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Pe3rome

Heanb. OriieHka 11€71€CO00PA3HOCTH COBMECTHOTO MCHOJIb30BaHUs YJibTpa3BykoBol u CBY-
00paboTKHu mpH ePpocTallii MICHOTO CHIPhS B acnekTe A3(PEKTUBHOCTH U BIUSHUSA Ha (DYHKIIHO-
HaJIbHO-TEXHOJIOTMYECKHUE CBOWCTBA.

Marepuansl u Metoabl. JlebpocTaiuss U OLIEHKA OPraHOJENTUYECKUX U (PYHKIIMOHAIBHO-
TEXHOJOTUYECKUX CBOWCTB OOpa3IOB MSICHOTO ChIPbSI BBINOJHSJIUCh B YCIOBUSIX KOMIUIEKCHO-
ananutuieckor nadboparopun ®I'BHY «lloBomkckuit HayqYHO-HCCIIEIOBATEILCKUNA UHCTUTYT TIPO-
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M3BOJICTBA U MEPEPAOOTKUA MSICOMOJIOYHON MPOIYKIIMU». AHAIU3bl KAUECTBEHHBIX XAPAKTEPUCTUK
MPOU3BOJIUIIUCH B COOTBETCTBUM C OOIICHPUHATHIMU B MUIIEBON MPOMBIIIJICHHOCTH METOJAMHU U
JEUCTBYIOIIMMHU HAIMOHAIBHBIMU cTaHaapTamMu. OObEeKTaMHU UCCIEAOBAHUS CITYKWJIM 3aMOPOKEH-
HbIE 00pa31ibl CBUHUHBI HEXKUPHOM, TPYIAKH KyPUHOH, Cep/illa CBUHOTO, IIEYCHU TOBSIKBEH.
Pe3yabTathl. B Xo/1¢ nccaenoBanus ObLI M3YUeH coco0 JedppocTaiii MICHOTO ChIphsS MMYTEM I10-
cienoBaresbHOM 00paboTku nossimu CBY u yiabTpa3ByKOBBIMHU KOJEOAHUSMHU B PAcTBOpPE MOBa-
pPEHHOU couin. {71 momydeHus peIeBAaHTHBIX PE3yIbTATOB NAPAIIICIBHO C HUM aHAJIMU3UPOBAIUCH U
ApYTUe HWCIOJb3yEeMble B MHUIIEBOM MPOMBIIUIEHHOCTH CHOCOOBI AedpocTaluu 3aMOPOKEHHOTO
MSICHOTO CBIPbsi. BBIIO BBIICHEHO, YTO COBMECTHOE BO3JIEUCTBHE 3iIeKTpoMarHuTHOro noyisi CBY u
00pabOTKH yIBTPA3BYKOBBIMU BOJIHAMHU B BOJHOW CpE€li€ Ha MSICHOE ChIpb€ BO BCEX M3YUCHHBIX
ciydasx oOmamaeT cuHeprudeckuM 3¢ dexkrTom, 6aromaps yemy IMOBBIIIAETCS CKOPOCTh pa3Mopa-
xuBaHusa. [lo cpaBHEHHIO ¢ UMMEPCUOHHBIM CIIOCOOOM B MSCHOM CBHIPhE, HAXOISIIMMCS B IOJE
yIbTPa3ByKa, HAKOIUICHUE BIIarv MPOUCXOAUT MeJIeHHee. [IpearnonoKuTensHo, 3TO TPOUCXOIUT 32
CYET MHTMOMPOBAHMS MPOIIECCOB THApATAIllM HAa MOBEPXHOCTH MSICHOTO ChIPbS MOJ| JEHCTBHEM
YIBTPA3BYKOBOUM KaBUTALIMU B KUJKOCTH.

3axuouenue. [Ipennaraempiii ciocod pazMopakuBaHUsI MOKHO CYUTATh MEPCIIEKTUBHBIM B aCMEK-
T€ CHIKEHUS MOTEpPh MICHOTO coka. [Ipu 3ToM ynbTpa3BykoBas oOpaboTKa MpensiTCTBYET Mpoliec-
Cy HaKOIUICHUs] M30BITOYHOM BJIard B ChIphe. 3aMayMBaHKUE B PACTBOPE MOBAPEHHOM COJIU MO3BOJISI-
€T MOBBICUTDH TEIUIONEpPEIauy U TEM CaMbIM M30€XKaTh JOKAJIbHBIX MEPErPEBOB MOBEPXHOCTH, U J1a-
e YBEIMYUBATh MOIIHOCTD AekTpoMaruutHoro nosist CBY. B 1o ke Bpems Takoro poga oopaboT-
Ka MIPUBOJIUT K HE3HAYUTEIIBHOMY POCTY TBEPAOCTH U MOTEMHEHUIO MOBEPXHOCTH, YTO OTPaHUYU-
BAa€T BO3MOKHOCTH UCIIOJIb30BAHUS CHIPBS.

