAKA C Mac-
coit kap6onara (-0,54), a Tak)Xe BBICOKME 3HAYEHUS
K03(GUINEHTOB HACIeAYeMOCTU TpeX IpeMUaTbHBIX
vacreil: okopoka (0,60), kap6onara (0,61) n rpyauHKN
(0,66) [5].

[Tpn nsydeHun QppaHIy3CKUMU yYeHBIMU [6] reHe-
TUYECKUX KOPPENALMIl MEX/Y MIMHON TYLIM, TOMLIM-
HOJI LINNKA, ITYOMHOM AJIVMHHeNIIel MBILIIBI CIVHBI
VI MacCoil OCHOBHBIX IIpEMMAJIbHBIX YacTeil y OTLOB-
cKoro Tuma GpaHIy3CKOV KPYITHOI 6e/10il TOPOJbI CBU-
Hell h? maccel kap6onara cocrasun 0,43; momarku 0,23
u rpypunku 0,35.

Y4uUTBIBasA CYyLECTBEHHYI0 Pa3HUIY B CTOMMOCTH OC-
HOBHBIX OTPY06O0B, a TAKXKe UX JOCTATOYHO BBICOKVIE KOI(-
(UIVIEHTBI HAC/IEAYEMOCTY ¥ KOPPEIALMY IPYT C IPYTOM,
aKTYya/IbHBIM ABJIAETCSI BOIPOC CO3[aHMA CHEeLMaIN3U-
POBAHHOV TEPMIHAIbHOV JIMHNUM CBUHEN, XapaKTepusy-
I0II[elics TIOBBIIIEHHBIM COfiepKaHeM MacChl IIpeMIUaib-
HBIX OTpy6OB B Tyue. [IMoHepaMu B 9TOM HaIpaB/IeHUN
CTaM TPOM3BOACTBeHHass Kommauus Triumph Foods
(CIIIA) n renetnyeckas komnanus PIC, koTopsie coBMec-
THO padpabotamu u ¢ 2008 roga peann3oBai Crelyaib-
HYIO0 IVIEMEHHYI0 IIPOrpaMMY II0 CO3/IaHUIO CIIeIVIaIN3M-
POBAHHO TE€PMUHA/IBHONM JIVHUM CBVHEN, MOTy4MBUIEN
HasBaHue TR-4. OcHoBanHasa B 1974 rofy, KOMIaHuUsA
Triumph Foods B HacTOsImMit MOMEHT 3aHMMAaeT BTOPOe
mecto B CIIIA, nocne kommmanun Smithfield Foods, o xo-
NNYeCTBY CBMHOMATOK, KOTOpOe B HACTOsIIee BpeMs IIpe-
BoimaeT 380000 romos.

B cucreme KoMmaHmMum Ha MIACOKOMOMHaTe IIpemyc-
MoTpeHa o6Banka or 70 o 100 % mpeMuanbHBIX YacTel
TyHM: KapboHaTa, OKOPOKA, IPYAVIHKY U TI€PeJHEr0 OKO-
pOKa. 3a ceMb JIeT COBMECTHOI pabOThI yAAIOCh IOCTUYb
IIOCTABJIEHHBIX 33/ja4 U YBE/IMYUTb MAcCy OCHOBHBIX OT-
py60B: KapOoHaTa, IPYAUHKA U IIepeHEr0 OKOPOKa, YTO
B KOHEYHOM HTOre II03BON/IO CYIIeCTBEHHO YBEINYMUTD
TOXOMBI IPeIIPUATIS.
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Marepuanbl u MeTOAbI

VccnemoBannsaA 1o M3y4eHNIO B3aMIMOCBA3Y MeX/Ly CO-
Jiep>KaHMeM MBIIIeYHOI TKaH) B OCHOBHBIX OTpy6ax (1pe-
MMa/IbHBIX YaCTAX) U TYyLIe YOOIHBIX CBUHEI IIPOBEIEHbI
Ha 6OJTHe OJTHOTO 13 KPYIIHBIX ITPOM3BOAUTE/IEN CBYHIHBDI
B Poccun. [lannble 114 aHanmsa 1o Macce OCHOBHBIX OT-
py60B COOpaHbI C TOMOIIBIO ITOTHOCTBIO ABTOMATU3YPO-
BAaHHOIl CHCTeMbI K/IacCUPMKALMU TYII CBUHEN C IIOMO-
mpio yabrpasByka AutoFOM (Automatic Fat-o-meat'er)
(mpousBoactBo kommauuu Carometec, Tauus) [7]. B 06-
paboTke ObIIN MCIIONIB30BAHbI IOKA3aTeMN OT 56 682 TymI
yOOIIHBIX CBUHEI CO CpefHelt Maccort Tymn 94,3 kr. Tyum
IPOXOAAT Yepe3 IOMYKPYIVIBI KOHTYP C IIeCTHA/IIAThIO
YIbTPa3ByKOBBIMU AaTunkaMu. OTpakeHHbIe OT MbIIIeY-
HOJ, >KMPOBOJM M KOCTHOM TKaHEJ CHUTHA/Ibl JaTYMKOB
¢dbopMmpoBanu TpexMepHOe 1300paXKeHNe, aHa/IN3 KOTO-
pOro IO3BOJIAN ONpeNeNnTb NPOLEHT BbIXOAA MACa, BeC
VIN BBIXOJ] COCTaBHBIX YacTell Ty (OKOpPOK, (puteiiHas
YaCTb, JIONATKA, PYAMHKA B KT 1 %).

Pesynprarsl u 06CyxeHne

Macca 1 BBIXOJ] MBIIIEYHOII TKaHM 13 OCHOBHBIX OTPY-
60B pacnpepeMInch crenyooimum obpasom (Taos. 1).

Ta6numa 1. Macca 11 BBIXOJ, MBIIIEYHOM TKaHM
U3 OCHOBHBIX OTPY0OB B TyIIe

HaumenoBanme Bpixoj MbInIeYHOI
Macca, Kr N
oTpyba TKaHM, %

Ilerika 5,05 —

JIomaTka 10,05 58,84
Kopeiika 9,52 61,55
Ipysunka 11,14 53,07
Oxopok 17,62 70,00

Haub6onpuryio Maccy 1 cofepKaHye MBIIIEYHOI TKaHI
UMeeT OKOPOK, KaK OfMH U3 OCHOBHBIX OTPYOOB TYIIM.
Crnepyroomas Mo Macce Iocjae OKOpOKa TPYAMHKa MMeeT
CaMblil HU3KUI IMOKasaTelb BBIXOIA MBIIIEYHON TKaHU
(Tabn. 1). [lefika ABnIsAETCA CaMbIM MaJIOBECHBIM, HO Ca-
MBIM JOPOTOCTOAIIVMM OTPYOOM M3-3a ee MONY/IAPHOCTI
cpeny HaceneHusA Poccuy; m3MmepeHusA copep>KaHUsS Mbl-
IIIEYHOJ TKaHM B IIeliKe B KOMIIAHUM He IIPOU3BOAUTCS.
BrIAB/IEHBI KOPPENALMOHHBIE CBA3Y MEXIY MAcCOil Ipy-
AMHKN (KT), COflep>)KaHyieM MbIIIeYHO TKaHu B TyuIe (%)
u rpypuHke (Ta6. 2).

[Tpn yBenmuenun maccel rpyguuku Ha 10 xr (¢ 6 mo
16 Kr) IPOLIEHT BBIXOZIa MBIIIEYHON TKaH) U3 TYLIN CHY-
3wics Ha 3,3% (c 54,5 o 51,8 %), 4TO cOCTaBMJIO IpUMep-
HO 0,33 % Ha 1 XTI JOIIOIHUTEIBHOIO Beca IpyAuHKu. Ilpn
3TOM COfiep>KaHMe MBIIIEYHOI TKaHU B TPYAMHKE CHU3MU-
J10Ch Ha 2,7 % nnm Ha 0,27 % Ha Ka>KIbIii JOIIOIHUTETbHbIN
KT yBeJIM4eHMs e€ Macchl. [loryuyeHHble JaHHbBIE TOKa3bl-
BAIOT OTPULIATETIbHYIO KOPPELALNIO MEXAY Maccoil Ipy-
AVHKY ¥ BBIXOZIOM MBIIIEYHOI TKaHY 13 TYIIN Y TPYANH-
K11, KaK OfIHOTO 13 OCHOBHBIX OTPy0OB TYIIIL.
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Ta6muua 2. KoppensaiyonHpie B3auMOCBA3M MEXTY MaCCOil
rpyauHKY (KT) M BBIXOOM MbIIIeYHOI TKauu u3 Ty (%)
u rpypuHKu (%)

Bpixoj MbIIIEYHOI TKaH, %
Macca rpygyHKu, KT

U3 TYIIN U3 IPYAMHKM
6,0 58,2 54,5
6,5 58,1 54,3
7,0 57,9 54,2
7,5 57,7 54,1
8,0 57,6 53,9
8,5 57,4 53,8
9,0 57,3 53,7
) 57,1 53,5
10,0 56,9 53,4
10,5 56,8 53,2
11,0 56,6 53,1
11,5 56,4 53,0
12,0 56,3 52,8
12,5 56,1 52,7
13,0 55,9 52,6
13,5 55,8 52,4
14,0 55,6 52,3
14,5 55,5 52,2
15,0 55,3 52,0
15,5 55,1 51,9
16,0 55,0 51,8

AHanm3 Macchl KOpEKM M OKOPOKa BO B3aMMOCBSI3U
C cofiep>KaHNeM B HUX MBIIIEYHOI TKAHM, & TAK)Ke BBIXO-
JIOM MBIIIEYHOI TKAHU U3 TYIIY TIO3BOJINT BBISIBUTD BBI-
COKYIO TIOJIOXKIUTENbHYI0 KOPPEIALIIO MEX/Y 9TUMI HPH-
sgakamu (Ta6s. 3 u Tabm. 4).

Ta6muma 3. B3anMocBA3b MeX[y Maccoil KOpeiiki 1 BBIXOTOM
MBIIIECYHOM TKAH!U U3 TYIIN M KOPEKK

. Boixo MpIIIeYHOI TKaH, %
Macca Kopeiiku, Kr

M3 TYIIN 13 KOpeiKu
4,0 50,2 49,4
4,5 50,7 50,5
5,0 51,3 51,6
55 51,9 52,7
6,0 52,5 53,8
6,5 53,1 54,9
7,0 53,6 56,0
7,5 54,2 57,1
8,0 54,8 58,2
8,5 55,4 59,3
9,0 56,0 60,4
9,5 56,5 61,5
10,0 57,1 62,6
10,5 57,7 63,7
11,0 58,3 64,8
11,5 58,9 65,9
12,0 59,4 67,0
12,5 60,0 68,1
13,0 60,6 69,2
13,5 61,2 70,3
14,0 61,8 71,4
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Ta6muua 4. CooTHOLIEHIE CTOMMOCTH ¥ MACChI OCHOBHBIX
orpy6oB B Tyie (cp. Bec Tymu — 95,7 Kr; B ienax 2016 roga)

43

A a B a X
2 3 5 3 5 < 5«
HaumenoBanue < < g 2 § § § §

S S =R = =
g S 2S¢ B3 23
= = O ~ O E o E
Ipyaunka 11,152 20,78 225 2509,2 16,86
JlomaTka 6\ 10,136 18,89 270 2736,7 18,39
Ileiika 5,089 9,48 361 1837,1 12,35
Kopeiika 9,627 17,94 293 2820,7 18,95
OKopok 6\ 17,653 32,90 282 4978,2 33,45
NTOro 53,657 100 1431 14881,9 100,00

IIpn yBemmdenny Macchl KOpelKu ¢ 4 1o 14 Kr, BBIXOR,
MBIILIEYHOV TKaHU M3 TyLIu yBernunnca Ha 11,6 %, t.e. 1,16 %
Ha Ka>K/IbIVI JOIIO/IHUTE/IbHBIN KI' MaCChl KOPEVIKIL; TP 9TOM
COfIep’KaHNe B KOPelKe MBIIIEYHON TKaHV YBEINYMBaIOCh
emle 6osIee CYIeCTBEHHO B CPAaBHEHUM C BBIXOIOM MBbIIIIeY-
HOI TKaHU U3 TYILN, I COCTaBUTIO 2,2 %/KT KOpeVKIL.

IIpn macce okopoka 10 Kr u cofiep>KaHuUM B HEM MbI-
LIeYHON TKaHU 67,7 %, CpeJHII1 BBIXOJ, MBIIIEYHON TKAaHA
u3 Tymn coctaBun 53,1%. Ilpu yBennyenum mMaccobl OKO-
PpOKa 110 24 KT 9T II0Ka3aTeIu BbIPOC/IN COOTBETCTBEHHO
1o 71,9 n 59,4 %.

