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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).
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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.).
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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-
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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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