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AHHoOTanMu.

I'uApoIM30BaHHbINH KOJUIATCH MOXKET CTaTh HEPCHEKTHBHBIM MHOTO(YHKIIMOHAIBHBIM MOAU(GHUKATOPOM CTPYKTYPBI IUIaBJICHBIX
CBIPOB, O0OecreunBast pOPMHUPOBAHUE THOPUIAHON Ka3eUH-KOJIJIAr€HOBOH MATPHIBI M KOJUIOUIHYIO CTAOMIM3AIMIO )KUPOBOM dMYJIb-
cuu. Llenb paboThI 3aKiII0Yaach B YCTAHOBJICHUHU BIIMSHUS BKIFOYEHHUS THIPOIN30BAHHOTO KOJUIAreHa B COCTAB IUIABJIEHOTO MacTo-
00pa3HOro ChIpa Ha €r0 MUKPOCTPYKTYPY ¥ PEOJOTHUECKUE CBOICTBA.

OOBEeKT HccleI0BaHNs — IUIABICHBIH acTooOpasHelil celp ¢ nob6asnerueM 3,1 % ruapoaM30BaHHOrO KojuareHa. st cpaBHeHuUs
HCIIOJIb30BANICS. KOHTPOJIbHBIN 00pasel 6e3 KoytareHa. MUKPOCTPYKTYpa OLICHUBAJIACH C IIOMOIIBI ONTHYECKOW MHKPOCKOIUH
u aHanu3a m3o0paxenuii B Fiji ImageJ2. Peonornueckue cBoiicTBa onpenensiuch Ha npudope pupmsl « PEOKOH» ¢ HCIIOIb30BaHHEM
HOKEBH/IHOTO MHJICHTOPA.

Bxirouenue 3,1 % ruaponn3oBaHHOTO KOJUIareHa B PELENTYPY IUIABJICHBIX ITACTOOOPa3HBIX CHIPOB CIIOCOOCTBOBAJIO YIIy4IICHHIO
UX CTPYKTYPHO-MEXaHUYECKHX CBOHCTB. JloOaBIIeHHE THIPOIM30BAaHHOIO KOJIIareHa PUBOAMIIO K YIUNIOTHEHHIO GEIKOBOI MaTPHULIbI
1 cTabHIN3alM1 )KUPOBOH AMYJIECHH, YTO MPOSBISIIOCh B YMEHBIICHHH CPEAHEro pa3Mepa )KHUPOBBIX ro0yi ¢ 26,5 no 14,8 MM,
OTCYTCTBHH WX KOQJIECIEHIIMH U KJIaCTepu3annu, cHmkeHnn Ha 20 % mopuctocT 0eI0BOH MaTPHIBI U MOBBIIIEHUHN OJIHO-
POIHOCTH pacHpeneneHus BoAHO#H (as3bl. BBeeHne ruaponr30BaHHOTO KOJUIAreHa B pelenTypy IPUBOIMIIO K YBEITHYCHUIO aAre3Un
U BSI3KOCTH IUIaBJICHOTO chIpa Ha 40 %, HO He oOecIieunBato IPOYHOCTHBIX CBOMCTB, BSI3KHE CBOWCTBA peo0iafany HaJl yIpyrHMH,
CBIP COXPaHsUI INIACTHYHOCTb.

I'uApoNM30BaHHBIN KOJUIATeH PEKOMEH/IOBAH K HCIOIB30BAHUIO B COCTABE IUIABJICHBIX CHIPOB, TPEOYIOIINX BBICOKOH aare3un
U IUTACTHYHOCTH (TacTOO0O0pa3HbIe CHIPHI, CHIPHI Ui coycoB). [IpuMeHeHne THAPOIN30BAaHHOIO KOJIareHa He PEKOMEHIyeTC s
JUISL CHIPOB, B KOTOPBIX BaKHA BHICOKAsi CTPYKTYPHAs! IIPOYHOCTB (JJOMTEBBIC CBHIPBI, KONOACHSIH ChIp). I10Ty4eHHbIC pe3ybTaThl OTKPbI-
BAIOT IIEPCIEKTHUBEI I JIbHEHIIeH ONTUMHU3aUH TEKCTYPHI IIaBIEHbBIX TAaCTOOOPAa3HBIX CHIPOB.

KiioueBble cioBa. [1naBieHbrit ChIp, MUIIEBasd CUCTEMA, OenkoBas MaTpula, ) XUpOBbIC FJIO6yJILI, BA3KOCTb, aAre3us, NpOIHOCTb,
IUIaBJICHUEC, CTPYKTYPHO-MEXaHUYCCKUE CBOWCTBa
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IUTaBJICHOTO chipa. TeXHWKa M TEXHOJOTHsI MHUIIEBBIX mpou3BoacTB. 2025. T. 55. Ne 3. C. 659-672. https://doi.org/10.21603/
2074-9414-2025-3-2599

659


https://doi.org/10.21603/2074-9414-2025-3-2596
https://elibrary.ru/WJBUWB
https://fptt.ru

https://orcid.org/0000-0002-4938-8136
https://orcid.org/0000-0003-3051-1381
https://ror.org/0389pzc90
http://crossmark.crossref.org/dialog/?doi=10.21603/2074-9414-2025-3-2599&domain=pdf
https://doi.org/10.21603/2074-9414-2025-3-2599
https://doi.org/10.21603/2074-9414-2025-3-2599
mailto:musinaolga@gmail.com
https://orcid.org/0000-0002-4938-8136
https://orcid.org/0000-0003-3051-1381
https://creativecommons.org/licenses/by/4.0/deed.ru

Musina O.N. et al. Food Processing: Techniques and Technology. 2025;55(3):659—672

https://doi.org/10.21603/2074-9414-2025-3-2599 Original article
https://elibrary.ru/ WJIBUWB Available online at https://fptt.ru/en

Effect of Collagen on Microstructural
and Rheological Properties of Cheese Spreads

") Olga N. Musina* , Elena M. Nagornyh

Polzunov Altai State Technical University , Barnaul, Russia
Received: 31.05.2025 *Olga N. Musina: musinaolga@gmail.com,
Revised: 04.07.2025 https://orcid.org/0000-0002-4938-8136
Accepted: 05.08.2025 Elena M. Nagornyh: https://orcid.org/0000-0003-3051-1381

© O.N. Musina, E.M. Nagornyh, 2025

Abstract.

Hydrolyzed collagen modifies the structure of cheese spreads: it develops a hybrid casein-collagen matrix and stabilizes the fat
emulsion. This research featured the effect of hydrolyzed collagen on the microstructure and rheology of cheese spreads.

The study involved experimental cheese spread with 3.1% hydrolyzed collagen and a collagen-free control sample. The method
of optical microscopy and image analysis (Fiji ImageJ2) made it possible to study the microstructure. The rheological profile was
investigated on an experimental Reokon tensile strength tester with a knife indenter.

Hydrolyzed collagen improved the structural and mechanical properties of the finished product. As the protein matrix grew more
compact and the fat emulsion became more stable, the average size of fat globules dropped from 26.5 to 14.8 pm without coagulating
or clustering. In addition, the porosity of the protein matrix reduced by 20% while the aqueous phase distribution became more
homogeneous. Hydrolyzed collagen improved the adhesion and viscosity properties of the experimental cheese spread by 40% but
not its tensile strength. As a result, viscosity prevailed over elasticity, and the experimental cheese spread retained its plasticity.
Hydrolyzed collagen proved to be an effective component in the formulation of cheese spreads that require high adhesion and plasticity.
However, it is likely to spoil the targeted structural properties of smoked or sliced cheeses. The results open up new prospects for
further optimization of the texture of domestic cheese spreads.

Keywords. Cheese spread, food system, protein matrix, fat globules, viscosity, adhesion, tensile strength, melting, structural
and mechanical properties
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Beenenne obecrieunBaeTcs CONMSIMU-ILIaBUTENSIMHU, CIIOCOOCTBYIO-