KuroueBble ¢jioBa: pa3MOpakUBaHUE, TOTEPU MACCHI, MACHBIE CYOITPOAYKTHI, MSCO NTHUIIbI, CBUHU-
Ha HEXUPHAas, OpraHoJIeNTHYECKasl OLICHKA, (DYHKIIMOHATbHO-TEXHOJIOTUYECKUE TTOKA3aTEeH

Abstract

Purpose. Combined use of ultrasonic and microwave treatment potential evaluation in the meat raw
materials defrosting in terms of efficiency and impact on functional and technological properties.
Materials and Methods. Defrosting and evaluation of organoleptic and functional-technological
properties of meat raw materials samples were performed in conditions of the complex analytical
laboratory of Volga Region Research Institute of Manufacture and Processing of Meat-And-Milk
Production. Analyses of qualitative characteristics were carried out in accordance with generally
accepted methods in the food industry and actual national standards. The objects of the study were
frozen samples of lean pork, chicken breast meat, pork heart, beef liver.

Results. In the research, a defrosting meat raw materials method, based on successive processing
with microwave fields and ultrasonic vibrations in a solution of sodium chloride was studied.
To obtain relevant results, other methods of defrosting frozen meat raw materials used in the food
industry were also analyzed. It was found that the combined effect of the microwave electromagnet-
ic field and ultrasonic treatment in an aqueous medium on meat raw materials in all the studied
cases has a synergistic effect, thereby increasing the rate of defrosting. In comparison with the im-
mersion method in meat raw materials located in the ultrasound field, moisture accumulation is
slower. Supposedly, this occurs due to the hydration processes inhibition on the meat raw materials
surface under the effect of ultrasonic cavitation in a liquid.

Conclusion. The proposed method of defrosting can be considered promising in terms of reducing
weight loss of meat raw materials. At the same time, ultrasonic treatment prevents the accumulation
of excess moisture. Soaking in a solution of sodium chloride makes it possible to increase heat
transfer and thereby avoid local overheating of the surface, and even increase the power of the mi-
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crowave electromagnetic field. At the same time, this type of processing leads to a insignificant in-
crease in hardness and darkening of the surface, which limits the raw materials possibilities use.
Keywords: defrosting, weight loss, meat by-products, poultry meat, lean pork, organoleptic evalua-
tion, functional and technological indicators

BBenenune. Hanbonee pacnpocTpaHeHHBIM 0 HACTOAIIETO BPEMEHH CTIOCOOOM KOHCEPBHUPO-
BaHUSI MSICHOTO CBIPbS, MPEAOTBPALIAIOIIUM MUKPOOHOJOTHYECKYIO MOPUYY U 3aMEUISIONINM MPO-
1IECChl OKHUCIEHUs, siBysieTcs 3amopaxkuBanue (Mmesckuit A.JI. u JaBeino M.A., 2017; JIuTBuHO-
Ba E.B. u np., 2020). 3T0T cioco6 06pabOTKM MUILEBBIX CUCTEM HEPa3pbIBHO CBA3aH C TEILIONEpe-
nader u Gpa3oBBIMU IepeXxoaMu CBOOOIHOM BIaru, u3-3a 4ero oodsagaer psaomM Heaoctatkos (I'op-
oynora H.A., 2016).

MenneHsblii mpoliecc nepefadyd TEIUIOBOM SHEPrUM W3 TOMIIIM ChIPhSi HAa TOBEPXHOCTH U
HA000POT TPeOYyET CO3AaHus 3HAUUTEIBLHOTO TeMnepaTypHoro nuddeperta (AaTydbeB B.T. u boi-
yuxuH O.B., 2011; WUBamos B.W. u ap., 2014). Eciu npu 3aMopakMBaHUM €TI0 HAJIMYHE HE I0JIpa-
3yMEBAET 3HAYMTEIBHBIX HETaTHBHBIX M3MEHEHHM CTPYKTYphl TKaHEW, TO MpU AePpOCTaIllUU JIO-
KaJIbHOE TMOBBIIICHUE TEMIIEPATYPhl MOXKET IPUBOJIUTH K J€HATYpalluh OEIKOB, POCTY HEXEIATelb-
HOM MHUKPOGIIOpHl M aKTUBMU3AIMU (DEPMEHTOB, YTO MPUBOIUT K YXYIIICHUIO (DYHKIIMOHAIHHO-
TEXHOJOTHUYECKUX CBOMCTB MsicHOTO ChIpbhs (Dolatowski ZJ et al., 2007; Fulladosa E et al., 2013).