OO6muit BBIXOJ, MBILIEYHON TKAaHV M3 TYIIN C YBe/IN-
YeHMEM MacChl OKOpOKa Ha 14 Kr BbIpoC Ha 6,3 %, wm
0,45 %/1 Kr Maccpl oKopoka. [Ipu yBenndeHnn Macchbl 0Ko-
poKa Ha 14 Kr cofiep>KaHMe MbIIIEYHO TKaHM B OKOPOKe
yBEIMYMIOCh B cpefHeM Ha 4,3 % v 0,31 % Ha KaXK7blii
JIOTIOJTHUTEIBHBIN KI' Macchl okopoka (Puc. 1).

60
59
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57
56
55
54
53
52

Macca okopoka, Kr

19 21 23 25

73
72
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70
69

68
Macca okopoka, Kr
67

11 13 15 17 19 21 23 25

06)

Puc. 1. Bzanmocss3p MEXnpy Maccoi OKOpOKa U BbIXOIOM MbIIIIEY-
HOJI TKAQHIL: @) — W3 Tyly; 6) — 113 0KOpOKa
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YcraHoB/eHbI BbICOKME KO3 uUIeHTbI KOppenam
MEXJY COflep)KaHMeM MBIIIEYHOI TKaHU B TYIIIe U OCHOB-
HBIX oTpybax: nomatku (0,81), rpymuuku (0,82), okopoka
(0,90) n xopeiixu (0,89), a TaKKe MEXAY COfep>KaHUEM
MBIIIEYHOII TKaHY B TYIIE I MaCCOI TAKMX OCHOBHBIX OT-
pyboB, kak 6eckocTHas nonarka (0,51) u kopeiika (0,41).
KoaduipmeHTsl KOppensaumm Mexjgy Maccoil ILIeyKu
U OKOPOKa OBbUIM He TaKMMY BBICOKMMM 1 cocTaBun 0,33
un 0,24 COOTBETCTBEHHO. YCTAaHOBJIEHa HM3Kas OTpuUlia-
Te/IbHAsl KOPPEeIALUA MEeX/Y MacCOil TPYANHKY U COfiep-
JKaHMeM MBIIIeYHO TKaHM B Tymie (- 0,1); koppermauys
MeX/y TOMIIMHO IIMKa (MM) ¥ Maccoi TPyANHKH [IOTI0-
sxurenbHad (r = 0,28).

JsydyeHa Macca OCHOBHBIX OTPyOOB B Tylle B KT
U B IIPOLIEHTHOM OTHOIIEHUY K OOIell Macce OCHOBHBIX
oTpy60B (1pu cpenHert Macce Tymu 95,7 Kr), a TaK>Ke UX
CTOMMOCTD B PyO/IAX ¥ IIPOLIEHTHOM OTHOILIEHNUM K 0611l
CTOMMOCTH BCeX OCHOBHBIX 0Tpy60B B TymIe (Ta6. 4).

MakcuManbHyl0 CTOMMOCTb 1 KI MMeeT mIeiika —
361 py6. OmHako, TaHHBIN OTPYO MMeeT TakKe M MMHM-
MaJIbHYI0 Maccy — 5,089 kr mmm 9,5% or o6111ei1 Macchl
BCEX OCHOBHBIX OTPYOOB B TylIe. MaKCUMa/bHYIO [JOMTIO
B Tyllle B KWIOTPAMMax M B IPOLEHTHOM OTHOIIEHUN
K Macce BCeX OCHOBHBIX OTPYOOB mMeeT OKOpoK (17,7 kr
1 32,9 %). ITo cTonmMocTy 3a 1 KT OKOPOK 3aHMMaeT TpeTbe
MeCTO, IIIb HEMHOTO YCTYIIasi KoperiKe, OfHaKO 3TOT OT-
pyb MMeeT MaKCUMaJIbHBIIl Y/IeNbHBIN BeC B 00IieM Bece
OCHOBHBIX OTPY0OB TyIIN, 1, COOTBETCTBEHHO, CaMyIO
BBICOKYIO Y€/IbHYI0 CTOUMOCTD B %.

YdauTbiBag OnMusKue IO 3HA4YeHUAM KO3(UIMeHThI
KOPPeJLALI MEXY BeCOM LIEVKM U OKOPOKa C COfepKa-

Introduction

The development of domestic pig-breeding companies,
as well as the projects of commissioning of production fa-
cilities until 2020 allow us to speak with confidence about
the positive dynamics of pork production in Russia in the
medium term. High competition in the pork market be-
tween domestic and foreign producers contributes to the
development of vertical integration in large pig complexes,
including own slaughter and processing of animals. Tech-
nological processes of the majority of the slaughter com-
panies provide full or partial cutting (trimming) on the
primal cuts, so the increase in their output (mass) in the
carcass market swine will improve the profitability of pork
production.

The literature describes in details the coeflicients of
heritability and correlation with the main selection char-
acteristics of the thickness of the fat in various topographic
points of registration [1,2], the depth of the longest back
muscle and the lean meat percentage from the carcass. A
limited number of publications in the domestic and foreign
press is devoted to the study of the heritability and corre-
lation between the mass of the carcass and the content of
lean meat percentage in the primal cuts: neck, loin, ham,
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HJIeM MBIIIEYHOI! TKaHM B TyIlle, HeOOXOAVIM TIATe/TbHBIN
aHaJIN3 JaHHBIX [lepef] IPMHATHEM PellleHNs O TOM, KaKoit
U3 3THX [IBYX OCHOBHBIX OTPY0OOB Oy/ieT IMeTb IIepBOCTe-
IIEHHOE 3Ha4YeHMe B CTPYKTYpe CENEKIIIOHHOTO MHJEKCa
TePMMUHATbHON TMHUN.

[pynunka 3aHMMaeT IOCIENHEE MECTO B CTPYKType
CTOMMOCTY BCEX OCHOBHBIX OTPy6OB. YunThiBas crmadyro
OTPULIATE/IbHYI0 KOPPEIALIMI0O MEX/Yy MAccoll TPYAMHKA
U cofiepKaHMeM MBIIIeYHO} TKaHU B TYIE, Mbl CYMTaeM
HepallMOHabHbIM IIPOBEJieHNEe CeeKINM Ha yBenudeHue
MacChl 9TOTO OTpy6a. YBeNnuueHne Macchl B TYyLIE IIe¥i-
KI1, KOPeKM, OKOPOKa 1 6€CKOCTHOI JIOTATKY IPUBEeT
OJHOBPEMEHHO K YBEIMYEHUIO COJlep>KaHM: MBbIIIEYHOI!
TKaH!U B TylIe (3a CYeT BBICOKMX K03 UIMEHTOB KOp-
penAnuy MeXAy STYMMU IpPU3HAKaMM) MU KOCBEHHOM
HO/IOKUTETLHOM BIVAHUM Ha YBeIMYEHME COflep>KaHus
MBIIIEYHOI TKaHU B TPYAMHKE.

BriBoabr

Pe3ynbraThl NPOBEJIEHHBIX MCCIENOBAHUII U pacde-
TOB CBUJETENbCTBYIOT O BBICOKOJ B3aMIMOCBS3Y MEXIY
OCHOBHBIMU yOOIHBIMIU XapaKTePUCTUKAMM TYILN, @ TaK-
JKe CYIeCTBEHHOM BIIVISTHIMM MAacChl ¥ BBIXOJIa MbIILIETHOI
TKaH!U 13 OCHOBHBIX OTPYOOB TYILIM Ha 9KOHOMUYECKYIO
3G deKTUBHOCTD pabOThl CBMHOBOAYECKOTO IIPERTPUs-
Tys1. Heo6X01MO y4nTHIBAaTh ONIMCAHHBIE BbIIIIE B3aUMOC-
BA3Y IIPM KOHCTPYMPOBAHUM CENEKIVIOHHBIX MHJEKCOB
Pas/IMYHON CTPYKTYPBI B paMKaX CO3JjaHNsA MaKCYMa/IbHO
3¢bdexTMBHOI MOmenu MpyU MPOBENEHUN CeTeKLUN Tep-
MIHAIbHOM (OTIIOBCKOJ) MMHNMM HA yBeIMYeHNe MacChl
OCHOBHBIX OTPy0OB B Ty1II€.

shoulder and belly. For example, in the study of the charac-
teristics of the Iberian breed of pigs Spanish scientists have
established high values of the coeflicients of heritability of
the primal cuts (premium parts) carcasses: h2 = 0.38-0.43;
correlation coefficients between the primal cuts of animals
of this breed and the average daily gain of live weight are in
the range between 0.49-0.74 [3,4].

American scientists at the University of Iowa estab-
lished a high positive correlation of the mass of the belly
with the thickness of the fat (0.52), with a negative correla-
tion of this characteristic with the mass of loin (-0.54), as
well as high values of the inheritance coeflicients of three
primal cuts: ham (0.60), loin (0.61) and belly (0.66) [5].

In the study of French scientists [6] genetic correlations
between the length of the carcass, thickness of fat, depth of
the longest back muscle and the mass of the the primal cuts
in the father type of the French large white breed of H2
pigs, the weight of loin was 0.43; the shoulder blades were
0.23 and the belly was 0.35.

Given the significant difference in the cost of the primal
cuts, as well as their rather high coefficients of heritability
and correlation with each other, it is important to create a
specialized terminal line of pigs, characterized by a high
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content of the mass of primal cuts in the carcass. The pio-
neers in this direction were the production company Tri-
umph Foods (USA) and the genetic company PIC, which
jointly developed and since 2008 implemented a special
breeding program for the creation of a specialized termi-
nal line of pigs, called TR-4. Founded in 1974, Triumph
Foods is currently ranked second in the United States, after
Smithfield Foods, in terms of the number of sows, which
currently exceeds 380,000 heads.

The company’s system at the meat processing plant pro-
vides for boning from 70 to 100 % of the primal parts of the
carcass: loin, ham, belly and front ham. During the seven
years of joint work it was possible to achieve the objectives
and increase the mass of the primal cuts: loin, belly and
front ham, which ultimately allowed to significantly in-
crease the income of the enterprise.

Material and methods

Studies of the relationship between the content of LEAN
MEAT PERCENTAGE in the primal cuts and carcass of
slaughter pigs were carried out at the slaughter of one of
the largest pork producers in Russia. Data for analysis by
mass of the primal cuts are collected within 30 days with
the help of a fully automated classification system for pig
carcasses with the AutoFOM ultrasound (Automatic Fat-
omeater) (trade company Carometec, Denmark) [7]. In
the treatment were used indicators from 56 682 carcasses
of slaughter pigs with an average carcass weight of 94.3 kg.
Carcasses pass through a semicircular circuit with sixteen
ultrasonic sensors. The signals of sensors reflected from
muscle, fat and bone tissue formed a three-dimensional
image, the analysis of which allowed to determine the per-
centage of meat output, the weight or yield of the compo-
nents of the carcass (ham, loin, shoulder blade, belly in kg
or %).

Results and discussion

The results of the research and their discussion: the
mass and output of LEAN MEAT PERCENTAGE from the
primal were distributed as follows (Table 1).

Table 1. Mass and lean meat percentage from the primal cuts
in carcasses

The name of the cut Mass, kg Lean meatﬂ
percentage,%
Neck 5.05 —
Shoulder 10.05 58.84
Loin 9.52 61.55
Belly 11.14 53.07
Ham 17.62 70.00

The greatest weight and content of muscle tissue is ham,
as one of the main cuts of carcass. The next by mass after
the ham is belly, has the lowest rate of lean meat percentage
(Table 1). The neck is the smallest, but the most expensive
cut because of its popularity among the population of Rus-
sia; measurement of the content of lean meat percentage
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in the neck of the company is not made. Correlations be-
tween weight of bell (kg), content of lean meat percentage
in carcass (%) and belly were revealed (Table 2).

Table 2. Correlations between weight of belly (kg) and yield of
lean meat percent-age from carcass (%) and belly (%)

Lean meat percentage,%

Mass of the belly, kg From the carcass From the belly
6.0 58.2 54.5
6.5 58.1 54.3
7.0 57.9 54.2
7.5 57.7 54.1
8.0 57.6 53.9
8.5 57.4 53.8
9.0 57.3 53.7
9.5 57.1 53.5
10.0 56.9 53.4
10.5 56.8 53.2
11.0 56.6 53.1
11.5 56.4 53.0
12.0 56.3 52.8
12.5 56.1 52.7
13.0 55.9 52.6
13.5 55.8 52.4
14.0 55.6 52.3
14.5 55.5 52.2
15.0 55.3 52.0
15.5 55.1 51.9
16.0 55.0 51.8

With an increase in the mass of the belly on 10 kg
(from 6 to 16 kg), the percentage lean meat from the car-
cass decreased by 3.3% (from 54.5 to 51.8 %), which was
about 0.33% per 1 kg of additional weight of the belly. At
the same time, the content of lean meat percentage in the
belly decreased by 2.7% or 0.27 % for each additional kg
of increase in its mass. The data obtained prove a negative
correlation between the mass of the belly and the lean meat
percentage from the carcass and belly, as one of the primal
cuts of the carcass.