[1naByieHbIe CHIPBI MPEACTABISIOT COOOH CIIOKHBIE muME popMupoBaHIo romorenHoro reyst [11, 12]. XKupo-
MHOTOKOMITOHEHTHBIE CHCTEMBI, ITOJTy4aeMble yTeM T€P-  BbIE IJI00YJIbI, JUCIIEPIHPOBaHHBIC B OCIKOBON MaTpHIIE,
MHUYECKOH 00pabOTKH CHIPBsI C JOOABICHUEM CONEH-TIIa-  BIUSIOT HA TEKCTYPY: YMEHBILIEHUE X pa3Mepa Koppelu-
Butenei. X yHuKanbHbBIE CBOWCTBA — IUNIACTUYHOCTb, PYeT C MOBBIIIEHNEM TTIaIKOCTH U yCTOWIMBOCTH IMYIIb-
OTHOPOAHOCTh M YCTOMYMBOCTH K pacclioeHHio — 00y-  cuu [13, 14]. Peonoruueckue cBoiicTBa Takux CHCTEM
CJIOBJICHBI B3aUMO/IeHiCTBHEM OEIIKOBOI MAaTPHUIIBL, )KUPO-  ONHUCHIBAIOTCS MOJIEIISIMHU BSA3KOYIIPYTOTIACTHYHOTO TTOBE-
BO#1 (ha3el 1 BoHOMU cpensl [1, 2]. AKLUEHT B NMUIIEBOH JIeHUs, T/I€ KIIOYEBBIMU IapaMeTpaMu SIBISIOTCS Ipe-
MIPOMBIIINIEHHOCTH CMECTHJICS Ha pa3paboTKy MPOAYK-  JIeJd TEeKy4ecTH, aares3us u Bs3kocTh [10, 15]. Pasmep
TOB C yJIy4YIIEHHBIMH XapaKTePUCTUKAMHU, B TOM YHCIIE JKUPOBBIX INIO0YJ B IUIABJICHOM ChIpE BaXKEH IS IIPEI0T-
3a CYET UCIOIBb30BAHUS HOBBIX BUJIOB CHIPbs [3—6], HE 000- BpaIIeHUs KOANECIEHIIUN U YIIYUIICHUs CTaOMIbHOCTH
IIeJ 3TOT TPEH/ M IUIaBJeHbIe ChIphl [7, 8]. Monuduka- npoxykTa [16, 17]. {1t mactooOpa3HbIX CHIPOB OJHUM
LSl PELIENITYP IUIABICHBIX CHIPOB, HANPABICHHAS HAa O- M3 BAKHBIX 4CIEKTOB KaUeCTBA SABISIETCS OTCYTCTBUE CHHE-
CTIDKEHUE 0’KUIaEMBIX PEOJIOTMYECKUX CBOMCTB IPOAYK-  pe3uca (OTAeNIeHHEe Biaru, BEI3BAaHHOE HEOJHOPOIHOC-
UM, SIBJISETCS aKTyallbHOM HayYHO-TEXHUYECKOH 3a1adel, ThI0 OenkoBoi MaTpunbl) [18, 19]. CoBpemMeHHBIE Ucce-
Tpebyromei TiIy00Koro MOHMMaHusa (PU3UKO-XUMUYE-  JOBAHHS HAIPABJICHBI HAa NMMOMCK WHTPEAMCHTOB, CIIO-
CKHUX B3aUMOJIEHCTBUI MEXAY KOMIIOHEHTAMHU CMECHU COOHBIX YCHJIMBATh BOAOCBS3BIBAIOIIYIO CIIOCOOHOCTH
1 toiasnenus [9, 10]. MPOAYKTa U MOAEIHPOBATE €r0 CTPYKTYpy. Tak, uCronb30-

MHUKpPOCTpYKTypa IUIaBICHBIX CBIPOB (popMuUpyeTcs BaHHE MOJIMCAaXapH0B, HATPUMEDP KapparuHaHOB, MOKa-
Ha OCHOBE Ka3€MHOBOI ceTH, CTaOUIBLHOCTH KOTOPOM 3aJ10 3 PEKTUBHOCTH B MOJICITMPOBAHUH PEOJIOTHUECKIX

660


mailto:musinaolga@gmail.com
https://orcid.org/0000-0002-4938-8136
https://orcid.org/0000-0003-3051-1381
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.21603/2074-9414-2025-3-2599
https://elibrary.ru/WJBUWB
https://fptt.ru/en
https://orcid.org/0000-0002-4938-8136
https://orcid.org/0000-0003-3051-1381
https://ror.org/0389pzc90
https://doi.org/10.21603/2074-9414-2025-3-2599
http://crossmark.crossref.org/dialog/?doi=10.21603/2074-9414-2025-3-2599&domain=pdf

Mycuna O. H. [u 0p.] Texnuxa u mexnonozus nuwjesvix npouseoocms. 2025. T. 55. Ne 3. C. 659-672

CBOCTB CBIPOB, B TOM YHCJIE IIABJICHBIX, OJHAKO NX BIIHS-
HUE Ha BKYCOBBIC XapaKTEPUCTUKH NMPOIYKIUH HEOJI-
HO3Ha4yHO [20-22].

OnHUM U3 NEPCIEKTUBHBIX BUJOB CHIPBS, HOBOTO
JUISl TEXHOJIOTUH TUIABJICHBIX CHIPOB, SIBJISIETCS] THAPO-
nuzoBanubli koyutared (I'K). I'maponu3soBanHblil KoJI-
JIareH, NoTy4aeMbli ()epMEHTATUBHBIM HIIH KUCJIOTHBIM
pacIueIuIeHHeM HaTHBHOTO KOJUIAreHa, o0yiajjaeT yHH-
KaJIbHBIMU TEXHOJIOTMYECKUMH CBOMCTBAMU: BBICOKOW
TUIPOGHIHLHOCTHIO, SMYJIBTUPYIONIEH CITOCOOHOCTHIO
1 COBMECTHUMOCTBIO C OSITKOBBIMH cHcTeMamH [23, 24].
Ero nmenTuapl, 6orateie MpOIUHOM U TIUIIMHOM, CIIO-
COOHBI B3aMMO/ICHCTBOBATh C KA3€MHOM, YTO OTKPHIBAET
MEPCTIEKTUBBI ISl COBEPIICHCTBOBAHMSI TPAIUIIMOHHBIX
MUILEBBIX IPOAYKTOB [25].

CoBpeMeHHbIe paboThl IEMOHCTPHUPYIOT OOJIBIIOH TT0-
TEHIMAJ THAPOIN30BAaHHOTO KOJUTareHa B MOAN(UKaINU
numeBsix cucreM. Hanpupmep, da Mata Rigoto et al. [26]
YCTaHOBMJIU, YTO A00aBIEHHUE T'MIPOJIU30BAHHOTO KOJI-
JlareHa B cOCTaB MPOONOTHIECKOr0 MOJIOYHOTO HAITUTKA
TI03BOJISIET MOBBICUTH BA3KOCTH CMECH B TPEOYEMBIX ITpe-
Jienax 3a cueT pOpMUpOBaHUs OENKOBOW CETH, IPOIYKT
JIEMOHCTPHPOBAJI IICEBIOIIACTHYHOE TIOBEICHUE. B 3MyIb-
cuoHHBIX cuctemax ['K neficTByer kak crabummsaTop,
CHIDKas Mex(a3Hoe HaTsDKeHue [27]. 1o noaTBepxkaaeTcs
JIaHHBIMH UCCIIeIoBaHus [28], TIe moka3aHo, 4TO BKIIIO-
YEHHE KOJIar€HOBBIX MENTHI0B B MalOHE3 ITO3BOJIHIIO
CHHU3UTH MacCOBYIO JIOJIO KHUpa B mpoaykre 10 40 %
(mpotuB 67 % B TpaIUIIIOHHOM MailoHe3€e) IpH OTHOBpE-
MEHHOM YBEJIMYEHUH CTAOMIBHOCTH AMYJIECHH, aATE3UH
M 3JJaCTUYHOCTH. BKITIoueHNe KoJutareHa B COCTaB MACHBIX
1oy (haOpHKaTOB MONOKUTENHHO BIMSET HA UX BIArOyJIep-
KMBAOIIYI0 CIIOCOOHOCTb, YTO OTPA’KaeTCsl Ha CEHCOPHBIX
CBOICTBaxX NPOAYKTa; KOJJIAT€HOBHIE MENTUIBl MOTYT
OBITh MEPCIIEKTUBHBIM HHIPEMEHTOM JJIsl 3aMEHBI JKUpa
B perentype cocucok [29]. JlobaBneHre ruApoIN30BaH-
HOTO KOJIJIareHa B MOPOXKHOE TOBBIIIACT CTAOMIBHOCTh
3MYJIbCUH, IO3TOMY PEKOMEHAYETCS PacCMOTPETh €ro
UCIIOIb30BaHUE B KAUECTBE 3aMEHHTENS )KUPOB B COCTaBE
storo npoxaykra [30].

B KOHTEKCTE MOJIOYHBIX NMPOJYKTOB BaKHEHIINM
HaIpPaBJICHUEM HCCIIEJOBAaHHUN SIBJIETCS] yCTAHOBJICHHUE
BIIMSIHUSI THIPOJIN30BAHHOTO KOJUTareHa Ha PEeoJIorHyec-
KHe CBOMCTBA MpoayKUuuu. [loMUMO yiydmieHus: Tek-
CTYpPHI U CTAaOMIBFHOCTH MHIIEBHIX MpoaykToB, 'K obma-
JlaeT 3HAYUTENIBHON CIIOCOOHOCTBIO CBA3BIBATH BIIATY
(TIpy HEKOTOPBIX BHJIAX 00pabOTKH BOJOCBS3EIBAIONIAS
CHOCOOHOCTh KOJUIAr€HCOEPIKAIIEro ChIPbs JOCTHIAET
22,20 + 0,31 %), 9TO MOXET MPEICTABIATh HHTEPEC
JUIsl KOHTPOJISE aKTUBHOCTHU BOJBI B chipax [31, 32].

IIpu Brmouernu I'K B cocTaB cMeTaHbI NENTUABI KOJI-
nareHa (JOpPMHPYIOT CETYAThIE CTPYKTYPhI MEXK Ly OenKaMu
MOJIOKa, 00pa3ysl IEPEMBIYKH U BKIFOUEHUS KUPOBBIX
rJ100yJI, CMETaHHBIN MPOAYKT XapaKTepU3yeTCsl BSI3KO-
TUTACTUYECKUM TE€YeHHEM U OBICTpOi penakcammeit [33].
OpmHAaKO BO3MOYKHOCTD ITPUMEHEHUS THAPOIN30BaHHOTO
KOJUTareHa B IUIABJICHBIX ChIpax MPaKTUYECKH HE U3YyYeHa.
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BosbIMHCTBO HCCIIENOBAHUN COCPENOTOUEHO HA KU~
KHX MOJOYHBIX NMPOJTYKTaX, TOI/AAa KaK JaHHBIE O BIIHS-
Huu 'K Ha ka3enHOBBIE T'ellM U XUPOBYIO a3y CHIPOB
BECbMa OTPaHUUCHBI.