Pa3MopaxuBaHue Takxke HEU30€KHO MPUBOJUT K MOTEPSIM MSACHOTO COKA, KaK MpPaBuUio, yBe-
JUYUBAIOIIUMCS TI0 MEPE YMEHBIIICHUS TTPOJIOIKUTEIBHOCTH MPUMEHIEMOT0 MeToia. B To ke Bpe-
Msl YBEIUYEHHUE IJIUTEIIbHOCTH Pa3MOPAXKMBAHUSI HETATUBHO CKA3bIBAETCS HA CTPYKTYPE MBIIICUYHON
tkanu (MBamos B.U. u np., 2014; [To3uskockuii B.M., 2015).

Tak, mTOMCK ONTUMAJIBHBIX MyTEH, METOJAOB U PEKUMOB Je(pPOCTaLK, B TOM YUCIIE C UCTIOJb-
30BaHUEM PA3JIUYHBIX TEIUIOHOCUTEIEH W MEXaHHU3MOB TEIUIONepeau, MO3BOISIOMMNX MOJydaTh
OTNITUMAJIBHBIE OPTaHOJENTUYECKNE U (DYHKIIMOHAIHHO-TEXHOJIOTHYECKHE TTOKA3aTEeIM MSICHOTO ChI-
pbs, ObUT U OCTAETCS aKTyaJdbHOM 3a/laueil KaK il YUYEHBIX, TaK U JJIsl TEXHOJIOTOB Mscornepepada-
TeiBaronux nmpousBoacTB (Leong T et al., 2011; Chandrapala J et al., 2012; Ko3auenko A.B. u JleM-
yeHko B.A., 2017; Warner RD et al., 2022).

[lenpro pabOTHI ABJISETCS OIEHKA IEJIECO0O0Pa3HOCTH COBMECTHOTO HCIIOJB30BaHMS YIIbTpa-
3BykoBoi 1 CBY-00paboTku npu AedpocTaliui MSICHOTO CHIPbS B acriekTe d(PGHEKTUBHOCTH U BJIU-
SHUS Ha PYyHKITMOHATHLHO-TEXHOJIOTUYECKUE CBONCTRA.

Marepuanabl u Metoabl. VcciienoBanus o0pa3iioB MSICHOTO ChIPbsSl BBITIOJIHSIIN B YCIOBHUSIX
KOMILJICKCHOW aHaJduTU4YeCKOoW Jadopatopun DenepaibHOro TroCyJIapCTBEHHOTO OMOIKETHOTO
Hay4gHOTO yupexaeHus «IloBODKCKUIT HAyIHO-UCCAEA0BATEILCKUN MHCTUTYT MPOU3BOJICTBA U TIe-
pepabOTKU MSCOMOJIOYHOUN MPOoAyKIuu». OObEeKTaMU UCCIETOBAHUS CIYKUIU 3aMOPOKEHHBIE 00-
pasiibl CBUHUHBI HEKUPHOM, TPYAKH KYPUHOU, Cep/illa CBUHOTO, IEYEHH TOBsKberd maccoit ot 100
no 150 r.

B pamkax paGoThl H3y4aauch CIEAYIOIIHE CIIOCOOBI AePOCTAIMHI MSICHOTO CHIPBS:

—  KOMOMHHMPOBaHHBIN (IMMyTEM mocieoBaTeabHoN 00padoTku nojasiMu CBY MOITHOCTBIO
300 BT B TeueHne 1 MUHYTHI U yJIbTpa3ByKa B 2%-HOM pacTBOpe MoOBapeHHOU conu; t = 6°C;

T =15 MunyT);

—  IBYXCTaJuiiHAS B BO3AYIIHOM CPEJIE;

—  HMMMepCcHOHHBIN (ITyTéM norpyxkeHus B 2%-ublii pactBop NaCl; t = 6°C);

—  myTteMm AByxcTaauiiHoi 00padoTku CBY uznyuyennem MourHocthio 800 BT ¢ qimutenbHO-
cTbio skcno3unmu 1,5 munytel (CBUY800);

—  nyteM 00padotku CBY uznyyenuem moiHocthio 300 Bt (CBY300);

—  UMMEPCHOHHBIN ¢ 00paboTkoi ¥Y3-u3nydenueM (Y3).
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KoHTpoJsibHOE pazMopaXUBaHUE OCYILECTBIISIIOCh MyTEM BBIJIEPKKU TIpU Temriepatype 2-4°C.
MsicHOE CBIpBE CUHMTANIOCh Pa3MOPOKEHHBIM TMPU JTOCTKCHUH TeMIepaTypbl B ToJIIe oOpasia
4,0+0,5°C.