Analysis of the mass of the loin and ham in relation
to the content of lean meat percentage in them, as well as
the lean meat percentage from the carcass revealed a high
positive correlation between these characteristics (Tables 3
and 4).

With an increase in the mass of the loin from 4 to 14 kg,
the output of lean meat percentage from the carcass in-
creased by 11.6 %, i.e. 1.16 % for each additional kg of the
loin weight; the content in the loin of lean meat percent-
age increased even more significantly in comparison with
the output of lean meat percentage from the carcass, and
amounted to 2.2 %/kg of the loin.

With a weight of 10 kg of ham and a lean meat percent-
age content of 67.7 %, the average yield of muscle tissue
from the carcass was 53.1%. With an increase in the weight
of the ham to 24 kg, these figures increased to 71.9 and
59.4 %, respectively.
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Table 3. The relationship between the mass of the loin and the
lean meat percent-age from the carcass and loin

) Lean meat percentag,%
Mass of the loin, kg From the carcass From the loin
4.0 50.2 49.4
4.5 50.7 50.5
5.0 51.3 51.6
5.5 51.9 52.7
6.0 52.5 53.8
6.5 53.1 54.9
7.0 53.6 56.0
7.5 54.2 57.1
8.0 54.8 58.2
8.5 55.4 59.3
9.0 56.0 60.4
9.5 56.5 61.5
10.0 57.1 62.6
10.5 57.7 63.7
11.0 58.3 64.8
11.5 58.9 65.9
12.0 59.4 67.0
12.5 60.0 68.1
13.0 60.6 69.2
13.5 61.2 70.3
14.0 61.8 71.4

Table 4. Ratio of cost and mass of the primal cuts in the carcass
(i.e., mass — of 95.7 kg; the price of 2016)

oh .

Name ¥ oe g pE e

= = B OE OE

Belly 11.152  20.78 225 2509.2 16.86
Boneless shoulder 10.136  18.89 270  2736.7 18.39
Neck 5.089 9.48 361 1837.1 12.35
Loin 9.627 17.94 293 2820.7 18.95
Boneless ham 17.653 32.90 282 4978.2  33.45
Total 53.657 100 1431 14881.9 100.00

The total yield of lean meat percentage from the carcass
with an increase in the mass of the ham on 14 kg increased
by 6.3 %, or 0.45 %/1 kg of ham weight. With an increase in
the weight of the ham on 14 kg, the content of lean meat
percentage in the ham increased by an average of 4.3 % or
0.31% for each additional kg of ham weight (Figure 1).

High correlation coefficients between the content of
lean meat percentage in the carcass and the primal cuts:
shoulder (0.81), belly (0.82), ham (0.90) and loin (0.89), as
well as be-tween the content of lean meat percentage in
the carcass and the mass of such primal cuts as boneless
shoulder (0.51) and loin (0.41). The correlation coefficients
between the mass of the neck and ham were not so high
and were 0.33 and 0.24, respectively. A low negative cor-
relation between the mass of the belly and the content of
lean meat percentage in the carcass (- 0.1) was established;
the correlation between the thickness of the fat (mm) and
the weight of the belly is positive (r = 0.28).
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Fig. 1. The Relationship between the weight of the ham and the lean
meat percentage: a) — from the carcass; b) — from the ham

The weight of the main cuts in carcass in kg and as a
percentage of the total mass of the primal cuts (with an
average carcass weight of 95.7 kg), as well as their cost in
rubles and as a percentage of the total cost of all the primal
cuts in carcass (Table 4).

The neck has a maximum cost of 1 kg -361 rubles. How-
ever, this cut also has a minimum weight — 5,089 kg or
9.5% of the total weight of all primal cuts in the carcass.
The maximum share in carcass in kilograms and percent-
age to the mass of all the primal cuts is ham (17.7 kg and
32.9%). The ham takes third place with cost of 1 kg, only
slightly inferior to the loin, but this cut has the maximum
share in the total weight of the primal cuts of carcasses,
and, accordingly, the highest specific cost in %.

Given the close value of the correlation coefficients be-
tween the weight of the neck and ham with the content of
lean meat percentage in the carcass, a thorough analysis
of the data before deciding which of these two primal cuts
will be of paramount importance in the structure of the
breeding index of the terminal line.

Belly occupies the last place in the cost structure of all
major cuts. Given the weak negative correlation between
the mass of the belly and the content of lean meat per-
centage in the carcass, we consider it irrational to conduct
selection to increase the mass of this cut. The increase of
mass in the carcass of the neck, loin, ham and boneless
shoulder blade will at the same time to increase the content
of muscle in the carcass (due to the high correlation coef-
ficients between these characteristics), the indirect positive
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impact on the increase in the content of lean meat percent-
age in the belly.

Conclusion

The results of studies and calculations show a high
relationship between the main characteristics of carcass
slaughter, as well as a significant impact of mass and

muscle tissue from the primal carcass cuts on the eco-
nomic efliciency of the pig enterprise. It is necessary to
take into account the above relationships in the design
of breeding indices of different structures in the creation
of the most effective model for the selection of terminal
(paternal) line to increase the mass of the primal cuts in
the carcass.
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N3YYEHUE QKCIIPECCUUM TEHOB Y IIPOKAPUNUOT

Mwunaes M.IO.,* MaxoBa A.A.
DenepanbHbIi HAYYHBL EHTP MNIIEBEIX crcTeM uM. B.M. TopbaroBa PAH, MockBsa, Poccus

Kntouesvte cnosa: IKCnpeccus 2eHos, NpoKapuomeul, HL[R KONU4ecmeeHHbLll aHanus

AHnHomauyus

Konuuecmeennas nonumepasuas uennas peaxkyus (qIIL[P) 6 peanvrom spemeru — 00UH U3 Mer10006 OUeHKU yPOBHS IKCHpec-
cuu 2eros. Mnmepec k U3y4eHU0 MONEKYNAPHbIX MEXAHU3MOE SKCNPECCULL 26HOB U ee OUeHKU 6 NPOKAPUOMUUECKOLi KremkKe
00ycrn10871eH HEOOCMAMKOM UCCTIE008aHULL NO OAHHOMY 80NPOCY U PAOOM Memo0on0euUeckux npobnem. B pabome npedcmassne-
HO U3yueHue MeXaHu3ma SKCNPeccUUl 2eHo6 y NPoKapuom Ha npumepe 2eHos aupasvl b u xonnazenasvr Aeromonas salmonicida
ASL. B pesynvmame nposedeHHbLx UCCTe008aHULE Obiau NPOMeCUpPO6aHbl NpuMeHseMble 8 Peaktuu 00pamHol MPparHcKpUNUUU
cnyuaiinoii (Random) u npatimep oligo (dT) ¢ «saxopem» (08a Kpatinux Hykneomuda npatimepa no 3" KOHUY, KomMniemeHmap-
Hble HYKAeOMUOam cmon-Kko0oHa mpanckpubupyemoti nocnedosamenvtocmu JJHK) u adanmepom cobcmeennoii paspabomxu.
ITpumenenue oligo (dT) npaiimepa cmano 603MOMHbIM MOLKO NOCe nonuadeHuposanus évidenentoti PHK ¢ nomoujvio che-
UuanvHozo Habopa ¢ nonu — A nonumepasoti. YemaroeneHo, 4mo paspabomanHvlii HAMu NpomoKos nposedeHuUs 06pamHoti
mpanckpunyuu (OT) ¢ ucnonvsosaruem oligo (dT) npaiimepa u onpedenenHoti nocnedosamenvHoCMvio adanmepa Ha ezo 5'
KOHUe, NpeOHA3HAUEeHHO020 0718 OdnbHeliuie20 omacuea pesepc-npaiimepa npu nposedenuu I[P & peanvHom epemeHu HAPAOY
¢ npedsapumenvrvim nonuadenunuposaruem PHK ucknouaem cneyuduueckyro amnauduxkayuro ocrmamounoi $oHosoti ze-
Homnoti [THK. [lanHas memoouka mMoxem HAlmu npumeHeHue 6 OUeHKe YPOBH IKCHPeCCUll HUSKOIKCNPECCUOHHBIX 2eHO06 NPU
8vICOKOM coOepacanuu npumecu Porosoti eeromnoti JJHK 6 06pasue PHK, nanpumep, Ha KoHeuHOT crmaduu n02apudmueckoeo
pocma npokapuomuUecKkoll Kaemxu.

Original scientific paper

THE STUDY OF PROKARYOTIC GENE EXPRESSION

Mihail Yu. Minaev.,* Anzhelika A. Makhova
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: gene expression, prokaryotes, PCR, assay

Abstract

One of the methods to evaluate the level of gene expression is a real-time quantitative polymerase chain reaction (qPCR). Interest
in the study of molecular mechanisms of gene expression and its evaluation in prokaryotes is due to the lack of research on this is-
sue and a number of methodological problems. The paper presents a study of gene expression mechanism in prokaryotes evidence
from Aeromonas salmonicida ASI gyrase B and collagenase genes. As a result of the research, Random primer and oligo (dT)
primer (two 3’-terminal nucleotides of the primer complementary to stop codon nucleotides of the transcribed DNA sequence)
with anchor and adapter of our own design were tested, which are used in the reaction of reverse transcription. The use of oligo
(dT) primer became possible only after polyadenylation of extracted RNA using special poly-A polymerase kit. It is determined
that the developed protocol of reverse transcription (RT) using oligo (dT) primer and adapter with certain sequence on its 5-ter-
minus designed for further annealing of the reverse primer during real-time PCR along with preliminary polyadenylation of RNA
excludes specific amplification of the background genomic DNA. This technique may be applied in evaluating the expression level
of low-expression genes when high background genomic DNA content is found in the RNA sample, e.g. at the end of logarithmic
growth of prokaryotic cells.

BBenenue

Knerxn mo6oro oprannsma, kakue 651 pyHKIMM OHM HI
BBITIOJTHA/IN, VIMEIOT TIOJTHBII HAOOpP CBOVICTBEHHBIX IaHHO-
My OpPTaHM3MY I'€HOB. Y TI060T0 OpraHn3Ma KJIeTKY PasHBIX
TKaHell ¥ OPraHOB OT/IMYAIOTCA 110 Pas/IMYHBIM IIPM3HAKAM
1 HabOpy NMEOIIVXCA B HUX Oe/KoB. [laxke B OfHOIT KTeTKe
Ha PasHbIX CTA/VISIX ee PasBUTUS CUHTE3UPYIOTCS U PYHK-
LVIOHMPYIOT pasHble Oenky. OfHaKo, B 100011 K/IeTKe uMe-
eTCsI OIIpefie/IeHHBII HabOp TeHOB, 00eCIIeYNBAOLINX TTOI-
Jiep>KaHye BaXHEIIINX )XM3HEHHbIX QYHKIWIT OPraHN3Ma,

KOTOPbIE SKCIIPECCUPYIOTCA MPAKTUIECKM BO BCEX TKAHAX
U KJIE€TKaX Ha OTHOCHUTEIbHO IIOCTOSHHOM YPOBHE. JTHU
TE€HbI ITOJIy4M/IU OIIpeJie/ICHNE «T€HbI JOMAUIHETO XO3AICT-
Ba«, OHM (PYHKIVMOHUPYIOT IIOBCEMECTHO, Ha BCEX CTAIVAX
>KM3HEHHOTO IIVK/Ia OpraHusMa. B metogonornm nsy4enns
9KCIPECCHI T€HOB T€HbI JJOMAIIHEro X03AJCTBA MCIIONb3Y-
IOT B Ka4eCTBe T€HOB BbIPABHMBAHNA, OTHOCUTEILHO KOTO-
PBIX M3Y9aeTCs 9KCIPECCHUA LIeNIeBbIX T€HOB.

Pacnonaras monHOM TreHeTHMYeckol WHQopMaumer,
KaXJas KJIeTKa Ha OIpefle/IeHHOM 3Talle pa3BUTUA JVIC-

AN ULUTUPOBAHUA: MuHaeB M.IO., MaxoBa A.A. U3yueHue 3KCNpeccuun reHoB y Npokapuot. Teopus U nNpakTuka nepepaborku msAca. 2018; 3(2):

40-52. DOI 10.21323/2414-438X-2018-3-2-40-52
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HO/Ib3YeT INIIb Ty ee YacTh, KOTOpasg HeoOXofMMa B Ha-
CTOSAILINIT MOMEHT, TPAaHCKPUOMPYIOTCS TOBKO Te TeHBI,
IIPOAYKTBI KOTOPBIX HYXKHBI K/IeTKE B HEIIOCPENCTBEHHBII
MOMEHT ee CYILIIeCTBOBAHNUA /IS OCYIIeCTBIeHNs ee PyHK-
uumit. Kietka fo/mKHa pacnonaraTb MeXaHM3MaMu, OIIpe-
TeISOINMY, KaKiie TeHbI ¥ B KAKOW TTOC/IeIOBATeTbHOCTU
JIOJDKHBI 9KCIIPECCUPOBATHCS («BBIPAXKAThCSIK, TO €CTh Jja-
BaTb npopykT — PHK wu 6e10k), a kakue mofaBIATbCA.
ITpu aTom MPHK renoB, akcripeccust KOTOPBIX ITOfIaB/IA€T-
cs1 OBICTPO, leTPafiMpyeT B KJIETOYHOM MAaTPUKCEe B OT/IN-
4ue oT, Harpumep, JTHK oTMepmmx KneTox.