Hecmotpst Ha pacTymunii HHTEpEC K UCTIOIb30BAHUIO
HOBBIX, MOTEHIIUAIIBHO MEPCIEKTUBHBIX UHIPEIUEHTOB,
B TOM YHCJIE KOJIJIAr€Ha, B TPAJUIIMOHHBIX MOJOYHBIX
MPOAYKTax MexaHu3Mbl B3anmoseiictsus 'K ¢ kommo-
HEHTaMHU IUIaBJIEHBIX CHIPOB OCTAIOTCA HEPACKPBITBIMHU.
B gacTHOCTH, OTCYTCTBYIOT JaHHBIE O TOM, KaK KOJUIa-
TEHOBBIC MENTH/IBI BIUAIOT HA MUKPOCTPYKTYpPY U peo-
JIOTUYECKHE CBOMCTBA IUIABICHBIX CHIPOB.

[IpoBeneHHbI 0630p TUTEpaTypHI HOKA3aJl, YTO THAPO-
JM30BaHHBIA KOJJIareH 00JaJacT 3HaUNTEIbHBIM TOTCH-
LHAJIOM JUISl MOAN(HUKALIMN CTPYKTYPBI MUIIEBBIX CUCTEM.
Tewm He MeHee, ero MpUMEeHEeHHE B IUIABJICHBIX ChIpax Tpe-
OyeT IeTadbHOrO M3Y4EHHs, TO3BOJISIONIECTO B AANbHEH-
€M ONTHMM3UPOBAaTh PELENTYpPsl U NPOTHO3UPOBATH
cBoiicTBa mponaykiuu. Hacrosiee uccneqoBanue BHO-
CHUT BKJIAJ[ B PEIICHHUE 3TOTO BONPOCa, MpeaIaras HOBbIE
naaHble 0 posin 'K B crabunmzanmy sMyJIbCHil B yKpen-
JICHUU OEJIKOBBIX MATpPHIL.

AXTyaJbHOCTb HCCJICIOBAHUS OTBEYAET TAKKE COBpE-
MEHHOMY 3aIlpocy Ha HaTypaJIbHOCTbh, KOT/Ia TIOTPEONTENb
0KHJACT BUJICTh B COCTaBE MPOAYKTa J00ABKH, CIIOCO0-
HbIE HE TOJIBKO MOAM(DUIUPOBATE MUKPOCTPYKTYPY ¥ peo-
JIOTUYECKHE CBOMCTBA IJIABJICHBIX CHIPOB, HO M YJIyd-
LIUTH €ro cocTas. Mcnonb30BaHue THAPOIU30BAHHOTO
KOJUIareHa COOTBETCTBYET TPEHaM Ha MPOLYKTHI € 100aB-
JICHHOW IIEHHOCTHIO, B YACTHOCTH 32 CYET OMOAKTUBHBIX
MENTUAOB KOJIJIAreHa, YJIy4IIaroIUuX 3J0POBbE KOXKHU
u cyctaBos [34, 35].

Lems nanHO# pabOTHI — YCTAHOBIICHUE BIIASHIS BKITIO-
YeHUs TUAPOJIU30BAHHOIO KOJIJIAr€Ha B COCTAB ILIaBJIE-
HOTO MacTo00pa3HOro Chlpa Ha €ro MUKPOCTPYKTYPY
1 PEOJIOrMYECKHUE CBOMCTBA.

B pamkax HacTOAIIETo MCCIeI0BaHUS MTPOBEPSIACh
runotesa o ToM, uto I'K, obnagas ruipoduibHEIME U AMYJTb-
THPYIOIIMMH CBOIICTBaMH, CIIOCOOEH CYIECTBEHHO MOJH-
(GbUIMpoBaTh MUKPOCTPYKTYPY IUIABJICHOTO IacToo0pas-
HOTO CBhIpa U U3MEHSTh €r0 PEOJIOTHYECKUE CBONHCTBA
3a CYET B3aUMOJICHCTBHS C Ka3€MHOBBIMH MUIEIIAMHU
1 XHUPOBBIMH TJ100ynamMu. B oTnmume ot nccienoBanuii
110 KOJIJIAT€HY B MOJIOYHBIX HAaIUTKAaX aKLEHT CIENaH
Ha BSI3KOYIIPYTHE CBOWCTBA CHCTEMBI, YTO aKTyaJIbHO
JUISL KATETOPUI CBIPOB C BHICOKOW MIACTUYHOCTBIO.

JUist TOCTHKEHUS LIeNH UCCIEI0BAHUS PEIIAINCH CIIe-
IYIOIIHE 3aa4u:

— oueHuTh BozaercTeue 'K Ha MUKPOCTPYKTYpy IJ1aB-
JICHOTO ChIpa (CpeIHUH pa3Mep KHPOBBIX INIOOYIT U €ro
BapualeNnbHOCTb, IUIOTHOCTh OEJIKOBOW MaTpHIIbI, O/IHO-
POAHOCTB CTPYKTYPHI CHIPa);

— oneHuUTh Bo3zelcTere 'K Ha peonoruueckue xapakrepu-
CTHUKH IIJIaBJIEHOTO ChIpa (BA3KOCTh, aAre3usl, TPOUHOCTD);
— MPEIOKNUTH BO3MOKHBIE MEXaHU3MbI BBISIBJICHHBIX 3a-
KoHOMepHocTel B3aumozeiicTBus 'K ¢ komnonentamu
CBIPHOM CMeCH.
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OO0BbeKTBI U METOBI HCCIE0BAHHUS

OOBeKT UCCIeTOBaHNS — IUTaBJICHBIN TacTOO0Pa3HEIH
CBIp, 00OTaNIeHHBIN THAPOIH30BaHHBIM KojutareHoM (I'K).

CocTaB KOHTPOJIFHOTO M OIBITHOTO 00pa3loB chipa
npuBeneH B Tabnune 1. JlnamazoH 103MPOBOK BHECEHHS
I'K 65111 o1peiesieH B IpeaBapUTENbHBIX IKCIIEPUMEHTAX
METOJIOM MaTeMaTHYECKOTO MOJICIIMPOBAHUSI OPTraHOJIeT-
TUYECKUX TOKa3aTesieil, COOTBETCTBYIONINX KOHTPOJIb-
HOMY 00pa3iy IUTaBICHOTO MACTOOOPA3HOTO ChIPa, U COC-
taBui 3,0-3,5 %. MaremaTiudeckoe MOICTUPOBaHHE IIPO-
BEJICHO MyTEM peajM3alliy MOJHOro (pakTOPHOTO IKCIIe-
PHMEHTA C IICHTPAIbHOM, OCEBBIMH U JIOTIOTHUTEIBHBIMH
TOYKaMH; TUI MOJEIHN — ITOJIMHOMHAIbHAS PErpeccust
BTOPO#i CTEIEHH; 3HAYMMOCTh KO3(D(DUIIUSHTOB MOICIH
ompeeNieHa 1o f-rectaM. AJEKBaTHOCTh MOJIENHN TIOJ-
TBepkaeHa Tectamu [llanupo-Yunka u Jlesena: 94 %
N3MEHYUBOCTH OTKJIMKA OOBSICHACTCS MOAETBIO perpec-
cun. OpraHoJyienTHYECKHe oKa3aresn 00pasLoB IIaBlie-
Horo cbipa oneHensl o 'OCT 33630-2015.

T'unponmsoBanHEI KomtareH moydeH o TY 10.89.
19-003-0160057957-2021 (OO0 «CMT-I"pynm», Poccust).
OO0pa3ipl MIaBJIEHBIX CHIPOB BHIPA0ATHIBAINCH HA ITPH-
6ope Tepmomuke TMS5 (Vorwerk International & Co.
KmG, [IBeimapus) myTeM U3MeTbUeHIs], CMEITHBAHIS
U TIJIaBJICHUSA ITOATOTOBJICHHOI'O ChIPbS C UCTI0JIB30BAHHUCM
conel-miaButeneid. Conu-miaBUTeNM NOA0OPaHEI ¢ yue-
TOM HOJTyYEHHS IUTACTUYHON KOHCHUCTEHINH B TUIABJICHOM
ChIpe M aKTUBHOH KHCIOTHOCTH OT 6,20 10 5,80: BEIOOD
oprodocdara Hatpus ocymiectsisuiy mo 'OCTy 31725-
2012; mupodocdar narpust — OCT P 55054-2012; Tpu-
tdocdar matpus — IOCT 31638-2012; momudocdar HaT-
pust cormacHo 'OCTy 31686-2012.

[Tpu rccnenoBaHUM MUKPOCTPYKTYPBI 00pa31ioB I1JIaB-
JICHOTO ChIpa 3aJeHCTBOBAHBI IBE MOJEIH MUKPOCKO-
noB. MccrnenoBanus NpOBOIMINCH B IPOXO/SIIEM CBETE
COTJIACHO METOJTY CBETJIOTO MoJist. [IJ1sl HOTyYeHUst MUKPO-

¢dotorpaduii ¢ ysenuuernuem 1o 1270x ucrmonp3oBain
mMukpockon Mukpomen-1, Bapuant 2-20 (Ningbo Sheng
Heng Optics & Electronics Ltd., Kurait) ¢ 6unokymsip-
HOW BU3yaJbHOI HacaJkoW TOro € NpOU3BOAUTEIIS.
BusyanpHas Hacazka MUKpocKomna paboTalia COBMECTHO
¢ xamepoii (BuaeooxyssipomoM) ToupCam UCMOSO
3100KPA (ToupTek Photonics Co., Ltd, Kurait), agan-
tepom-niepexoaankoM ToupTek FMA050 0.50X (Toup
Tek Photonics Co., Ltd, Kurait), 15’ monutopom LG
FLATRON L1510S (LG Electronics, FOxxuas Kopes)
u mporpaMMHBEIM obectieuenneM ToupView (ToupTek
Photonics Co., Ltd, Kuraii). [{ns moixydeHus: MUKPO-
¢doTorpaduii ¢ yeenudyerueMm 10 3384xX HCMONB30BAIH
mukpockon Ansramu BMO 1 (OO0 «Ansramuy, Poccus)
¢ Buneokamepoir Anpramu UCMOSO05100KPA-U-NA-
N-C-SQ-NA (OO0 «Anbramm», Poccus), amanrepom-
nepexogarkom 0.5-C/23 0.50X (OO0 «Anpramny, Poc-
cus), 19°” morntopom SAMSUNG S19C200 (Samsung
Group, Oxnas Kopest) v iporpaMMHBIM 00eCTICUCHHEM
Altami Studio (OOO «Anbsramuy», Poccus).