B kauecTBe MCTOUYHMKA YJIBTPA3BYKOBOI'O U3JIyYEHUS MCIIOJIb30BAIACh yIbTPAa3BYKOBas BAHHA
¢ nudposrim ynpasineanem MEI'EOH 76004 (pucynoxk 1).

PucyHnok 1. YneTpa3zBykoBasi BAaHHA
MEI'EOH 76004

Figure 1. MEGEON 76004 Ultrasonic
bath

MomHocts m3nyyarenst coctapisia S0 Bt npu vactore 40 kl'11. DkcniepuMeHTalbHbIE JaH-
Hble 00padaThIBAINCh C MCIIOJb30BaHWEM TaOIMYHOTO mpoieccopa Microsoft Excel, Bxosiiero B
nakeT Microsoft Office 2010. Onpeaenenue noTeps Npu pasMOPAKUBAHUU 3aMOPOKEHHOTO Msica
Kyp ocyuectBisui B coorBeTcTBUM ¢ 'OCT 31467-2012. OT60p ¥ MOATrOTOBKY MO0 MPOBOIUIH
corsacHo TpeboBanusiMm ['OCT P 51447-99.

Pe3ysabTaTsl u 00cy:xaenne. B xoze onpiTa TOMUMO KOMOMHUPOBAHHOTO TAKXKE U3Y4YaUCh U
JIPYTUE MCIOJL3YEMbIE B TMHUIIEBOW MPOMBIIUIEHHOCTH CHOCOOBI JIepOoCTallUh 3aMOPOKEHHOTO
MSICHOTO CHIPbS JIJIsl MOJYYEHUS PEJIEBAHTHBIX PE3YJIbTATOB.

Bb110 BBISICHEHO, UTO COBMECTHOE BO3/IeHCcTBHE AieKTpoMarHuTHoro noyisi CBY u o0paboTku
yJIbTPa3BYKOBBIMH BOJIHAMH B BOJHOM CpeJie Ha MSICHOE ChIPhE BO BCEX M3YUYEHHBIX CiIydasx oOJja-
JaeT CUHEPruuecKuM 3(P(HEeKTOM U 10 THTEHCUBHOCTH pazMopakuBaHus npesocxoaut Y3, CBY300
1 UMMEPCUOHHBIN crioco0. CleayeT OTMETUTh, YTO 10 CPABHEHUIO C MOCIETHUM B MSICHOM ChIPbE,
00paboTaHHbIM Y3 U KOMOMHUPOBAHHBIM CIIOCOOOM, HAKOIUJIEHWE BJIArd MPOUCXOJUT MEJICHHEE.
[IpennonoxuTeabHO, 3TO MPOUCXOAUT 32 CUET UHTMOUPOBAHUSI MTPOLIECCOB TUIpaTalvsl Ha MOBEPX-
HOCTH MSICHOTO CBIPbS IO I€MCTBUEM YJIbTPA3BYKOBOW KaBUTAIMU B XKUJKOCTHU. J[MHAMHKA HM3Me-
HEHHS MacChl IPH pa3MOPaKUBAHUH OTPAKEHA HA PUCYHKE 2.
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Pucynok 2. IamMeHenue maccol nipu aedpocraiuu
Figure 2. Weight change during defrosting

Kak BuiHO U3 rpadukoB, IPUBEICHHBIX Ha PUCYHKE 2, MOTEPU MSICHOTO COKa HamOoJiee BbI-
paXkeHbl B cilydae Msica Kyp. bosee Toro, mais o0pa3ioB 3TOro Msica UMEJI0 MECTO HEXapaKTEpPHOE
YBEIMYEHUE MACChl IIPHU UCIIOIH30BAHUM CIIOCOOAa UMMEPCUOHHOM JlePpocTaiuu, 4TO B COBOKYITHO-
CTH YKa3bIBACT HA HAJIMUME TEXHOJOTMYECKH T00ABICHHOMN BJIATH.
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Crnenyer OTMETUTH MOSIBIICHUE KOPOUYKH MOJIChIXaHUsI B 00Opa3liax Msica Kyp U MEYEHU TOBs-
KbEU y)Ke Mociie ePBOM AKCIO3UIIMU U HAPYIIEHUE IETOCTHOCTU CTPYKTYpHI Ipu o0padotke CBY
n3irydyeHrneM MOIMHOCTHIO 800 BT, 4TO MOXKHO BHJIETh HA PUCYHKE 3.