ITocTosiHHOE M3MeHeHMe IKCIPecCUy TeX MM MHBIX
TeHOB IIPOABIAETCA B IIEPBYIO0 OYepelb Ha yPOBHE TPaHC-
Kpunuuy. ITO CKAa3bIBaeTCs HAa M3MEHEHUM KOMMYecTBa
monexyn PHK, npexxpe Bcero, m-PHK.

ITosTOoMy KONMMYECTBEHHBIV aHANMM3 SKCIPECCUM Te-
HOB CBOJUTCA K aHAJN3y TPAHCKPUIITOMA, M3MEPEeHMIO
TPAaHCKPUIIMOHHON aKTUMBHOCTY T'€HA, C ITOMOIIBIO OIl-
peneneHnsa KONMMYecTBa ero IMpopykra, marpuyHoit PHK
(MPHK), yauBepcanpHoOI 11 607b1iIeit YacTyi reHoB. [1pn
3TOM KOHEYHDIII IPOIYKT SKCIPECCUI I'eHOB KaK IIPABUJIO
6enkn, a He MPHK.

Ina usmepennsa xommdectBa MPHK paspaboranst
crepymomye MetTofbl: KonudectseHHasA [IIIP B peanbHOM
Bpemern (qPCR), mpumeHsercs jid aHammsa YpOBHA
9KCIIPeccuy HeCKOTbKMX T'€HOB; CPABHUTE/IbHAS T€HOM-
Has rubpupusanys Ha ynnax (CGH), mosBomnser BujeTh
KO/MM4YeCTBEHHBbIe M3MEHEHNA 9KCIPEeCcCUU TeHOB IIPSIMO
Ha XpPOMOCOMaX; MMKPOUMIIBI, C UX TOMOIIbIO MOXKHO TI0-
Jly4aThb JAHHBIE TI0 YPOBHIO SKCIPeccuy OObIIOro KO-
YyecTBa T€HOB; BLICOKOIIPOM3BOAUTEIbHOE Mapasiie/ibHOe
cexBenupoBanue PHK (NGS) [1]. MeTopst rubpugusanmnn
1 BBICOKOIIPOM3BOIUTE/TBHOTO CEKBEHVPOBAHMA ABJIAIOT-
Cs1 «307I0TBIMM CTaHJAPTaMI« OLIEHKM SKCIIPECCUY TeHOB,
OfIHAKO IIpeyCMaTPMUBAIOT Ha/mu4uue OOBEeMHOro U J0-
POrOCTOAIEro 000pyOBaHM)sA, 3aKYIKY KOTOPBIX MOTYT
MTO3BOJTUTH Ia/ieKO He BCe PsANOBble TA00PaTOPUIA, a JIUIIb
CHenyanu3upoBaHHble MeUKO-TeHeTUYeCKNe IIeHTPBI.
ITpoBeneHne aHamM3a SKCIPeCcCUM T'eHOB METOAOM TIMU-
Opunmsanun Tpebyer Gonpume xommuectBa PHK, yem
Te, KOTOpbIe 3a4acTYI0 NOCTYIIHBI IIpU IPOBeINeHUN psfa
9KCIEPUMEHTOB, HAIIPUMeP, IPY HaMMIUU He3HAUNTEIb-
HBIX KOIMYEeCTB KJIeTOK WIN TKaHeil. B aTux cirydasax me-
TOJIbI, OCHOBaHHbIe Ha [TI1P, cTaHOBATCS He3aMEeHUMBIMIA,
nockonbky [P BkToyaeT sTan aMmmmuKanum, 9To fie-
naeT ero 6osee YYBCTBUTEIbHBIM. [lOIIOTHUTE/IBHOE TIpe-
uMyiectso IIIIP B peasbHOM BpeMeHM — OTHOCUTE/Ib-
Has POCTOTA U YA0OCTBO MCIIONIb30BAHNA 110 CPAaBHEHNIO
C BbIIlIETIepeYNCIEeHHbBIMI MeTofaMu [2].

OcHOBHBIE 3TaIbI IPOTOKO/IA KOMMYECTBEHHOTO aHaJIN-
3a aKcrpeccuy reHos MetofoM II1IP B peanbHOM BpeMeHM:
1. IDraHuMpoBaHUe 9KCIIEPUMEHTA.

BoizienieHne 1 OlleHKa HYK/IEMHOBBIX KICTIOT.
[Tposenenne obparHoit Tpanckpumniuy (OT).
Ontummsanusa pexumosn [P B pearbHOM BpeMeHn,
noctaHoBka I1IIP.

2.
3.
4
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5. AHanM3 JaHHBIX, IOTY4YeHHbIX IIpy nposefgenun I111P
B peaslbHOM BpeMeHM. AGCOMIOTHAs KOMNYeCTBEHHAs
orleHKa. OTHOCUTENbHAA KOMYECTBEHHA OLIEHKa.
STambl BBIJIEIEHUA M OYMCTKU HYKIEMHOBBIX KMC/IOT

U peakiys oOpaTHON TPAaHCKPUIILMM COINPOBOKIAIOTCH

PAOM TPYAHOCTEN B MCIIOTHEHUY U TIOTYy4eHUM O0BbeK-

TUBHBIX Pe3y/IbTaTOB [3,4,5].

Tak, Hanpumep, adpdexruBHocTh cuHTe3da KJIHK Ha-
IpAMYI0 3aBUCUT OT KadecTBa ouncTky PHK [6]. Ceropusa
Ha pBIHKe IIPUCYTCTBYIOT MHOXECTBO HAOOPOB peareHToB
ms ounctku PHK, HO MeTommka kmaccuyeckort ¢beHomb-
HOJI 9KCTPaKIMM OCTAETCA OFHMUM U3 Hanbojiee CTaHAapT-
HBIX nopxofioB [7]. [laHHasA MeTOfMKa He UCKIIYaeT Co-
nepxanns npumeceit [IHK B Boijenensnom o6pasie PHK,
n, Ha060p0T, ocTtatouHbIx KonndectB PHK B BoImeieHHOM
obpasue [JHK. OTo BbI3BIBaeT TPYAHOCTb IPU OLIEHKE
HU3KO3KCIIPECCHOHHBIX TeHoB. OCTaToYHbIe KONMMYeCcTBa
resomHoit [JHK MackupyroT emyHMYHbBIE KOIUU TOMO-
nornynoit kJHK, 4To mpuBOmUT K OMIMOOYHOI OLIEHKe
pesynbraTos IIIIP. Kpome 3T0Oro, CKOpoCTh pennmKanyum
ITHK u nenenus 6akTepuaabHBIX KI€TOK B pas3bl 60Jbllle,
4yeM B 00pasljax TKaHeil 9yKapMOTUIeCKMX K/IETOK.

Mertoponorusa fu3aiiHa TeCT-CUCTEMbI I U3YIEHUS
9KCIIPEeCCUM TEHOB B 3YKApPMOTMYECKON KJIeTKe 3aKJI0-
yaerca B ciepymomeM. IIpajimeppl [/ y4acTKOB Ie€HOB
9YKapMoOT MOAOMPAIOT TaK, YTOOBI OHM OT>KUTANUCh Ha
HOCTIef{OBATeIbHOCTY 9K30HOB 110 00€VIM CTOPOHAM JIJIVH-
HOTO MHTPOHA YTO ITO3BOJIAET OCYLIeCTBUTD AuddepeH-
LMaLVIo [0 aHa/IN3y KPUBOI IUIABIEHM MEXIY aMIUIM-
¢ukanueit kJHK n nmoreHnmanbHO KOHTaMMUHUPYIOIEi
renomHoit JIHK, nayn 3axBaTeIBaloT IpaHULBI ABYX IIOCTIE-
IOBaTeNIbHBIX 9K30HOB, pasfie/ieHHbIX B reHoMmHoi JTHK
VMHTPOHOM, 4YTO MCK/ITIOYaeT aMIUIM(PMUKALNIO TeHOMHO
IHK. IenoM nnpokapnoTt, B OT/IM4MeE, OT TEHOMA 9yKapuoT,
He pasfie/ieH Ha Koaupylolye (9K30HbI) U HeKOMpyoIijye
(nuTpOHSBI) yactu. Marpnunas PHK B atom cryvae cun-
Te3MpyeTcs IO IreHaM XpoMocoMHoit/mnasmupHoi JHK,
M3-3a 4Yer0 HeBO3MOXKHO IOf{00paTh IpariMepsl Ha CTBIKE
Y4aCTKOB 9K30H-3K30H, YTOOBI OHU He OT)KMUIA/INCh Ha KO-
nupytomeM ydactke JTHK.

B atom cryuae nmpu nocranoske TP nmeeT cmbicr mc-
II0/1b30BATh IOTIOJTHUTE/IbHBIN KOHTPOnb — 1pobsl PHK,
He TIOABEPrHYTBIN peakiuy OOpaTHON TPaHCKPUIILVIML.
9ro no3sonut npu ouenke MPHK omnpenennts ypoBeHb
KoHTaMuHanuu resomuon JTHK.

O6paTHast TPaHCKPUIILVIA SABJIAECTCH, IOXKAJYIL, Hau-
6oree poOIEMHOI U TOJIBEPXKEHHOI BapualysaM peak-
et npu nposenernu [P, DddexkTnBHOCTD 06paTHOI
TPAHCKPUIILVM HANIPAMYIO 3aBUCUT OT BHIOPAHHBIX ITpaii-
MepoB. B peaknuu cuHTe3a NepBUYHON LEMM MOXKHO JIC-
H0/Ib30BaTh TeH-ClenyUIHble MpaiMepsl, CIydYaiiHble
(Random) nparimepsr nin oligo (dT) npaiimepsr. OtcyT-
crBue Ha 3" koH1e MPHK npokapuot poly (A) — XBocToB,
nenaet HeaPekTUBHBIM yctonb3oBanue oligo (dT) mpaii-
MepoB. Ilonu-(A) mocnemoBaTenbHOCTY OaKTepHaabHBIX
MPHK 3HaunTenbHO KOpoue cOOTBETCTBYIOLINX 3YKapHO-
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TUYeCKUX. VIX I/IMHA, B cpefiHeM, COCTaB/AeT Bcero 14-16
HyK/1eoTnoB (80-200 — y sykapuor), a IOIMaieHNIN-
poBaHbl uib oT 1% mo 40 % monekyn MPHK kaxporo
ompezesieHHOTro Biaa B KineTke (~100% B ciyuae <Pr),
[MTonnapennnnposanue MPHK karamsupyer nonm (A) —
HOo/MMMepasa, KOTOpas OCYLIeCTB/IAET He3aBUCUMOE OT
MaTpUIbl TOCTEf0BaTeNbHOE MPHCOENUHEHNE OCTATKOB
apennnara K 3’-OH-kxonnam monexyn PHK.

HekoTtopble yue6HbIe T0COOMsT PEKOMEHAYIOT VICIIOJIb-
30BaTh CIy4ailHble WM TeH-Crerdudeckne IpaiMepbl
st 6akrepmanpupix PHK [2]. Opnako, reH-cnerudu-
4yecKue IpaiiMepsl, ucrnonbsyemble B IIIIP B peanrbHOM
BpEeMeHM VMMEIOT TeMIepaTypy IUlaBieHys Boie 50 °C,
YTO fleflaeT HEBO3MOXKHBIM NCIIONb30BaHNE VX C K/IACCH-
yeckoil MMLV peBepTa3soili, MMeOMNII TeMIIepaTypHbIil
Makcumym B 42 °C.