Jn1st npUroToBIEHUSI MUKPOCKOITMYECKOTO ITpenapara
00pa3iiel TacTo00Pa3HOTO TIIABJIEHOTO ChIPa HAHOCHIIUCH
TOHKHM CJIOEM Ha IIPEIMETHBIE CTEKJIA, Jjajiee HaHOCHITI
BOJIHBI pacTBOP METWJIEHOBOTO CHHETO, 3aTEM HAaKpBI-
BaJIK 00paser] MOKPOBHBIM CTEKJIOM. [Ipu ncronp3oBaHuH
METOJ]a ONTUYECKOH MHUKPOCKOITUY INIyOWHA PE3KOCTH
OTpaHMYCHA, MIOATOMY /ISl KaXKAO0Tro o0pasna aHajau3u-
PpOBaICh 5 cIy4aifHO BRIOPAHHBIX MTOJICH 3pEHMUS Ha KaX-
JIOM YBEJIMUYCHUH, YTOOBI H30€KaTh OIIMOOK U3-3a JIOKAJIb-
HO# HeoaHoponHocTH. [lepea mpoBeneHreM MUKPOCKO-
muH 00pa3is! XpaHmwiich mpu 4 £ 1 °C He 6onee 2 qHE
I0CJIE U3TOTOBJICHHUSL.

Jn1st ’HCTPYMEHTAJIBHOTO aHAIN3a JaHHbBIX, OJTy4eH-
HBIX C MUKPOCKOIIOB, HCIIOJIb30BaM MTaKeT 00paboTKH
n3obpaxenuit Fiji Imagel2, c moMomsio KOTOpOTro mpo-
W3BOJIJIM OIIEHKY pa3MepOB XHPOBBIX T100yJ1 B 00pasiax

Ta6nuna 1. PenenTypa niaBiaeHOro nacToo0pa3Horo ceipa (Ha TOHHY)

Table 1. Formulation for processed cheese spread (1 ton)

Hanmenoanue cbipbs Macca, kr
KonTtposnbHbIii 00paserr OnbITHBIH 00paser]

CbIp cbI4y>KHBII IOIYTBEPABLI C MaccoBOH foieit cyxoro BemiecTsa 56 %, 360,1 329,1
JKHpa B CyXoM BelecTse 45 %
TBopor ¢ MaccoBoii foieif cyxoro BemiecTsa 25 %, xupa 5 % 102,0 102,0
Macino KpecTbsiHCKOE CIaJKO-CIIMBOYHOE C MacCOBOH aomei 284,1 284,1
cyxoro BemectBa 75 %, xxupa 72,5 %
CIuBKY ¢ MaccoBOi noneit cyxoro BemmectBa 41 %, xxupa 35 % 61,2 61,2
Cyxoe 00e3KHUpeHHOe MOJIOKO C MaccoBOil oyielt cyxoro BemiecTBa 96 % 21,8 21,8
Coub niAmeBas 1,0 1,0
Colp-11aBUTEb 20,4 20,4
JIMMOHHas KHCI0Ta 1,0 1,0
T'uaponu3oBaHHBI KOJUIATeH 0 31,0
Boga nutheBast 168,4 168.4
Bcero 1020,0 1020,0
Brixon 1000,0 1000,0
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TUIABJIEHOTO ChIpa ¥ CTPOWJIN THCTOTPAaMMBbI pacipeaeie-
HUs. VI3MepeHust >KUPOBBIX TI100YIT TPOBOIUIINCH C [IIATOM
50 MKM 1o ceTke 3%3 B LIEHTpE I10JIe 3pEHMUs], IPH U3Me-
pEeHUM HCKITI0Yanch Kpaesbie 3 dexTsl. s gerexTn-
POBaHMsI KOHTYPOB IJI00YJT MCIIOIB30BAINCH BO3MOXKHO-
ctu Fiji ImageJ2 (moporoBoe 3nadenue sipkoctu > 200
Ha mkaie 0-255).

O1eHKy OZHOPOAHOCTH OEIKOBOH MAaTpPHUIIHI B 00pa3-
ax IUIaBJICHOTO ChIpa OCYLIECTBIISLIN C IIOMOIIBIO HHCTPY-
MmenTa Interactive 3D Surface Plot makera Fiji Imagel2,
MIO3BOJISIOIIETO CO3aTh U3 ABYXMEPHBIX MUKpOQOTOTpa-
¢uii o6pa3noB 3d-rpaduk NOBEPXHOCTH, TJ€ Kaxaas
TOYKa UMEET KOOP/IMHATHI X, Y (Kak U B 2D-u300paxenun),
a Z — OTpaXkaeT SIPKOCTh TOYKH Ha UCXOHOH 2D-doro-
rpadun (MHTEPIPETUPYETCS] KaK BBICOTA ISl rpaduKa).
HNHCcTpyMeHT nOAAEpKUBAET B TOM YMCIIE HENPSIMOY-
TOJIbHBIE BRIOOpKHU. HempsiMoyronsHOE H300pakeHe
MacIITabMPOBAIOCH 10 KBAJIPATHOTO C UCTIOIB30BAHUEM
BBIOOPKU METOAOM k-Ommkaimx coceznei (k-nearest
neighbors). [ToBepXHOCTH CTPOUINCH HA OCHOBE IIpe-
obpazoBanus Oypse.

HccnenoBanue peosloriyeckrnx CBOHCTB 00pa3IoB chipa
nposeaeHo B «Cubupckom HNUU cripomenvisi» Ha mpubope
¢upmer «Peoxon» (Poccust), paspaboTanHoM mpodecco-
poMm A. A. MailopoBBIM, IO YTBEPKIACHHOU METOIUKE.
IpuHun aeicTBUsA IpruOOpa OCHOBAH Ha U3MEPECHHH
Ipeziena MPOYHOCTH 00pa3iia IIaBJICHOTO ChIPa IPH HOT-
pyXeHnu MHAeHTopa. JleTanpHoe onncaHue npudopa
¢bupmbl «PeokoH», ero BHEIIHUN BUA U BU]l HHAECHTOpA
MIPUBEJICHEI B MiccaenoBannu [36]. Meromnka ocHOBaHa
Ha M3MEPEHNH HANPSDKEHUS CABUTA (YCHIINS HATPyKEHUS
Ha MHJEHTOPE, OTPaXKAIOIIEro COpOoTUBiIeHue aedop-
MaIliH) TIpU TOTPyKEHUH HHICHTOpa B 00pa3ell IaBie-
HOTO ChIpa Ha 33JJaHHYI0 ITyOHHY IIPH 3a1aHHOH CKOPOCTH.
Hcnons3oBan UHACHTOP HOXKCBOT'O TUIIA, U3TOTOBJICH-
HBII U3 HepxaBewmen ctanmu (1e3sue 40%5 MM, yrou
HakioHa 90°), 94TO 0OeCIeYNBAIO KOHTAKT IIOMAIBIO
0,0002 m>. PexxuM peosorTHYecKUX HCCIIeJOBAaHUM: TIIy-
6unHa morpyxeHus uagearopa 0-50 MM, cKOpoOCTh TOT-
pyxenus 10 Mm/c, Temneparypa o0pasloB M OKPYXKaro-
et cpeanst 20 + 1 °C.

PesyabTaThl U HX 00Cy)KIeHHE

MUKpOCTpYKTypa IJIaBJICHBIX CHIPOB XapaKTepH3y-
eTcs Crenu(pUIeCKUMH 0coOeHHOCTIMH. benkoBas ma-
TpuIa 00pas3yeT ceTyaTyro CTpyKTypy, KUp paclpeacieH
B BHJIE Kaneiab. PaBHOMEpHOE pacnpeseseHne MeIKuX
YKHPOBBIX TJI00YJ B 00pasie OyleT yKka3blBaTh Ha XOpPO-
IIy10 YCTONYMBOCTb 3MYJIBCHHU U CTaOMIBHOCTD MTPOIYKTA.

st Bu3yanusanuy KpymHBIX CTPYKTYP ChIpa, TaKUX
KaK »XKMpOBBIE TJI00YJIBI ¥ OEJIKOBasi MaTpHUIla, XOPOILO
MOJIXOANT onTHUYecKass Mukpockonus. Ilocae nposene-
HUSI CEpUU SKCIIEPUMEHTOB TOJIYYeH MAacCUB JIaHHBIX.
Ha pucynxke 1 npueneHs! 06pa3ibl THIIHYHBIX MUKPO-
¢dotorpaduii ceipa.

braromapst HU3KOM MOJIEKYJIAPHON Macce KOPOTKUE
MenTH 6l TuApoan3oBaHHoro kosarena (I'K) nerko B3au-
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MOZEHCTBYIOT ¢ APYTMMH KOMIIOHEHTaMU cbipa. B KoH-
TPOJILHOM 00pa3iie chipa (puc. la, ¢, €) OenkoBast MaTpuIla
uMesna BUANMBIE Pa3phIBbI 1 HEPAaBHOMEPHOCTH, MIEPUO-
JUYECKH BHUJIHBI YYaCTKH C HU3KOM CBSA3HOCTHIO. B 00-
pasiie TIaBJIeHoTo chipa ¢ koyuiarenoM (puc. 1b, d, f) 6enxo-
Basi MaTpulla OoJiee IUIOTHas U HenpepbiBHas. KopoTkue
MENTHBI THAPOIN30BAHHOTO KOJUIare€Ha MOTYT BCTpa-
MBAaThCS B CTPYKTYPY KAa3€HHOBOW MaTpHUIlbl, 00pas3ys
JOIOJIHUTCIIbHBIC TONICPECUYHBIC CBA3U, YTO BHU3YaJIbHO
OTMEUCHO KaK YCHJICHHE CeTYaTON CTPYKTYphI OCIKOBOM
MaTpulbl. B cTpyKType ombITHOr0o 00pasia chipa OT4eT-
JMBO HaOMOanuch Oosee MeNKUe IyCTOTHI, 10 CpaBHe-
HUIO C KOHTPOJIBHBIM 00Pa3LoM.