ITeyeHb TOBSIKbBS Msico kypuHoe (Tpyaka)

Pucynok 3. Mamenenus macHoro coipbs npu CBUY-o0paboTke cyOoNnTUMaIbHOM MOIIIHOCTHIO
Figure 3. Changes in meat raw materials during microwave processing of suboptimal power

B ciiyyae koMOMHUPOBAHHOTO crIOCO0a MPU3HAKOB JECTPYKIIMKU O€JIKa HU B OJTHOM M3 UCCJIe-
JOBAaHHBIX BapHAaHTOB HE BBIABJICHO. Pa3sMopakuBaHue CHIphsl HAOMIOMACTCS yKe TMOCHe TMoaydaca
nocie Havana aedpocrauuu, uto Ha 10 MmunyT ObicTpee, yueM B canydae CBUY300. 310 MOXKHO 00B-
SACHUTH 00Jiee MHTEHCUBHOW TeIulonepenayei Kak Ha MOBEPXHOCTH, TaK M B TOJIIE CHIPbs BCIIEI-
cTBUe KaBuTauu. OAHOBPEMEHHO C 3TUM HAOJIOAaN0Ch MOBBIIICHUE YCUJIUS PE3aHUsl U HEe3HAUU-
TEJILHOE MOTEMHEHHE 00pa3loB, 1e(PpOCTUPYEMBIX MyTEM MOTPYKEHUS B COJISTHOM pacTBOp, KOTO-
po€ COXpaHseTCs IMOCce TEPMUYECKOW 00pabOTKHM IMyTeM BapKd A0 JOCTHKEHHUS TEeMIEPaTyphbl B
1eHtpe oopasna 72°C (pucyHok 4).

PucyHnok 4. [lorTeMHeHrE NOBEPXHOCTH CEp/Illa CBUHOTO
npu aedppocTaii B pacTBOPE MOBAPEHHOM CONU
Figure 4. Darkening of the pig heart

when defrosting using sodium chloride solution
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VY ceIporo TepMudecKku He0OpaOOTAaHHOTO CHIPhsSI CHIKAJIACh BHIPAXKEHHOCTh MSICHOTO apoma-
Ta, YTO OI'PAHMYUBAET BO3MOKHOCTH €r0 MCIIOIh30BAHUS U SBJISICTCSI OCHOBHBIM HEIOCTATKOM CIIO-
co0a.

3akiouenne. [Ipennaraemsplii crocod pazMopakKMBaHHUSI MOXHO CUUTATh MEPCIEKTUBHBIM B
aCIeKTe CHUXEHHUS NOTepb MsCHOro coka. [Ipu sToM ynbTpa3BykoBas oOpabOTKa MPENATCTBYET
MPOIIeCCy HAKOIUICHUsS] M30BITOYHOM BJIaru B ChIpb€. 3aMayMBaHHUE B PACTBOPE MOBAPEHHOU COJIH
MO3BOJIACT MOBBICUTH TEIUIONEpPEIadyy U TEM CaMbIM M30€KaTh JIOKAIBHBIX MEPErPEBOB MMOBEPXHO-
CTH, U JaXK€ yBEIUYUBATh MOITHOCTH dekTpoMarautHoro nmoysi CBY. B To ke BpeMs Takoro pona
00paboTKa MPUBOAUT K HE3HAYHUTEIHLHOMY POCTY TBEPJIOCTH M MOTEMHEHHIO MOBEPXHOCTH, YTO
OTPaHWYMBAET BO3MOXXHOCTH HCIIOJIb30BaHMS ChIpbs. [loydeHre MpakTUUeCKH 3HAUYUMBIX PE3YIib-
TaTOB TpeOyeT MacITaOMpOBaHMS U anpoOaIu crnocoda B yCIOBHUSAX MPOU3BOACTBEHHOTO II€Xa, a
TaK)Ke MPOBEICHUS JaIbHEUIINX UCCICIOBAHUM B JAaHHOM OOJIACTH.
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