CymecTByromie METOIMKIM 1 IIPOTOKOJIBI 3aTOYEHBI Ha
paboTy ¢ 9yKapMOTUYECKMMI K/IeTKaMu. VIHTepec K mus-
YYEHUIO MOJEKY/IAPHBIX MEXaHI3MOB 3KCIPECCUN TeHOB
U ee OLIeHKM B IPOKAPMOTNYIECKOI K/IeTKe 00yC/IOB/IeH He-
JIOCTATKOM MCC/IefOBAHNII IO JAaHHOMY BOIIPOCY ¥ PSAIOM
MeTomonorndeckux npobmnem [8]. B psage 6nonormyecknx
3ajlad VICCIeOBaHMe TPAHCKPUIITOMA OaKTepuil MOXeT
ObITH KpaiiHe MHPOPMATUBHBIM. Tak, ObI/IO IOKa3aHO, YTO
6axtepun Helicobacter pylori 3 pa3HbIX y4aCTKOB OJJHOTO
U TOTO >Ke MOPa’KeHHOTO >KeTyAKa He OTINYAITCA TeHe-
TUYECKM, HO CYJIBHO OT/INYAIOTCS IO YPOBHIO 9KCIIPECCUN
reHOB (T.e. 6aKTepuy HaXOAATCS B Pa3HBIX (PYHKIVIOHAID-
HBIX COCTOAHMAX). IIpn sTom mpoduib sKcIpeccun Mo-
JKeT 3HAUUTETbHO OTIMYATbCS — JO COTHU T'€HOB C CY-
I[ECTBEHHO Pa3HBIM ypoBHeM akcmpeccun [9]. Vsyuas
9KCIIPECCUIO T'€HOB, CBSI3AHHBIX C KIETOYHBIM IIVIKIIOM
Y BPOXOKelt, ydeHble 0OHAPYXWIN, YTO HOMUHMPYIOLe
PEXMMBI SKCIIPECCUM MOTYT OBITh CBA3AHBI C Pa3/INYHBI-
MU OMO/TOrYeCKUMY (PYHKIVIAIMM, TAKMMI KaK (pasbl Kite-
TOYHOro IMKia [10].

Llenbio aHHOI pabOTHI ABJIANIOCH U3Y4YeHVe MeXaHN3-
Ma 9KCIIPeCcCcuy TeHOB Y IPOKapUOT Ha IIpUMepe TeHOB TH-
pasel b u konmnarenaser Aeromonas salmonicida ASI.

OO0'BEKTHI I METObI

Obwvexmuvl  uccnedosanus: — wWTamMm  Aeromonas

salmonicida ASI u3 mabopaTOPHOIT KOMIEKIININ:

— Aeromonas salmonicida, oxmBneHHas KymbTypa Ha
TSB-6ynboHe ¢ T/II0K03011;

— Aeromonas salmonicida Ha arapusoBaHHOI cpeze
PCA;

— Aeromonas salmonicida Ha TSB-6ynboHe ¢ rr0k030it
6e3 nHAyKTOpa (24 4 Ky/IbTUBUPOBAHNA);

— Aeromonas salmonicida Ha TSB-6ynboHe ¢ rr0k030it
C MHIYKTOPOM (24 4 Ky/TbTUBMPOBAHNA);

— AxTyBMpOBaHHBIT Aeromonas salmonicida Ha menTon-
HOI cpefie C MHAYKTOPOM (24 4 Ky/IbTUBUPOBAHISA);

— HeaxtusuposanHslit Aeromonas salmonicida Ha memn-
TOHHOII Cpefie ¢ MHAYKTOpoM (24 4 KyJIbTMBMpPOBA-
HUA);
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PHK n x/THK nepeuncneHHbIX 00pasIioB.

MemoOvt uccnedosanus:

Kynvmypanvoiii memoo

C nenpio nomyyeHnsa 6momaccsl s Beigenenns PHK
VICHIO/Ib30BA/IM  TJTyOMHHBI METOJ, KYIbTMBMPOBAHIA
MUKpPOOPTaHM3MOB B >XMJKON nuTarenbHoit cpene (TSB-
Oy/IbOH C IVIIOKO3011, OoraTas HENTOHHAs cpefa) U IO-
BEPXHOCTHBIII METOJl Ky/IbTUBUPOBAHNUA HA arapu3oBaH-
Holt nuTtarenbHoit cpefie (PCA). B xauecTBe MHAyKTOpa
VICIIO/Ib30BA/IM PACTBOPMMYIO (PPaKIVIO KOJIIAreHa.

Buidenenue PHK

Ilna Beienenuss PHK or6upanu 50 Mk cycniensuu (1,0
MacFarland). Boinenennie PHK mpoBopmnn MeTogoM Mar-
HUTHBIX YaCTUI] Ha pOOOTU3MPOBaHHOI cTaHIy MagNA
Pure LC2.0 Instrument (Roche, IlIBeitijapus), ncnonp3ys
Habop ma Boifenennsa MagNa Pure LC RNA Isolation Kit
High Performance.

ITonuadenunuposarue PHK

Vonuuenue 5° xonua M-PHK npoBopgumm ¢ nomompio
Habopa E. coli Poly (A)- Polimerase (NEB) cornacho npo-
tokony  (https://www.neb.com/produCts/m0276-ecoli-
poly-a-polymerase/).

ITonyuenue xk/THK (o6pammas mpanckpunuus)

IMonywamu x[JHK ¢ mnomompio Habopa peareH-
TOB I IpoBefieHMs obpaTHoit TpaHckpunuymn (OT)
(OO0 «CuHTOM») COITACHO VHCTPYKLUM C MCHO/Ib30-
BaHNEM TIeH-CIelupuyecknx IpaiiMepoB, CIy4aitHOTO
(Random) mpaiimepa u mpaiiMepa coOCTBEHHOI paspa-
6otku ¢ nonu (T) aganrepom.

1P

JInsajiH npaiiMepoB U MX NPOBepKa C MOMOIIbIO IIPO-
rpamM  Primer-BLAST  (http://www.ncbinlm.nih.gov/
tools/primer-blast/) n Oligo Analyzer 3.1 (http://eu.idtdna.
com/calc/analyzer).

®opsapp nmparimep k reny gyrB: GTGTCTCCATCC-
GTCTGCAA

Pesepc nmparimep k reny gyrB: CCTTGATACCGCCCT-
CATAGC

®opsapp npaitmep k reny colA: TCAGATAGTAG-
GTGGAGAGGGTCA

Pesepc mnparimep k reny colA: ATCTCATCCGTCAT-
CACAGCC

Yuusepcanphblit pesep npaiimep: GCCTCTGCCCA-
CAATGCT

Bri6paHHbIe TpaiiMepbl 6aKTepuil ObIIN MCIIONb30Ba-
Hbl 14 nposefenus [P B peampHOM Bpemenn. Temrre-
parypy IiaB/ieHus onpepensm in silico ¢ npumeHennem
uHTepaKkTUBHON nmporpamMmel UMELT*M (https://dna.utah.
edu/umelt/um.php).

ITocranosky TP n nsy4yeHne sKcIpeccuy TeHoOB IIpo-
Bomym Ha npubope «AHK 32« (OOO «Cunron«, Poccns).

Pe3ynbrarsl u 06cyxeHne

[l/1s1 IoyYeHMst KJIETOYHOM KY/IbTYpbl Aeromonas sal-
monicida AS] ¢ HUSKUM ypOBHEM 3KCIIPeCCUU T'€HOB JI0-
MAILIHEeTO X03:JICTBA 1 TeHa KOJIIAT€HA3bI ee BbIPAIMBaIn
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Ha 00eJHEHHOII MUTATe/TbHOI Cpefie C KOJUTar€HOM B Tede-
HUE 24 4 10 JOCTIVDKEHUA CTaJuy POCTa KJIETOK BBIXOJA
Ha wiato. [Tocne Boimenenust PHK 6pia mposegena OT co
cny4dariabeiM (Random) nparimepom ¢ mocnenyromeit ITITP
B peajIbHOM BpeMeHM CO Clielnu4ecKMN IpajiiMepamu
K reHaM rupassl b u komrarenasst (Puc.1 u Puc. 2). B xave-
cTBe oTpunarensbHoro Koutposns (OKO) ucnonb3oBanach
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peakius 6e3 BHecenust MMLV peBepraspl. JlaHHas pe-
aKLMs I03BO/IM/IA HAM OLIEHUTh OCTATOYHOE KOJIMYeCTBO
ITHK B npo6e, Boienennoi PHK.

Ha Puc. 1 u Puc. 2 Bupgno, uro kpussie OKO PHK
BBIIIUIM IPMMEPHO Ha TeX >X€ IMK/IAaX, YTO M KpUBbIE
OIIBITHBIX 00PA3I[0B — IeHa TMpasbl U TeHa KOJUIareHasbl
(Ct =33 - 34 k).

Gyrase gene

OKO Aqua

1 2 3 & §$ & 7 5 9% %W 11 12 1) M 1S MO WY XD

NN NN UMMM QO

Puc. 1. Kpusbie ammmu¢uxanun x THK, nonydenHoit B pesynbraTe 00paTHOl TpaHCKpunimu co cny4ainbiM (Random) npaiiMepom Ha rex

rupassl b (Gyrase gene)
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Puc. 2. Kpusbie ammmdnkaunm x[THK, nomydenHolt B pe3ynbraTe 00paTHOI TpaHCKpUILMH co cny4aitipiM (Random) mpaiiMepoM Ha reH

xosareHassl (Collagenase gene)
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ITpu sTom orpunarenbuble KoHTpomu TP peakuym
(OKO Aqua) He majy MOIOXXUTEIbHOM peakIuy, 9To ro-
BOPUT O CIelM(PUYIHOCTY IPOBEJEHHON peaKuyunu U OT-
CYTCTBUU NpaliMepPHBIX JYIMEPOB.

Beixon kpmBbix ammmbukanyyn OKO PHK napsamy
C KpUBBIMY aMIUINUKALIMA OIBITHBIX 00pa3l[oB — reHa-
MU T'Mpasbl ¥ KOJUIareHasbl, CBUMETENbCTBYET O COflepyKa-
HYM IpuMecn octarouHol reHomuoit [IHK A. salmonicida
ASI. Opnaxo, nonoxurenbHasa peakina OKO PHK we o03-
HayaeT OTCYTCTBMe B obOpasue cneruduyeckoit kJHK,
¢onosaa JTHK mpocto mackmpyer ee Hammanme. Copep-
anue npumecn ocraroynoit [JHK B obpasie PHK uacrto
CBA3aHO C Ka4eCTBOM OYMCTKM HYK/IEMHOBBIX KUC/IOT Ha
3Tare BbIJelIeHNs U MOXKeT IPUBOJUTD K JIOKHOIIONIOXKM-
TenbHbIM pesynbTaTam IILIP-OT. Breicokoe copepkaHue
¢donosoit THK B mpobax Beimenennoit PHK moxer 6bITH
CBA3aHO C KpaiiHe BblcOkuM cofepkanyeM [JHK B kynb-
TYPaIbHONM XUAKOCTY OTMepHINX KIeTOK. COOTBETCTBEH-
HO, IIpu ucnonb3oBaHuy Random mpaiimMepa BO3SHMKaeT
CJIOYKHOCTD OLIeHKV YPOBHS HU3KOIKCIIPECCHOHHBIX T€HOB.
K TakuM reHaMm OTHOCHUTCS, HaIpuMep, 'eH KOJIIareHas3bl
A. salmonicida, ypoBeHb SKCIIpeccyy KOTOPOTO 3aBVICUT OT
IUTATeNbHBIX CBOJCTB Cpefbl KY/IbTUBMPOBAHNUA ¥ IIPU-
CYTCTBM: MHIYKTOPOB CYHTe3a B YCIOBMAX ONTYMA/IbHOI
UL pa3BUTHA TeMIlepaTypbl U 3HadeHys pH. [11].

[l peuteHus mpo6nemMbl BBICOKOTO (OHOBOTO CO-
mepxanna JHK B npo6ax PHK namm 6pi10 mpumHsATO
pemeHne «npummuTh« K monydaemoit kJJHK mpaiimep-
HBIIl afjanTep ¢ HeroMonornyHoy 6axrepmanpHoit JHK
IIOCTIef0BaTeNbHOCTDIO. [IpaliMepHBIl afjlaniTep CIy>KUI
ObI MECTOM OT)KNTa YHUBEPCA/JIbHOTO peBepc IpariMepa
B IIIIP B peaslbHOM BpeMeHM, YTO CYILIECTBEHHO OBI I10-
BBICWIO CIelMPUIHOCTD peakiyn. OfHAKO, «IIPUIINTHK
apanrep k k[JHK moxHo Tonbko uepes oligo (dT) mpaii-

mep. Ho Ha 3" konue y 6onpumacTBa Monekyn MPHK mpo-
KapuoT OTCYTCTBYIOT IO/M-(A) IOC/Ie0BAaTeTbHOCTH VN
OHJI OYeHb KOPOTKMe, 4TO fiefaeT Hed(PeKTMBHBIM NC-
nonb3oBanye oligo (dT) mpaiimepos. B mopTBepxpenyn
aToro 6Op1a mposefieHa nmoctaHoBka OT ¢ 06bpryHbIM 15T
oligo (dT) mpaitmepom n obpasuamu Boigenennornr PHK.
[TomrydyeHHBIE pe3y/NbTATHl IOATBEPAVIIN TeOpeTUIecKue
naHHble, oligo (dT) mpaiimMep u3s-3a orcyTcTBUA HOMNU-(A)
IIOCTIENOBATEIPHOCTY He OTKuraerca Ha monekyne PHK,
n kIHK ne cunTesupyetcs. B IIIIP B peanbHOM BpeMeHU
KpUBBIe aMIUIM(MKanny norydeHHbIXx obpasnos k JHK
BBIILIIY HA YPOBHE OTPUIIATEILHOTO KOHTPOJIA, II03TOMY
rpaduyeckye JaHHbIE Mbl PelIV/IN He IIPUBOJUTD B 9TON
cTarbe.