YKupossie ri1o0ysl B KOHTPOIEHOM 00pasiie (puc. 1a,
¢, €) kpynHsle (12—97 MKkM) U HEpaBHOMEPHO pacripe-
JIETIEHBI, OTMEYAIOTCS MPU3HAKN KOAIECIICHINH (KpYITHbIE
JKHPOBBIE KAaIUIM CIPYIIMPOBAHEI B Ki1acTepsl). B obpasue
ceIpa ¢ kojutareHoM (puc. 1b, d, f) sxupoBbie TIIO0YIBI
Menbue (6—29 MKM) 1 paBHOMEPHO pacrpe/iesieHbl B Oern-
KOBOH MaTpHIe, CIUIIaHNE Kalledb Kupa eJUHUYIHOE.

Pucynox 1. [lnaBneHslii celp: a — 6€3 HanoOJHUTEEH
(koHTpOJB) U b — ¢ KoymareHoM (yBenuuenue x127);
¢ — 0e3 HamoJHUTENeH (KOHTPOIb) B d — C KOJIITareHOM
(yBenmuenue x318); e — 6e3 HanoIHHUTENEH (KOHTPOIB)
u f — ¢ konmnarenom (yBenmdenue X 1270)

Figure 1. Cheese spread: a — control and b — with collagen
(magnification x127); ¢ — control and d — with collagen
(magnification x318); e — control and f — with collagen

(magnification x1,270)
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Kosmaren ycmnm cTabHiIbHOCTS SMYJIBCHH 3a CUET yKpe-
IJIeHUs] OEIKOBOW MaTpHIbl. YKpeIUIeHHas OelKoBast
MaTpHILa JIydlle yIepKUBACT )KUPOBBIE INI00YIIbI, HE M03-
BOJISISL MM CJIMBAThCS JJaKe MPH MEXaHWYECKHX BO3AEH-
CTBHAX, HalIpUMep MepeMeInBaHuU. MeJKue KUpOBbIe
rI100yITBI 00ECTICYNBAIOT OOJIEE TIAANKYIO H OTHOPOJHYIO
TEKCTYPY, YTO OCOOCHHO Ba)KHO ISl TACTOOOPA3HBIX CHIPOB.
I'maponm3oBaHHbIN KOJIJIareH He OKa3bIBaeT IIPSIMOTO BIIUS-
HUSL Ha JKMP B IPOJYKTE, HO 33 CUET YKPEIUIEHUsI OCIIKOBOM
MaTpHIbl ¥ MPEAOTBPAIIEHHS KOAJECHECHINN KUPOBBIX
I00YJ CIIOCOOCTBYET COXPAHCHHUIO MEJIKOTUCIICPCHOM
JKAPOBOH (pa3bl U MOKET KOCBEHHO CTaOMITM3MPOBATH
aMyJibcuio. ChIp C MEHBIIMMU JKUPOBBIMHU TII00YIaMU
OyzeT JydIle MIaBUThCS U PACTIPENEIATHCS, HAaPHMeED,
B COycCax WJIM NPY HarpeBaHHH.

B mumeBsIX 9MyNIbCHAX, BKIIOUasl MIABICHBIE CBIPHI,
CcTaOMIIBHOCTh CUCTEMBI 3aBUCHUT OT pa3Mepa HPOBBIX
karenb. Menkue r00ys (5,0-20,0 MkM) MeHee CKIIOHHBI
K KOAJECLCHIINH 13-32 OOJIbIIECH IO N TOBEPXHOCTH
1 DJIEKTPOCTATHYECKOT0 OTTANKUBaHUsL. OHU (OPMHUPYIOT
6oJiee OTHOPOTHYIO CTPYKTYPY, UTO YIy4IIaeT TEKCTYPY
U CPOK roiHOCTH chIpoB. KpymHsle ri106yis! (> 20,0 MkM)
JIerye CIMBAIOTCS, YTO MPUBOJIHUT K PACCIIOCHHIO IMYJIECHI
(oTnenenue xupa Wid BOABI). ITOT NPHHIUI YHUBEPCAIEH
1St MHOTHX SMYJIBTHPOBAHHBIX IPOAYKTOB, BKITIOUast Maio-
HEe3, MOPOXKEHOE U IU1aBieHbIi ceIp. [Ipu pasmepe rinobyn
meHee 20,0 MKM yMEHBIIIAaeTCsl CKOPOCTH BCILTBITHS KIpa
(o 3akony CTOKCa), TOBBIIIAETCS yCTOHYMBOCTD K OKHC-
JIeHWI0 (MEHBIIas TIIOMAabh KOHTAKTa ¢ KHCIOPOIOM).
EcTp oTiMuMs ¥ B OPraHONENTHYECKUX CBOMCTBAxX: IJI0-
Oybl pazmepom MeHee 20,0 MKM He OIIYIIAlOTCs S36IKOM
KaK «3€pHHUCTHIE», YTO BAXKHO IS IVIAJKOIM TEKCTYPHI
nacToo0pa3HbIX CHIPOB. B MccienoBaHusIX MIaBIEHBIX
CBIPOB ONTHMAJIBHBIA pa3Mep >KUPOBBIX TI00YI AT cTa-
OMJIBHON 3MYJIbCHHM OOBIYHO HAaXOAMTCS B JUana3zoHe
5,0-20,0 mxM. Hamr pesysibrat (CpemHuii pa3mep Kupo-
BBIX TJI00YJ B OIBITHOM 00pasie cocTaiseT 14,8 Mkm)
TIOTIA/IACT B 3TOT JUAIA30H, UTO MOATBEPKAaeT dPPEeKTHB-
HOCTb TH/IPOJIM30BAHHOTO KOJUIAreHa Kak (yHKIMOHAIBHO-
TEXHOJOTUYECKOTO KOMITOHEHTA.

B xoHTpossHOM 00pasue (puc. 1a, c, €) HabIro1aCh
IIyCTOTHI U KaHAaJbl, T/Ie OT/EIMIACh Biiara (IIpu3HaKy CHHE-
pesuca). B omsiTHOM 00pasiie mycToT MeHbIe U Ooliee
paBHOMEpHOE pacrpelielieHne BOJHOM (asbl, CTpYKTypa
BRITI AT Oottee cBs3HOoM. 'K 00ragaeT BBICOKOM cHo-
COOHOCTBIO CBS3BIBATH BOAY OJlarojapsi HAIMYUIO THIPO-

(PUITBHBIX TPYII B CBOEH CTPYKTYype. [ MIponn3oBaHHEII
KOJUIAareH CBS3BIBAET BOAY, CHHKAsI OABHKHOCTD JKHUPO-
BBIX TJIO0YIN M 3aMEUIsIs UX TIEPEMEIIECHHUE U CIHUINAaHME.
Taxum 06pa3om, moATBeprKIeHa rHIoTe3a o ToM, uto ['K
TTOBBIIIAET BOJOCBSI3BIBAIOIIYIO CITOCOOHOCTH 00pa3siia.

Ha mukpodororpadusx obpasua ¢ komtareHoM (puc. 1b,
d, f) Habmonasnock Ha 20 % MeHbIIIE TyCTOT U yMEHbILICHUE
CpeIHEero pazMepa KHPOBBIX II100y Ha 44 % (¢ 26,5 MKkM
1o 14,8 MKM), 4TO CBUAETENBCTBYET O TOM, YTO THIPOJIN30-
BaHHBIN KOJUIAreH YKPEHHJI OEIKOBYIO MAaTpPHUILy, CO3/1al
¢usnygeckuit 6apbep, NPENSITCTBYIOUIMN KOAIECICHIIUH
KHUPOBBIX KalleNb, CTAOMIM3UPOBAI AMYJIBCHIO, & TAKKE
YIyUYIIWI CTPYKTYPHO-MEXaHUYECKHE XapaKTEePUCTHKH
TUIABJICHOTO CHIPA.