Jlna pemennsa 3Toil HpoOIEeMBI MBI MCIONb30BAJIN
npoTokon nonuageHmnuposanus MPHK, xoropsii mc-
HO/Ib3YeTCs [ MOBBINIEHNA NPORYKTUBHOCTY CUHTE3a
TPAHCTeHHBIX 0€/IKOB B K/IETOUHBIX KY/IBTYpaxX 9yKapuoT
(NEB).

[Tocne Boipenennsa PHK 6b110 mpoBeneHo ee monuage-
HIIMpPOBaHMe ¢ IToMolbio o (A) mommepassr E. coli
(NEB). B obparHOil TpaHCKpMIIIM ObIT MCIIONb30BaH
yHUBepcanbHbIl AKopHbI mpaiiMep 15T oligo (dT) co
CIlelMabHBIM afianTepoM. [IBa KpallHMX HYKJIeOTH[a
mpariMepa Mo 3'KOHIy KOMIUIEMEHTAPHbBI HYK/I€OTUIaM
CTOII-KOJJOHa TPAaHCKPUOMpPYeMOil MOC/IeN0BaTe/IbHOCTI
JHK. IIpu nocranoske IIIIP ¢ kK THK, nony4enHoit B pe-
3y/bTaTe Takoi oOparHoi TpaHcKpumiuy, Kpusag OKO
PHK (nmpo6a PHK, He mopBepruyTas peakuuu obpar-
HOJl TPaHCKpUIILIMM) He aMIUMuuMpoBanach. To ecTb
VICITO/Ib3YEeMBbIN IIpaiiMep MCK/IYaeT KOMIUIEMEHTAapHOE
coenvHeHne ¢ ¢onosoit reHomuon [JHK n omxuraercs
tonbko Ha Monekyne PHK ¢ momu-(A) nocnenosarenbHo-
crbio (Puc. 3).

2 4

% % 30 2

Puc. 3. Kpusble ammnuduxannn xJIHK rena xomnarenassr (Collagenase gene), 1ony4eHHoI B pe3y/bTate 00paTHON TPAHCKPUIILINY C «AKOP-

upiM» 15T oligo (dT) mpaiimepom

44



2018 | N22 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

gene Random

Gyrase gene

Collagenase
gene 5
("axopusit” Gyrase gene 5
oligo (dT)) “axopuLi” 1
oligo (dT) E
|
|
i
Collagenase |
|

Random

1)

. e e »w w . -

e R M » e L

Puc. 4. Kpusbie amnnuéukarmy K JHK renos xommarenasst i rupasst A. salmonicida. OT60p KyIbTypbI CO Cpefbl ¢ ITIIOK030i1 6e3 HHAYKTOpa

Hanmudane B 60raToli IENTOHHOI Cpefie pacTBOPUMOIL
¢dhopMBI KoJUIareHa MOBBIIIAET YPOBEHb IKCIpeccun dep-
MEHTa, B TO BpeMs KaK Cpefia C I/II0K03011 6e3 MHAYKTOpa
CHIDKAeT YpOBEHb 3KCIIpeccuM TeHa KojulareHasbl. Vic-
moIb30BaHMe pazpaborannoro Hamu npotokoma [TIIP OT,
IIO3BOJISIET OLIEHUTb IKCIPECCUMIO TeHa KOJIIar€Hasbl Ha
BCeX 3Talax KyJIbTUBMPOBAHMA MUKPOOPraHM3MA, B TOM
qIICTIe I MMHUMAIbHYIO 9KCIIPECCUIO IIPY POCTE KY/IbTYpPbl
Ha Ccpefie ¢ I/II0K030it 6e3 nHpykropa. Jlorapudmudeckuit
poct xpusoit ammmidukanuu kJHK B atom cnyuae npo-
XonuT Ha 26-28 muknax (Puc. 4).

I[Tpu saTom, npu ucnonbzopannu Random mpaiimepa He
yhaeTcsA OLeHUTDb HU3KYIO 9KCIIPeCCHIO FeHa KOJIareHas3hl,
kpuBas ammmidukanuu kJHK B atom cnydae nmubo He
BBIXOJUT Ha IUIATO, MO0 BBIXOAUT HA IIOCTIEHUX IIMKIaX
IILIP.

JI14 3aK/II0YUTENBHOTO CPaBHEHMA JIBYX IIPOTOKOJIOB
nposenennsa OT 6bUIM IpoOBefeHBbI [jBe Mapajle/ibHble
IIOCTAHOBKM C JCHO/Nb30BaHueM cny4aitHoro (Random)
npajiMepa U CMOJIEIMPOBAaHHOTO HaMIU CHHTETHYECKOTO
AxkopHoro mpariMepa oligo (dT) ¢ ajanrepom. C mony-
YeHHBIMM B pe3yjbrare oOpaTHOI Tpanckpunuuu kJHK
ObUIM IIPOBeZieHbI JiBe Mmapajule/ibHble mocTaHoBKy [TITP.
CpaBHzenune pesynbraTtoB IIIP ¢ ncnonb3oBanuem x/IHK,
MOTYy4YeHHO! B pe3ynbTaTe OOpPaTHON TPaHCKPUIILINN
C pasHBIMM IIpajiMepaMu IpefcTaBaeHsl B Taor. 1.

Kak BupHo B Ta61. 1 pasHuIla IMKIOB BBIXOAA KPUBBIX
TeHOB TIMpasbl U Ko/UlareHasel Aeromonas salmonicida
(ACt) ¢ ncrionb3oBaHMeM 3TUX JBYX IPOTOKO/IOB He 3Ha-
yprenbHa (mpuMmepHo 1-2 mmxia). Takum obpasom, mc-
[I0/Ib30BaHMe CMOJEeNMPOBAaHHOIO HAMI CMHTETUYECKOTO
AKopHoro mnpaiiMepa oligo (dT) He moBmusAIO Ha pe3yb-
tarbl [11IP 1 mpuBeno K mMOTy4eHnio aHaIOTUYHBIX C MC-
nonb3oanneM Random mpaiiMepa JaHHBIX.
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Ta6nuua 1. CpaBHUTeNbHBIIT aHaMN3 pe3ynbraTos ITITP
10 pe3ynbTaTaM IByX NapanienbHbIX HocTaHOBOK OT

O6paszen xTHK

Pa3HMIIa IMKIIOB BBIXOa KPMBBIX
T€HOB IMPas3bl M KOTaTeHa3bl
(ACt) OT co cryyaitnpiM

Pa3HMIIa IUK/IOB BBIXO/Ia KPUBBIX
T€HOB IMPa3bl M KONIaTeHa3bI

(Random) mpaiimepom
(ACt) OT c cunrermaecknm poly

(T) mpaitmepom

Aeromonas salmonicida, o;xuBnenHas
KynbTypa Ha TSB-6y1boHe ¢ II0K030ii

N

,03

w
“w
o

Aeromonas salmonicida Ha
arapusoBaHHoI1 cpene PCA

N
-
'S
W
(=4
o

Aeromonas salmonicida na TSB-
6y/IbOHeE C ITI0K030i 6€3 HHAYKTOpa
(24 4 KynpTHBMpOBaHMS)

0,13

Aeromonas salmonicida na TSB-
6y/IbOHeE C III0KO030ii C HHAYKTOPOM
(24 4 KynpTHBUpPOBaHNS)

5,51 5,14

AXTHUBHMpPOBaHHBIN Aeromonas
salmonicida Ha menToHHOI
cpefie ¢ MHTYKTOpOM

(24 4 KynpTHBUpPOBaHMS)

5,65 7,03

HeaxTuBupoBaHHbI1
Aeromonas salmonicida Ha

NN TOHHOI CPefie C MHEYKTOPOM
(24 4 KynpTHBMpPOBaHNS)

4,39 3,4

BreiBopgbl

B pesynbraTe NpOBeIeHHBIX WCCIENOBAHMIT ObIIN
IPOTeCTHPOBAHBI NPUMEHseMble B peakiuy 0OpaTHOI
TpaHckpunuyy cny4aineni (Random) n mpaiimep oligo
(dT) ¢ «aAxopem» U IpaiiMEepPHBIM afJAIITEPOM COOCTBEH-
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Holt paspaborku. Ilpumenenne oligo (dT) mpaiimepa
CTajll0 BO3MOXKHBIM TOJIBKO IIOC/Ie II0/IMafileHMPOBaHNA
Boifienennoir PHK ¢ momorpio crermanbHOro Habopa
C Monun-A ToNMMMepasoil.

YcTaHOBIEHO, YTO Pa3pabOTAaHHBII HaMM IIPOTOKOI
nposeneHus obparnoit Tpanckpunnyy (OT) ¢ ncnonbso-
BanueM oligo (dT) mparimepa u ompepeneHHOI OCIERO-
BaTeJIbHOCTDBIO aflaliTepa Ha €ro 5° KOHIIe, IpeHa3HaueH-
HOIO JyIA Ja/IbHENIIETO OT)KUIA peBepc-IIpaliMepa IpuU
nposenenun II1IP B peasbHOM BpeMeHM HapAny ¢ Ipef-
BapUTeNbHBIM NonuageHnmnposanneM PHK nckmogaer
crienudryecKyo aMInuKanmuo oCTaTOYHOM GOHOBOI
renomuon [THK.

JJaHHasg MeTOAMKa MOXKeT HalTU IpUMeHeHue
B OLlEHKe yPOBHA 3KCIPEeCCUM HM3KOIKCIIPECCHOHHBIX
TeHOB IIPY BBICOKOM COfiep>KaHuu IpuMecyu (pOHOBOIL re-
HoMHoi1 [JHK B o6pasue PHK, Hanpumep, Ha KOHeUHOI1
CTafuy 10rapuPMUIecKoro pocTa IPOKAPUOTUIECKO
KJIeTKH.

Introduction

Any type of cells in any organism have a complete set of
genes special to the organism independent of their func-
tion. In any organism, cells of different tissues and organs
differ in their functions and expressed proteins. Moreover,
at different developmental stages, different proteins are
synthesized and function in the same cell. However, any
cell contains a certain set of genes that support the vital
functions. Such vital genes are expressed in almost all tis-
sues and cells at relatively constant level. They are defined
as «housekeeping genes« and function everywhere in the
organism at all the stages of life cycle. Methods for gene
expression studying use the housekeeping genes as refer-
ence genes, versus which the expression of target genes is
determined.

While containing full genetic information, each cell, at
a certain stage of development, uses only the part that is
needed at the moment. Only those genes whose products
are needed by the cell immediately to perform its functions
are transcribed. The cell must have mechanisms to deter-
mine which genes and in what order should be expressed
(in other words, give the product, i.e. RNA or protein) and
which ones should be suppressed. In this case, mRNA of
genes, the expression of which is suppressed rapidly, de-
grades in the cellular matrix, in contrast to the DNA of
dead cells, for example.

The constant change in the expression of certain genes
is manifested primarily at the level of transcription. This
affects the number of RNA molecules, mainly mRNA.

Therefore, the quantitative analysis of gene expression
is the analysis of transcriptome, i.e. transcriptional activity
measurement of the gene, by determining the amount of
its product, matrix RNA (mRNA), which is universal for
most genes. While the final product of gene expression is
usually proteins, rather than mRNA.
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VYcinoBHbIe 0003HAYEHU A

qIIIIP KonuyecTBeHHas momiMepasHas HelHas peaKis

IIpaiimep IIpaiimep, B KOTOpOM IBa KpaliHIX HYKIeOTHA

C «AKOpeM» MO0 3’ KOHIYy KOMIZIeMEHTAaPHBI HYK/IeOTHUIAM

VTN AKOPHBIl  CTON-KOJOHA TPAHCKPUOMPYeMoii MoCIefoBaTenb-

npaiiMep Hoctu THK

JJHK Jle30KcHpNOOHYKIeNHOBAs KICTIOTA

PHK PuboHyknenHoBas Kucmora

MPHK MarpuyuHas puOOHYKIeNHOBas KICIOTA

KITHK KomnnemeHnTapHas 1e30KcHpUOOHYKIEMHOBAA
KICTOTa
Konen nommuykneoTnsa, Ha KOTOPOM PacnonoXeH

3" xoHer HYK/IeOTHJ co cBoOogHoi1 OH-rpynmoii y TpeTbero
YITIEPOHIO aTOMa PU603BI WIN Ae30KCHPIOO3BI.
Konen nonmHyKmeoTnsa, Ha KOTOpOM pacHonoxeH

5' KoHery HYK/IeOTHJ co cBo6ogHoit OH-rpynmnoii naroro
aToMa yriepoya pu6o3ssl 1an ge30Kcupuoo3bl.

oT O6parHas TpaHCKPUIIUS

poly (A) — @parment monexynsl MPHK, asoTucrbie ocHoBa-

XBOCTbI HIIs1 KOTOPOTO NPe/ICTaBIeHbl TOMBKO a/IeHITHOM

OKO OrpunarenbHblii KOHTPONIb

To measure the amount of mRNA, the following methods
have been developed: quantitative real-time PCR (qPCR)
used to analyze the expression level of several genes; com-
parative genomic hybridization on chips (CGH) that allows
to register quantitative changes in gene expression directly
on chromosomes; microchips that help to obtain data on the
expression level of large number of genes; next-generation
parallel sequencing of RNA (NGS) [1]. Hybridization and
next-generation sequencing methods are the gold standards
for gene expression evaluation, but they require the avail-
ability of large and expensive equipment. Only specialized
medical genetic centers can purchase such equipment, but
not all the standard laboratories. Analyzing gene expression
by hybridization requires higher level of RNA than usually
available in experiments (for example, small amounts of
cells or tissues). In these cases, methods based on PCR be-
come irreplaceable, since the PCR includes an amplification
step, which makes it more sensitive. An additional advan-
tage of real-time PCR is relative simplicity and ease of use in
comparison to the above methods [2].