Be1sBiI€HHBIE 0COOCHHOCTH MUKPOCTPYKTYPHI IUIaBiIe-
HOTO ChIpa, 0000IIEHHBIE B TAOIHIIE 2, OTPaKAIOTCS HA €T0
cBoiicTBax. I10cKONBKY B OMBITHOM 00pasie >KUPOBBIE
r100yJIBl MEJIbYE, MMyCTOT MEHBIIIE, a OCIKOBas MaTpHUIla
TUTOTHEE — CHIP C KOJUTareHoM Oy ieT Oosiee IIacTHIHBIM,
YTO COIJIaCyeTcsl ¢ pe3ybTaTaMH HAIllMX MCCIIeT0BaHUN
PEOJIOTHYECKHUX CBOHCTB 00pa3IioB.

l'ucrorpaMMel pacnpeneneHust pa3MepoB )KUPOBBIX
o0y s 000uX 00pasloB MPHUBEICHBI HA PHCYHKE 2.
Busyanuzanus nomoraer onpenenuTs GopMmy pacmpe-
JesieHust (HopMasibHasi, OMMoJalIbHAasI, aCHMMETPUYHAs
U T. J1.), @ TAK)KE OTBEPNTD BIIMSHUE KOJIJIaTeHa Ha CTPYK-
TYypY chIpa.

BuzyanbHbIi aHaTIM3 THCTOTPaMM TTO3BOJISIET CIENIATh
BBIBOJI, UYTO B KOHTPOJIBHOM 00pa3siie chipa (puc. 2a) pac-
IpesejeHre IPaBOCTOPOHHEE C JIIMHHBIM «XBOCTOM)
B CTOPOHY KPYHHBIX 1100y (10 97 MKM), €CTh OT/AENb-
HBIE BBIOPOCHI (’KHPOBEIC TTIO0YITBI pazMepoM > 50 MKM).
B 00pa3iie miaBieHoro nacToo0pa3Horo chipa ¢ TUAPO-
JII30BaHHBIM KOJIIareHOM (puc. 2b) pactipenenenue OIIim3Ko
K HOpMaJIbHOMY ¢ TUKOM Ha 11-15 MxM, Tuana3oH cyxeH
M0 CPaBHEHHIO C KOHTPOJIBHBIM 00pa3oM (6—29 MkMm),
BBIOPOCHI OTCYTCTBYIOT.

BaxHo Takxke 00paTUTh BHUMAHUE HA PA3HULLY B TUa-
Ha30Hax pa3MepoB. B koHTponbsHOM 00pasie (puc. 2a) pas-
MepbI BappHpytoTes oT 12 10 97 MKM, B onbITHOM (pHc. 2b) —
oT 6 10 29 MKM. DTO yKa3bIBaeT Ha TO, YTO JOOABIICHHE
KOJUIareHa MOXKET CIOCOOCTBOBATh 0oJiee OJJHOPOIHON
CTpyKType r100yn. OJJHaKO B BUJE YTBEPKACHUS 3Ta TUTIO-
Te3a SBJISETCS TUCKYCCUOHHOM: sl €€ IMOATBEPIKACHUs
(w1 ompoBepIKeHNs ) HEOOXOIIIMO YCTAHOBUTB, HACKOIIBKO
CTaTUCTUYECKH 3HAYMMBI 3TH Pa3Inyusl.

Ta6nuna 2. TunudHble K3MEHEHHS B CTPYKTYpPE IUIABJIICHOTO MacTOOOPa3HOTO ChIpa MU A00aBICHUU
TUJPOJIM30BAHHOrO KOJIJIareHa

Table 2. Effect of hydrolyzed collagen on cheese spread structure

ITapamerp

KonTtponbHsIi 06paszen

OnbITHBIA 00pa3zer]

’Kupossie 1100ysI

Kpynnsle, HepaBHOMEpHBIE,
Cpennuit pazmep — 26,5 MKM

Mernkue, paBHOMEpHBIE,
Cpennuii pazmep — 14,8 Mkm

BenkoBas Marpula

C pa3pblBaMU, HEpaBHOMEpHasI

HJ'IOTHaS{, HENPEPLIBHAA

Bognas daza

ITycToTsl, TpeuHbI

MuHUMYM IIyCTOT

664



Mycuna O. H. [u op.] Texnuxa u mexnonozusa nuwegvix npouzeoocms. 2025. T. 55. Ne 3. C. 659-672

7_
6_
o 51
m
=
= 31
<
2_
N [ II‘ ‘I I‘II‘IMIIIIIIIII
0+ — T T T T
N <t o e} (=3 (\l ﬂ' m v [N [N — o Ned < O N o (s
— — — — N (o] N N o o <t <t v o o~ [c<] [e)}
Pa3Mep KUPOBOH TIIOOYIIBI, MKM
a
10 ~
9_
8_
o 71
m
=
2 5]
S 4
M 3_
2_
1_
0_
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Pa3mep xupoBoit rinodybl, MKM

b

Pucynok 2. ['uctorpamMmbl pacupe/esieHus] pa3MepoB XUPOBBIX 100y B 00pa3uax IIaBJICHOIO MacTo00pa3HoOro chipa:
a — 0e3 HamoJHHUTeNeH (KOHTPOJB); b — ¢ KOJUIareHOM

Figure 2. Fat globule size: a — control; b — experimental sample with collagen

st 00onx 00pasoB pacCUUTaHbl OCHOBHBIE CTATH-
CTHYECKHE TIoKa3zaTenu (Tadu. 3), 9TO TOMOXKET MOHAThH
LEHTpaJIbHBIE TEHJICHINHN U paz0opoc naHHBIX. CpeHuii
pas3Mep T100yJI HOKa3bIBaeT, €CTh JIM 3HAYNMOE Pa3iIndue
MEXIy KOHTPOJBHBIM H ONBITHBIM 00pa3lamu, MeJruaHa
JlaeT IPEeJCTaBlIeHHE O TUIIMYHOM pa3Mepe XKUPOBBIX
o0y B 00pasiax, a CTaHIapTHOE OTKJIOHEHHE — O Bapha-
OCILHOCTH Pa3MepOB III00YII.

B ombrTHOM 00pasie cpeqHuii pa3mMep JKUPOBBIX TII0-
Oyn camsmics Ha ~ 44 % (¢ 26,5 no 14,8 mxm). CTaHgapT-
HOE OTKJIOHCHHE YMEHBIIUIOCH B 3 pasa, 4To YKa3bIBaeT
Ha OO0JIBILYI0 OIHOPOJHOCTH Pa3MepOB. Y3Kuil Ananazon
(629 MKM) 1 OTCYTCTBHE CTaTHUCTHUYECKHX BBHIOPOCOB
B pacnpe/ieJIeHIH PasMepOB )KUPOBBIX TII00YII B OITBITHOM
o0pasiie SBIAITCA NPU3HAKOM IOJIOKHUTEIBHOTO BIIUS-
Hus 'K Ha cTpyKkTypy OpoayKTa.

J1s 1OCTOBEPHBIX BBIBOJOB O BIMSHHUU T'MIPOJIH30-
BAHHOT'O KOJIJIareHa Ha CTPYKTYpY IJIaBJICHBIX CHIPOB
HEOOXOAMMO JaTh OLEHKY CTaTHCTUYECKOI 3HaYMMO-
CTH pa3N4uil B pasMepe KUPOBBIX TI00YI KOHTPOIb-
HOT'O U ONBITHOTO 00pa3uoB. C LeNbo Kpocc-Balnaaliu
pac4eToB HCIIOIB30BaM 00a TecTa (ImapaMeTpUIeCKIi
Y HeNapaMeTPHUYECKH ).
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IpoBeniena nMpoBepKa BBIIOIHEHNUS yCIOBHH JUIS TPHUMe-
HEHHS TapaMeTPUIECKUX TeCTOB (t-kputepuiit CThIOeHTa
IIpeIoiaraeT HOpMaJIBHOCTh pacIpeielIeHUsI U PaBeH-
cTBO aucnepcuii). /1y KOHTpoJIEHOTO 00pa3iia MpoBepKa
HOpMasIbHOCTH pactpeneneHus (tect Lanupo-Yuika)
[I0Ka3aja, 4To paclpelieieHne HeHOPMaJIbHOE (aCHM-
MeTpH4HOe) ¢ BeIOpocamu (p-value < 0,05). B onbsiTHOM
o0paslie HOpMaTbHOCTh PACIpeeNICHNs] HE OTBEPraeTcst
(p-value > 0,05). Tak kak OTHO U3 pacIpeIeIeHAN HEHOP-
MaJibHOE (Y KOHTPOJIBHOTO 00pa3lia HapylIeHO YCIOBUE
HOPMaJBHOCTH), TApaMETPUUECKUHN {~KPUTEPHIA MOKET
ObITh HeHasies)keH. OJTHAKO, TTOCKOJIBKY BBIOOpKA 0OJIb-
mrast (N = 100), -KpuTeprii MOYKHO IPUMEHSTH C OCTOPOXK-
HOCTBIO, TMOO HCII0JIb30BATh HETIApaMETPUIECKHE TECTHI
(U-xputepuit Manna-Yutau). [IpoBepka paBeHCTBa JHiC-
niepeuii (Tect JleBeHa) mokasaia, 4To IUCHEPCHU HE PaBHBI
(p-value <0,001), mosToMy HcTOIB3yeM t-KpUTEpUA Yamua,
HE IIpeIoIaraouii paBeHcTBa Aucnepcuil. Pasmepsr
BbI00pOK N paBHbI (110 100 5XHPOBBIX TII00YIT B KXKI0M),
YTO MOJIOXKHUTEIBEHO CKa3bIBACTCS HAa MOITHOCTH TECTOB.
JIyist pacCUMTaHHBIX BEJIMYUH {-KpuTepus Yarda (¢ =6,07)
u ero crenern coooms! (df = 118), p-3ragenne < 0,0001,
TO €CTh CPEIHUE Pa3MEPhI )KUPOBBIX III00YJ B KOHTPOJIb-
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Tabmuua 3. OCHOBHBIE CTATHCTUYECKHE TTOKA3ATEIN pa3Mepa JKUPOBBIX TTI00y 00pa3LoB IUIABICHOTO ChIpa

Table 3. Fat globule size in cheese spreads

[Toxazarenn KonTponbHblii 00pazery OnbITHBINA 00paszer]
JlnamnazoH, MKM 12-97 6-29
Cpennuii pazmep, MKM 26,47 14,81
MenuaHna, MKM 22 12
CraHgapTHOE OTKJIOHEHHE, MKM 18,2 6,1

Tabauua 4. CratucTudeckas OlleHKAa 3HAYMMOCTH PAa3JIn4Hii B pa3zMepe KUPOBBIX 100y

Table 4. Significant differences in fat globule size

IToka3zarens ‘ 3HaueHue
[TapameTrpudeckuii TecT (t-KpuTepuii ¥Yoamda)
{-CTaTUCTHKA 6,07
Crenenu cBobozs! (df) 117,6
p-value <0,0001

Pasmep sddexra (d Kosna)

0,86 (d > 0,8; GobILIOt)

Henapamerpuueckuii Tect (U-kputepuit Manna- YutHn)

U-craTrcTika 400

p-value <0,0001
OnnodaxropHsiit ananu3 (ANOVA)

F-craructuka 36,89

p-value <0,0001

HOM H OIBITHOM 00pa3ax ChIpOB CTATUCTHYECKH 3HAYNMO
paznuyatorcs (p < 0,05). JlonoaHUTEeTsHO pacCUuTaH pas-
Mep 3¢ dexTa mo kpureputo KosHa, KOTOpEIil TOKa3kIBaET,
HACKOJIBKO BEJIMKO pa3inuue Mex 1y Beioopkamu: d = 0,86.

[IpoBenen Henapamerpuyeckuili Tect ManHa-YUTHH
(U-tect). CHavana o0ObeqUHIIIN TaHHBIE KOHTPOIBHOM
U OTIBITHOM BBIOOPOK B OJIMH CIIMCOK M PAaHXMPOBAIU BCE
3HAYEHHs OT HAUMEHbIIETO K HaubobieMy. MUHUMAIb-
Hoe 13 3HaYeHNH U-CTaTHCTUKA UCTIONB30BAJICS IS CpaB-
HEHMS C KPUTUYECKUM 3HaueHueM. [yt pasmepa BbIOO-
pok, paBrHoro 100, mpu a = 0,05 kpuTHyeckoe 3HaUE-
HUE UKPMT ~ 3960. [Tockonbky B Hauem ciydae U < U
(U =400 < 3960), pasnuuuns 3HAYUMBI.

OpnnodaxTopusii ananus (ANOVA) Takxke moarsep-
JIAJT CTATUCTUYECKYI0 3HAYMMOCTB pasimmanii (p < 0,0001),
YTO COIJIACYETCS C ~KPUTEPUEM.

B Tabnurie 4 nprBeaeHbI pe3yIbTaThl CTATUCTHYECKOM
OIICHKH 3HAYMMOCTH Pa3IIHMUIi pa3Mepa JKUPOBBIX TI00YIT
B ru1aBiieHoM cbipe ¢ 'K u 6e3 Hero. 'unoresza HO (otcyT-
CTBHE PA3ININN MEXAY TPYIIIaMU) OTBEPIaeTCs BO BCEX
Tectax (Tabmn. 4). Kak mapamerpuyeckue, Tak U Hemapa-
METPHYECKUE TECTHI MOATBEPIUIIH, YTO PAZTHIHS MEXKIY
TpyHIaMu cTaTuCTHYecKu 3Ha4uMbl (p < 0,05), pasmep
a¢dekTa yKa3plBaeT Ha MPAKTUIECKYIO 3HAYAMOCTE pa3-
. TecTsl MOATBEPAMIIH, YTO J0OaBIEHHE THUIPOIIHU-
30BAHHOTO KOJIJIaT€Ha 3HAYUTEIHFHO BIUSAET HA pa3Mep
JKUPOBBIX TII00YJI B ITABICHOM CHIPE, CYIIECTBEHHO YMEHB-
miast ux cpegauuii pazmep (p < 0,0001). Pasmep sddexra
(d = 0,86) xmaccudpuupyeTcs Kak OOJIBIION IO KPUTe-
pusim KosHa, 9To cormacyercst ¢ TMIIOTE301 O CTaOMITH3H-
pYIOIIEM NeHCTBUU KOJJIareHa.

KpHT
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Taxum 06pa3om, THIIOTE3a O TOM, YTO T'UAPOIN30BAH-
HBIN KOJUIareH B IJIABJIEHOM ChIpe JIEUCTBYET KaK AIMYJIb-
ratop, Npe0TBPaIas KOAICCICHIHIO KHUPOBBIX III00YII,
HO/ATBEPAMIACH CTATUCTHYECKMMHE JaHHbIMU. JloOaBieHune
I'K mpuBOIUT K 3HAYUTEIHPHOMY YMEHBIICHHUIO JHaMeTpa
KUPOBBIX I100Y1 (Ha 44 % 10 CPABHEHUIO C KOHTPOJIBHBIM
00pa3ioM) ¥ BEIpaBHUBAHUIO X Pa3MEpOB, UTO I103BO-
JISIeT TIPOTHO3UPOBATH YIIyUIIEHHUE TEKCTYPbI U CTaOMIIb-
HOCTH TUIABJICHOTO ChIPA.

Ha cienyromem sTane nccieioBaHuii MpoBeNy OLEHKY
OJTHOPOIHOCTH OENKOBOW MaTpHIIbI B 00pa3lax IuiaBlie-
HOTO chIpa (puc. 3). [IpoBenenne 3D-MOBEPXHOCTHOTO
aHaJIM3a MO3BOJIUT AaTh OOJIee MOJHYIO XapaKTePUCTHKY
CTPYKTYPHO-()YHKIIMOHATIbHBIX U3MEHEHHH, BBI3BAHHBIX
BBeienneM 'K, v moATBepANTE JaHHbBIE O ero posu B (hop-
MHPOBaHHHU CBOICTB IIABJICHOTO MaCTOOOPA3HOTO ChIPa.
B KOHTEKCTE MUKPOCTPYKTYPBI ChIPa BHICOKUE ITMKU KOP-
PEIUPYIOT C TUIOTHBIMH YYaCTKaMHU OCJIKOBOW MaTPHIIbI
00pa31oB, HU3KKE 00J1aCTH — IOPHI, BOAHAs (a3a WiH
YKHUPOBBIE TTIO0YIIBI, TPAUEHT IIBETA (OT CUHETO K OeTOMY)
MMOKAa3bIBAIOT M3MEHEHUE BHICOTHI (HHTEHCUBHOCTH).

B xoHTponeHOM 00pasiie (puc. 3a) HaOnrOmaeTCs He-
OJHOPOJIHASI TIOBEPXHOCTH: BHICOKHE MUKH (OETKOBBIE
arperarbl) YepeayoTcs ¢ rTyOOKUMY BIaANHAMH, KPYITHbIE
BIIQJIMHBI YKa3bIBAIOT Ha BBHICOKYIO IOPUCTOCThH 00pasiia,
HU3Kasl IUIOTHOCTh MUKOB CBUIETEILCTBYET O CIaboM
MOTMEPEYHOM CITMBAaHMK OEIKOBOU MaTpullbl. B 0Opasie
TUIaBJICHOTO MTACTOOOPA3HOTO ChIpa ¢ KoJutareHoM (puc. 3b)
HabmromaeTcst Oosiee TiIagKasi MOBEPXHOCTh: YMEHBIIIE-
HHE MePernagoB BBICOTHI 38 CYET YIUIOTHEHUS! OEIKOBOM
MaTpUIBl, MEJIKUE BIIQJAWHBI YKa3bIBAIOT Ha CHIDKEHHE
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TIOPHCTOCTH, 8 BRICOKAs INIOTHOCTH ITUKOB SIBIIICTCS IIPH3-
HAKOM yCHJICHHUS OCIKOBOI MaTpPHUIIBL.

BriepBbie yCTaHOBIICHO, YTO BKIFOYCHUE THIPOITH30-
BaHHOT'0 KOJUIareHa B COCTaB ILIaBJICHOTO IIACTO00Pa3HOro
ChIpa MHAYIUPYET PNl CTPYKTYPHO-(YHKIIMOHATBHBIX
M3MEHEHHI B €ro MUKpOCTpyKType. OHH 00YCIIOBIICHBI
(U3UKO-XUMHYECKMMH B3aUMOJICUCTBUSIMHU MEXIY KOJ-
JIaT€HOBBIMH MENTHIAMH U OCTAIEHBIMU KOMITOHEHTaMH
pelenTypsl, B OCHOBE KOTOPHIX, BEPOSTHO, JIEXKAT MeXa-
HU3MBI, OITUCAHHBIC Jajiee.

B ocHOBe Moudukanuy OSIKOBOW MATPHIIBI JIekKAT
MOJIMMEPHO-KOJIJIOUTHBIE B3auMoaercTBHs. [1naBneHsIit
CBIp MPEACTABISIET COOOI MOTMMEPHBIN aMOP(HBIHA r'ellb
Ha OCHOBE Ka3enHa, (JOPMUPOBAHHE TOMOI'C€HHON CTPYK-
TYpBI KOTOPOTO 0becteunBaroT conu-asutend. 'K, cocto-
ANAN 13 HU3KOMOJIEKYISIPHBIX TIETITHOB, MHTET PUPYETCS
B 9Ty OEIIKOBYIO MaTpPUILy Yepe3 HOHHBIC U THIPOPOOHEIE
B3aHMOJICHCTBHS ¥ BOJAOPOIHBIC CBSI3H, (POPMUPYS THOPHII-
HYIO OHOIOJIMMEPHYIO CETh.