The main stages of the quantitative analysis protocol of
gene expression by the real-time PCR method are:

Design of experiment.

Isolation and evaluation of nucleic acids.

Performing of reverse transcription (RT).
Optimization of the real-time PCR modes, PCR run.
Analysis of data obtained during real-time PCR. Ab-
solute quantitative evaluation. Relative quantitative
evaluation.

The stages of nucleic acid isolation and purification and
the reverse transcription are accompanied by a number of
difficulties in performing and obtaining objective results
(3,4,5].

For example, the efficiency of cDNA synthesis depends
directly on the quality of RNA purification [6]. Nowadays,
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there are many kits of RNA purification reagents on the
market, but the classical phenol extraction technique re-
mains one of the most common approaches [7]. This tech-
nique does not exclude the content of DNA impurities
in the isolated RNA sample and, conversely, the residual
amounts of RNA in the isolated DNA sample. This is prob-
lem for evaluating low-expression genes. Residual amounts
of genomic DNA mask single copies of homologous cDNA,
which leads to erroneous evaluation of PCR results. In ad-
dition, DNA replication rate and bacterial growth rate are
several times higher than in eukaryotic tissue samples.

The methodology of test system designing for gene
expression evaluation in a eukaryotic cell is as follows.
Primers for eukaryotic gene sites are selected so that they
are annealed on the exon sequence on both sides of the
long intron. This allows differentiation between amplified
cDNA and potentially contaminating genomic DNA by
the analysis of the melting profile. Furthermore, bound-
aries of two consecutive exons separated by the intron in
the genomic DNA may be included, which prevents ge-
nomic DNA amplification. Prokaryotic genome, unlike
the eukaryotic one, is not divided into coding (exons)
and noncoding (introns) parts. In this case, messenger
RNA is synthesized by the genes of chromosomal/plas-
mid DNA. That is why it is impossible to select the prim-
ers at the exon-exon junction, so they are not annealed to
the coding region of DNA.

In this case, when running the PCR, it is reasonable to
use additional control, RNA samples, not subjected to the
reverse transcription. This allows to determine the level of
contaminating genomic DNA when evaluating mRNA.

Reverse transcription seems to be the most problem-
atic and varying reaction in PCR. Reverse transcription ef-
ficiency directly depends on the selected primers. In the
primary chain synthesis reaction, gene-specific primers,
i.e. Random primers or oligo (dT) primers may be used.
The absence of poly (A)-tails on 3"-terminus of prokary-
otic mRNA makes oligo (dT) primers ineffective. The poly
(A) sequences of bacterial mRNAs are significantly shorter
than the corresponding eukaryotic sequences. Their length
is on average only 14 to 16 nucleotides (80 to 200 in eukary-
otes), and only 1% to 40% of mRNA molecules of each
certain type are polyadenylated (about 100% in the case
of eukaryotes). Polyadenylation of mRNA is catalyzed by
poly (A)-polymerase, which performs matrix-indepen-
dent sequential attachment of adenylate residues to 3’-OH-
termini of RNA molecules.

Some textbooks recommend using random or gene-
specific primers for bacterial RNA [2]. However, gene-spe-
cific primers used in real-time PCR have a melting point
above 50 °C, which makes it impossible to use them with
the classical MMLV revertase acting maximum at 42 °C.

Existing methods and protocols are customized to work
with eukaryotic cells. Interest in studying the molecu-
lar mechanisms of gene expression and its evaluation in
prokaryotes is due to the lack of research and a number of
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methodological problems [8]. In a number of biological re-
searches, the study of bacterial transcriptome may be very
informative. Thus, it was shown that Helicobacter pylori
from different parts of the same affected stomach do not
differ genetically, but greatly differ in the level of gene ex-
pression (i.e. the bacteria are in different functional states).
At the same time, the expression profile may significantly
differ, so up to hundreds of genes may have significantly
different levels of expression [9]. In studies of the expres-
sion of genes associated with cell cycle in yeast, scientists
have found that dominant expression modes may be asso-
ciated with various biological functions, such as cell cycle
phases [10].

The aim of this work was to study the gene expression
mechanism in prokaryotes evidence from Aeromonas sal-
monicida ASI gyrase B and collagenase genes.

Materials and methods

Materials:

Aeromonas salmonicida ASI strain from the laboratory
collection:

— Aeromonas salmonicida, live culture in TSB broth with
glucose;

— Aeromonas salmonicida on PCA agar medium;

— Aeromonas salmonicida in TSB broth with glucose and
no inducer (24-hour incubation);

— Aeromonas salmonicida in TSB broth with glucose and
inducer (24-hour incubation);

— Activated Aeromonas salmonicida on a peptone medi-
um with inducer (24-hour incubation);

— Non-activated Aeromonas salmonicida on a peptone
medium with inducer (24-hour incubation);

— RNAs and ¢cDNAs from the listed samples.

Methods:

Cultural method

To obtain biomass for RNA extraction, submerged
incubation of microorganisms in a liquid medium (TSB
broth with glucose, enriched peptone medium) and sur-
face incubation on an agar medium (PCA) were used.
A soluble fraction of collagen was used as an inducer.

RNA extraction

For RNA extraction, 50 pl of the suspension was se-
lected (1.0 MacFarland). RNA extraction was carried out
by magnetic particles on automated MagNA Pure LC2.0
Instrument (Roche, Switzerland) using High Performance
MagNa Pure LC RNA Isolation Kit.

RNA polyadenylation

Elongation of mRNA 5’-terminus was performed using
the E. coli Poly (A)-Polymerase (NEB) kit according to the
protocol  (https://www.neb.com/produCts/m0276-ecoli-
poly-a-polymerase/).

Obtaining cDNA (reverse transcription)

The cDNA was obtained by Reverse Transcription (RT)
reagent kit (Sintol LLC) according to the instruction using
gene specific primers, Random primer and a proprietary
primer with a poly (T) adapter.
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PCR

Primer design and testing using Primer-BLAST (http://
www.ncbi.nlm.nih.gov/tools/primer-blast/) and Oligo An-
alyzer 3.1 (http://eu.idtdna.com/calc/ analyzer) were car-
ried out.

Forward primer to gyrB gene: GTGTCTCCATCC-
GTCTGCAA

Reverse primer to gyrB gene: CCTTGATACCGCCCT-
CATAGC

Forward primer to colA gene: TCAGATAGTAGGTG-
GAGAGGGTCA

Reverse primer to colA gene: ATCTCATCCGTCAT-
CACAGCC

Universal reverse primer: GCCTCTGCCCACAAT-
GCT

The selected bacterial primers were used to carry out
real-time PCR. The melting point was determined in silico
using uMELT™ interactive software (https://dna.utah.
edu/umelt/um.php).

PCR running and gene expression studies were per-
formed on ANK 32 instrument (Sintol LLC, Russia).

Results and discussion

To obtain Aeromonas salmonicida ASI cell culture with
low-level expression of housekeeping genes and collage-
nase gene, cells were grown on a depleted medium with
collagen for 24 hours before reaching the plateau phase.
After RNA extraction, RT was performed with Random
primer followed by real-time PCR with specific primers to
gyrase B and collagenase genes (Figure 1 and Figure 2). As
a negative control (NC), a reaction without the introduc-
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tion of MMLYV revertase was used. This reaction allowed
to evaluate the residual amount of DNA in the sample of
extracted RNA.

Figures 1 and 2 show that NC RNA curves appeared ap-
proximately on the same phases as the test sample curves,
i.e. gyrase gene collagenase genes (Ct = 33 to 34 cycles).

At the same time, negative controls for PCR reaction
(NC Aqua) did not show a positive reaction, which indi-
cates reaction specificity and the absence of primer dimers.

The yield of the amplification curves for NC RNA along
with the amplification curves for the test samples, gyrase
and collagenase genes, indicates the presence of Aeromo-
nas salmonicida ASI residual genomic DNA. However, the
positive reaction of NC RNA does not mean the absence
of specific cDNA in the sample, because the background
DNA masks its presence. The content of residual DNA
contamination in RNA sample is often associated with the
purification quality of nucleic acids during the extraction
stage and may lead to false positive results of PCR-RT. High
content of background DNA in extracted RNA samples
can be associated with an extremely high DNA content in
the culture fluid from dead cells. Accordingly, when using
Random primer, it is difficult to evaluate the level of low-
expression genes. Such genes include, for example, A. sal-
monicida collagenase gene, the level of expression of which
depends on the nutritional properties of culture medium
and the presence of inducers under conditions of tempera-
ture and pH optimal for the development [11].

To solve the problem of high background DNA con-
tent in RNA samples, we decided to «attach» the primer
adapter with non-homologous bacterial DNA sequence to

Gyrase gene

OKO Aqua
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Figure 1. Amplification curves for cDNA obtained as a result of reverse transcription with Random primer to gyrase B gene
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Figure 2. Amplification curves for cDNA obtained as a result of reverse transcription with Random primer to collagenase gene

the cDNA obtained. The primer adapter would serve as the
annealing site for the universal reverse primer in real-time
PCR, which would significantly increase the specificity of
reaction. However, the adapter may be «attached« to the
cDNA only via oligo (dT) primer. But most prokaryotic
mRNA molecules have very short poly (A) sequences on
3" -terminus or have no such sequences at all, which makes
oligo (dT) primers ineffective. To confirm this, RT was
performed with conventional 15T oligo (dT) primer and
samples of extracted RNA. The obtained results confirmed
the theoretical data. Because of the absence of poly (A)

sequence, oligo (dT) primer is not annealed on the RNA
molecule, and cDNA is not synthesized. In real-time PCR,
the amplification curves of the obtained cDNA samples ap-
peared at the same level as negative control, so we decided
not to demonstrate the graphic data in this article.

To solve this problem, we used mRNA polyadenyl-
ation protocol, which is applied to increase the synthesis
efficiency of transgenic proteins in eukaryotic cell cultures
(NEB).

After RNA extraction, its polyadenylation was carried
out using poly (A) polymerase of E. coli (NEB). Univer-

4
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Figure 3. Amplification curves for cDNA of the collagenase gene, obtained as a result of reverse transcription with 15T oligo (dT) anchor primer
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Figure 4. Amplification curves for cDNA of A. salmonicida collagenase and gyrase genes. Selection of the culture from the medium

with glucose and no inducer

sal 15T oligo (dT) anchor primer with a special adapter
was used in the reverse transcription. The two terminal
nucleotides of the primer 3’-terminus are complemen-
tary to the nucleotides of the transcribed DNA stop co-
don. When running PCR with the cDNA obtained as a
result of such reverse transcription, NC RNA curve (RNA
sample not subjected to the reverse transcription) is not
amplified. In other words, the primer used prevents com-
plementary bonding to background genomic DNA and
is annealed only on RNA molecule with a poly (A) se-
quence (Figure 3).

The presence of soluble collagen in the enriched pep-
tone medium increases the level of enzyme expression,
while the medium with glucose and no inducer reduces
the level of collagenase gene expression. Using our PCR
RT protocol, we can evaluate the collagenase gene expres-
sion at all stages of microorganism incubation, including
minimal expression when the culture grows on a medium
without glucose and no inducer. In this case, the logarith-
mic growth of the amplification curve for cDNA occurs
after 26 to 28 cycles (Figure 4).

At the same time, when Random primer is used, it is
not possible to evaluate the low expression of the collage-
nase gene, because, in this case, cONA amplification curve
either does not reach the plateau or appears at the last PCR
cycles.

For the final comparison of two RT protocols, two par-
allel runs were performed using Random primer and the
developed oligo (dT) anchor primer with adapter. cDNA
samples obtained in the reverse transcription were used in
two parallel PCR runs. A comparison of PCR results using
cDNA obtained in the reverse transcription with different
primers is presented in Table 1.
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Table 1. Comparative analysis of PCR results from two parallel
RT runs

cDNA sample

curves for gyrase and collagenase
genes (ACt) RT with synthetic

curves for gyrase and collagenase
poly (T) primer

Difference in the number of
cycles for the appearance of the
genes (ACt) RT with Random
primer

Difference in the number of
cycles for the appearance of the

Aeromonas salmonicida, live culture in
TSB broth with glucose

Aeromonas salmonicida on PCA agar
medium

hed
3
°

3.09

Aeromonas salmonicida in TSB broth
with glucose and no inducer (24-hour
incubation)

Aeromonas salmonicida in TSB broth
with glucose and inducer (24-hour
incubation)

Activated Aeromonas salmonicida on a
peptone medium with inducer (24-hour
incubation)

Non-activated Aeromonas salmonicida
on a peptone medium with inducer (24-
hour incubation)

0.13

5.51 5.14

5.65 7.03

4.39 3.4

As Table 1 shows, the difference in the number of cycles
for the appearance of the curves for Aeromonas salmoni-
cida gyrase and collagenase genes (ACt) using these two
protocols is not significant (about 1 to 2 cycles). Thus, the
use of the developed oligo (dT) anchor primer did not af-
fect the PCR results and resulted in similar data as for Ran-
dom primer.
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Conclusion

As a result of the research, Random primer and oligo
(dT) primer with anchor and adapter of our own design
were tested, which are used in the reaction of reverse tran-
scription. The use of oligo (dT) primer became possible
only after polyadenylation of extracted RNA using special
poly-A polymerase kit.

It is determined that the developed protocol of reverse
transcription (RT) using oligo (dT) primer and adapter
with certain sequence on its 5'-terminus designed for fur-
ther annealing of the reverse primer during real-time PCR
along with preliminary polyadenylation of RNA excludes
specific amplification of the residual background genomic
DNA.

This technique may be applied in evaluating the expres-
sion level of low-expression genes when high background
genomic DNA content is found in the RNA sample, e.g. at
the end of logarithmic growth of prokaryotic cells.

Abbreviations and terms

qPCR Quantitative polymerase chain reaction

Primer with Primer with two 3’-terminal nucleotides

an «anchor», .
complementary to stop codon nucleotides of the

or anchor .

. transcribed DNA sequence

primer

DNA Deoxyribonucleic acid

RNA Ribonucleic acid

mRNA Matrix ribonucleic acid

cDNA Complementary deoxyribonucleic acid
Polynucleotide terminus, on which the nucleotide

3'-terminus  islocated with a free OH-group in the third carbon
atom of ribose or deoxyribose.
Polynucleotide terminus, on which the nucleotide

5'-terminus  islocated with a free OH-group in the fifth carbon
atom of ribose or deoxyribose.

RT Reverse transcription

oly (A)-tails mRNA molecule fragment, the nitrogen bases of
poly which are represented only by adenine

NC Negative control

BUBINOTPA®GUYECKIUN CITMCOK

1. Sharkey, F.H., Banat, I.M., Marchant, R. (2004). Detection
and Quantification of Gene Expression in Environmental Bacte-
riology. Applied and Environmental Microbiology, 70(7), 3795-
3806.

2. EnpuHueB, A.E., Monos, B.H., ®epopuH, A.H. (2008). UpeHTH-
dukaums U uccrepoBaHue aIKCNPEeCCUU reHoB Yueb6Ho-MeToanYe-
cKoe nocobue AnA By30B. U3paTenbcKo-NoAUrpadpuUecKui LIeHTp
BopoHeXCKoro rocyaapcTBeHHOro yHusepcurerta, 18-29.

3. Bustin, S.A. (2002). Quantification of mRNA using real-time
reverse transcription PCR (RT-PCR): Trends and problems. Journal
of Molecular Endocrinology, 29(1), 23-39.

4. Freeman, W.M., Walker, S.J., Vrana, K.E. (1999). Quanti-
tative RT-PCR: pitfalls and potentials. BioTechniques, 26(1),
112-125.

5. Klein, D. (2002). Quantification using real-time PCR technol-
ogy: applications and limitations. Trends in Molecular Medicine,
8(6), 257-260.

6. Lebuhn, M., Derenko, J., Rademacher, A., Helbig, S., Munk,
B., Pechtl, A., Stolze, Y., Prowe, S., Schwarz, W., Schliiter, A., Liebl,
W., Klocke, M. (2016). DNA and RNA Extraction and Quantitative

Real-Time PCR-Based Assays for Biogas Biocenoses in an Inter-
laboratory Comparison. Bioengineering, 3(1), 7.

7. AuTOHOBa, 0.C., KopHeBa, H.A., benos, 10.B., KypoukuH, B.E.
(2010). 3pPpekTUBHbIE METOABI BLIAEAEHUA HYKAEUHOBBIX KUCAOT
AAA POBEAEHUS aHaAU30B B MOAEKYAIPHON 6uonoruu. 063op.
HayuHoe npu6opoctpoeHnue, 20(1), 3-9.

8. Bachoon, D.S., Chen, F., Hodson, R.E. (2001). RNA recovery
and detection of mRNA by RT-PCR from preserved prokaryotic
samples. FEMS Microbiology Letters, 201(2), 127-132.

9. Pebpukos, A.B., UnbuHcKkui, B.B., KopoctuH, A.O., LLy6uHa,
E.C. (2014). NGS: BbICOKONPOU3BOAUTEABHOE CEKBEHUPOBaHUE.
M, BUHOM. AabopaTtopua 3HaHul. — 232 c.

10. Liebermeister, W. (2002). Linear modes of gene expression
determined by independent component analysis. Bioinformatics,
18(1), 51-60.

11. KoHoH, A.A., MetpoBckuii, C.B., Llamb6ypoBa, M.I0., YBa-
poBa, A.B., Ko3snoBa, 10.0., lpuropbeBa, M.B., MockeuueB, b.B.
(2016). 0co6eHHOCTH HUOTEXHOAOTUII KAOCTPUAUAABHBIX KOAAATe-
Ha3 — NepCcneKTUBHbIX GpEePMEHTOB MEAULIUHCKOIO Ha3HauYeHUA.
MeauumnHa akcTpeManbHbIX cuTyauui, 2(56), 45-57.

REFERENCES

1. Sharkey, F.H., Banat, I.M., Marchant, R. (2004). Detection
and Quantification of Gene Expression in Environmental Bacte-
riology. Applied and Environmental Microbiology, 70(7), 3795-
3806.

2. Eprintsev, A.E., Popov, V.N., Fedorin, D.N. (2008). Identifica-
tion and investigation of gene expression. Educational and meth-
odological manual for universities. Publishing and printing center
of Voronezh State University, 18-29. (in Russian)

3. Bustin, S.A. (2002). Quantification of mRNA using real-time
reverse transcription PCR (RT-PCR): Trends and problems. Journal
of Molecular Endocrinology, 29(1), 23-39.

4. Freeman, W.M., Walker, S.J., Vrana, K.E. (1999). Quanti-
tative RT-PCR: pitfalls and potentials. BioTechniques, 26(1),
112-125.

5. Klein, D. (2002). Quantification using real-time PCR technol-
ogy: applications and limitations. Trends in Molecular Medicine,
8(6), 257-260.

6. Lebuhn, M., Derenko, J., Rademacher, A., Helbig, S., Munk,
B., Pechtl, A., Stolze, Y., Prowe, S., Schwarz, W., Schliiter, A., Liebl,
W., Klocke, M. (2016). DNA and RNA Extraction and Quantitative

51

Real-Time PCR-Based Assays for Biogas Biocenoses in an Inter-
laboratory Compari-son. Bioengineering, 3(1), 7.

7. Antonova, 0.S., Korneva, N.A., Belov, Yu. V., Kurochkin, V.E.
(2010). Methods of nucleic acids purification and separation in
molecular biology. (Review). Scientific Instrumentation, 20(1),
3-9. (in Russian)

8. Bachoon, D.S., Chen, F., Hodson, R.E. (2001). RNA recovery
and detection of mRNA by RT-PCR from preserved prokaryotic
samples. FEMS Microbiology Letters, 201(2), 127-132.

9. Rebrikov, D. V., II'inskii, V.V., Korostin, D.0., Shubina, E.S.
(2014). NGS: high-performance sequencing. M: BINOM. Knowl-
edge lab. — 232 p. (in Russian)

10. Liebermeister, W. (2002). Linear modes of gene expression
determined by independent component analysis. Bioinformatics,
18(1), 51-60.

11. Konon, A.D., Petrovskiy, S.V., Shamburova, M.Yu., Uvaro-
va, A.V., Kozlova, Yu.0., Grigoryeva, M.V., Moskvichev, B.V. (2016).
Features of clostridial collagenase’ biotechnology — emerging
enzymes for medical application. Medicine of Extreme Situations,
2(56), 45-57. (in Russian)



THEORY AND PRACTICE OF MEAT PROCESSING N22 | 2018

CBEJEHIA Ob ABTOPAX
IIpuHamIeXHOCTDh K OpraHU3 AL

Munaes Muxaun IOpbeBrY — KaHAWAAT TeXHMYECKUX HAYK, py-
KOBOJIMTENIb HAIpPAaBIEHUS MONEKYIAPHO-OMONOTMYECKIX HMCCTIe-
[OBaHWII, BeAyIINIi HAYYHBIl COTPYNHUK B naboparopuu «[urmena
IPOM3BOACTBA U MUKpoOuonoruss» DefepanbHblil HAYIHbI LEHTP
mmieBbix cucrem um. B.M. Topbarosa PAH

109316 r. Mocksa, yi1. Tamamxuna 26,

Ten.: +7-495-676-60-11

E-mail: m.minaev@fncps.ru

*aBTOp LA IepeNnCKI

MaxoBa AHXelnKa ANeKCaHJApPOBHA — M/IAMINII Hay4YHBI CO-
TPyAHUK Tabopatopun «[WrieHa MpoU3BOACTBA U MUKPOOUOTOTMSI»
DepepabHBLIT HAYYHBLI LeHTP MMIIeBbIX cucteM uM. B.M. Top6aroBa
PAH

109316 r. Mocksa, yn1. Tananuxuna 26,

Ten.: +7-495-676-60-11

E-mail: a.mahova@fncps.ru

Kpurepuu aBropcrBa

OTBETCTBEHHOCTb 33 PabOTY U IMPEJOCTABICHHbIC CBEACHIS HECYT
BCE aBTOPBI.

Bce aBTOpBI B paBHOI! CTeIIeHY YY4aCTBOBAIN B 3TOI padoTe.

Mmunaes M.IO. paspabaTbiBan HayYHO-METORUYECKII TTOAXOJ K TIPO-
BefleHNIo paboT, ompefienan o6beM HUCCIETOBAHNU, aHATU3NPOBAT
HOTTy9€HHbIE JIJAHHBIE, BHITIOMHAT ONICATEIbHYIO YaCTh ¥ KOPPEKTHU-
poBaa GNHATLHYIO BEPCUIO CTATHIL

Maxosa A.A. or6upana 06beKTbI MCCIIeJOBaHIsA, IPOBOJIA BhIfjeNTe-
Hue PHK, o6parnyio Tpanckpumnimio, nocraHosku I11IP, Beimonusama
OIICATENIbHYIO YaCTh.

ABTOpBI B PaBHbIX JJO/IAX MMEIOT OTHOIIEHE K HAIMCAHMIO PYKOIMCH
1 OFIVHAKOBO HECYT OTBETCTBEHHOCTD 32 I/TaruaT

Kondnukr nnrepecos
ABTOpBI 3aABIIAIOT 00 OTCYTCTBUY KOH(IMKTA MIHTEPECOB
IToctynmna 27.05.2018

52

AUTHOR INFORMATION
Affiliation

Mikhail Yu. Minaev — candidate of sciences, a head of the Molecular
diagnostic division, leading researcher of the Laboratory «Hygiene of
production and microbiology», V.M. Gorbatov Federal Research Cen-
ter for Food Systems of Russian Academy of Sciences

109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-60-11

E-mail: m.minaev@fncps.ru

*corresponding author

Anzhelika A. Makhova — junior researcher of the Laboratory «Hy-
giene of production and microbiology», V.M. Gorbatov Federal Re-
search Center for Food Systems of Russian Academy of Sciences
109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-60-11

E-mail: a.mahova@fncps.ru

Contribution

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

Minaev M. Yu. developed scientific and methodological approaches to
work, determined the scope of research, analyzed the data obtained,
performed the narrative and corrected it in final.

Makhova A.A. selected research objects, carried out RNA extraction,
reverse transcription and PCR analysis, performed the narrative part.

The authors were equally involved in writing the manuscript and bear
the equal responsibility for plagiarism.

Conflict of interest
The authors declare no conflict of interest
Received 27.05.2018