I'mapodoOHBIe yuacTKH MENTHI0B THAPOIN30BAHHOTO
KoJIJIareHa B3auMOJICHCTBYIOT C k- U 0-Ka3euHOM, yCH-
JIUBasi IPOYHOCTh OENKOBON MaTpHIlbl. OTpULIATEIHHO
3apshKeHHbIe KapOokcmbHbIe Tpymiisl [ K BeTynaroT B noH-
UTIONBHOE B3aUMOJICHCTBHE C MTOJOKUTEIHHO 3apsKeH-
HBIMH aMHHOTPYTIIIAMH JTU3MHA Ka3enHa, OCOOCHHO B IIPH-
CYTCTBHH COJICH-TIJIaBUTENEH, PETYIUPYIONINX HOHHYIO
cmty. [MApOKCHUIIBHBIC TPYIIBI THApOKcUIpoauHa B ['K
(OpPMUPYIOT BOJOPOIHBIE CBS3H C KApOOHUIBHBIMU TPYII-
MaMH Ka3eHHa, MOBbIIIAst IPOYHOCTH OETKOBOM MaTPHIIBL.
B xommiiekce 3Ti B3auMOeHCTBUS IPHBOIAT K YBEITHYE-
HUIO CTETICHH MTPOYHOCTU IOMEPEUHBIX CBSI3EH OelKo-
BOHM MAaTpHIIBI, YTO TOITBEPIKIAETCS CHIDKEHUEM CPEeJi-
HETo pa3Mepa nop Ha MUKPO(GOTOrpadusix, COOTBETCTBYS,
TakuM obpazom, mozaenu diopu-Xarruuea Ui pacTBo-
POB HOJIMMEPOB C OTPaHUYEHHOH ITOJIBHKHOCTBIO. DTH BbI-
BO/IbI COTJIACYIOTCS C MOJTyYE€HHBIMHU aBTOpaMHU JAHHBIMH
PEOTOTHYECKOT0 aHaJIi3a 00pa3IoB.
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’Kuposas (aza mraBiIeHOro cbipa — 3TO IMYJIbCHS
THUIIA «MACIIO B BOZE», T€ )KUPOBBIE TII00YIIEI (TPHUTIIHLIE-
PHIBI MOJIOYHOTO JKHPA) AUCTICPTHPOBAHEI B OCITKOBON Ma-
Tpuue. ' uaponn3oBaHHBIN KOJJIareH BIMSET Ha MX CTa-
OMIIBHOCTbH HECKOJIEKUMHU MY TSIMU:

1. Yepes ymeHblieHnEe MEX(Pa3HOTo HATsDKEHHS (aMu-
¢dunpnbie nentuabl 'K, coneprkammue ruapoduiibHbINA THI-
POKCHITPONHH 1 TUAPOGOOHBIN TIININH, aICOPOUPYIOTCS
Ha TTOBEPXHOCTH XUPOBBIX TI00YI, CHIKAS YHEPTHIO
I'n606ca Ha TpaHwmIe pa3aena a3, 9To CIIOCOOCTBYET Qop-
MHpOBaHHIO OoJiee MENKUX TJI00YJ, B HAlleM Cirydae
CpeIHUIA JUaMeTp CHIKaeTcs ¢ 26,5 MkM 10 14,8 MkM);

2. I[TocpencTBOM DIIEKTPOCTATUYECKON U CTEPHUECKOM
cTabuIM3aluy (aHUOHHBIE MENTU/IBI THIPOJIIM30BAHHOTO
KOJUTareHa 00pas3yroT 3al[UTHBIA CIIOH BOKPYT IJI00YII,
MpeAoTBpamias KoalecIeHIHio o Mexaamsmy DLVO
(Hepsruna-Jlanmay-®epses-OpepOeka) 3a cueT yBenude-
HUS SHEPTeTHIECKOTO Oapbepa MeXy KalUIsIMH);

3. Uepes ycuiieHHE BA3KOYIPYTHX CBOHCTB OEITKOBOI
Marpulpl (YKperieHHas MaTpulia OorpaHMYMBaeT MOABMK-
HOCTB JXMPOBBIX IJIO0YJI, MOJABIISSI UX OPTOKUHETHYEC-
KYIO arperaiuio).

Bopnnast ¢a3a B Iu1aBIeHOM ChIpE TaKKe MPETePIIeBacT
Morudukanuio. [ mapomm30BaHHEIN KOJUTareH MPOSBISIET
BBIPOXCHHYIO THAPOPUIHLHOCTH OIarogapst BEICOKOMY
COJIEpIKaHUIO ITOISIPHBIX AaMUHOKHUCIIOT (HarpruMep THAPO-
KCHUIPOJIMH). DTO MPUBOJIUT K CBSA3BIBAHUIO CBOOOHOM
BOJIbI M PABHOMEPHOMY paclipe/ieieHuo Biard. [lentuapt
TUJIPOIU30BaHHOTO KoJuiareHa (rpynnsl -OH ruapok-
cunposira 1 -COOH riyTaMuHOBOM KHCIOTHI) HOpMH-
PYIOT THIpaTHBIE 000JIOYKH BOKPYT CBOMX THAPOQUIH-
HBIX TPYIII, 9TO CHIDKAET aKTUBHOCTH BOJBI H YMEHB-
[IaeT MOABIKHOCTH BOIHOW (has3wl. ['mapaTupoBaHHEBIC
nentuasl 'K nHTErpHpyroTcs B Ka3eMHOBYIO ceTh, (op-
MHUpPYsl OMOIIOJIMMEPHBIE KOMIUIEKCHI, KOTOPhIE PaBHO-
MEPHO pacIpeeNIaoT BOLY B OSIKOBOI MaTpHIe U ClI0c00-
CTBYIOT ee nuMMoOunn3anuu. Ha MukpodoTtorpadusix
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Pucynok 3. OneHka oHOpOTHOW OEJIKOBOM MaTpHIEI B 00pa3nax IJIaBIEHOTO ITaCTOO0Pa3HOTO ChIpa:
a — 0e3 HamoJMHUTENEH (KOHTPOJIb); 6 — C KOJIJIareHOM (OTIBIT)

Figure 3. Homogeneous protein matrix: a — control; b — experimental sample with collagen
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3TO MPOSABISIETCS KaK YMEHBIIEHHUE MaKpOIOp U OTCYT-
CTBUE 30H JIOKAJIbHOM AeruapaTaluu.

OnHMM U3 KITIOYEBBIX TAPAMETPOB, BIMAIOIINX HA MOT-
peOuTeNnbCKUe XapaKTepPUCTHUKH TUIABJICHBIX CHIPOB, SBIISI-
I0TCS PEOJIOTHIECKUE CBOWCTBA: BA3KOCTb, aATE3Hs, YIIPY-
rocTh U Ipo4yHOCTh. Brimtouenue I'K B penenTypy numeBbIx
CHCTEM OTpakaeTcsd Ha WX THAPATAIMOHHBIX CBOHCTBAX
U MOXKET OKa3bIBaTh 3HAUUTENIbHOE BIMSIHUE HA PEOJIOTH-
YeCKOE MOBEICHNE KOHEYHOTO ITPOIYKTa.

OO0pa3zer ¢ KoJIareHoM B 3HAUUTENILHO OoJIbLIei! cTe-
IIeHU 00J1afjaeT BA3KOCTHBIMHU W aJAT€3HMOHHBIMU CBOM-
CTBaMH 110 CPaBHEHHIO C KOHTPOJILHBIM 00pa3lioM, 4TO
BU3YaJBbHO BRIpaXKaeTcs B OOJbIIECH CTENIEHN HAUITAHHS
Ha UHJCHTOP.

Ha pucynke 4 npezacrasieHs! rpaduku, oToOpaxa-
IOLIME BEJIMYUHY CONPOTHBICHHUS JIedopMaluu (Hanpsi-
JKEHHUE CIIBHTa), KOTOPOE OKa3bIBACT IJIABICHBIA CBIP
orpy>kxaeMoMy B Hero uHeHTopy. Hanpspkenue capura
CHavaa MUHUMAJIBHO, 3aTE€M YBEIIMUMBACTCS C TITyOHMHOH,
JIOCTUraeT MaKCUMYyMa, a Iocie HabIro1aeTcsl TeHACHIIUS

K cTabmnmm3anuu. Takoe MOBeNeHNE TUIIMYHO IS IUIa-
CTUYHBIX MaTepHaJIOB: CHadasa 1e()OPMUPYIOTCS YIPYTO,
3aTeM — ITACTHYECKH.

OO6paser cblpa ¢ KOJUTAreHOM B 3HAYHUTENIBHO 0OJIb-
IIeH CTEeNeHN 00JIalacT BSI3KOCTHBIMHU U a/IT'€3NOHHBIMH
CBOWCTBaMH IO CPAaBHEHHUIO C KOHTPOJIBHBIM 00pa3IoM.
AHanu3 naHHBIX (puc. 4a) HATISIHO TTOATBEPKIACT yBe-
JIMYEHUE BSI3KOCTH B ONBITHOM 00pa3Iie ChIpa MO CpaBHe-
HUIO C KOHTPOJIbHBIM, BKIt0UeHHe 'K B penentypy cbipa
YBEJINYUBALT CONIPOTHUBIICHHE JeopManuy. 3aBUCUMOCTb
HANpPsDKEHUS CIBHUTA OT TUIyOMHBI IMOTPY>KEHUS MMEET
HEJTMHENHBIN XapakTep, 4YTO COOTBETCTBYET HEHBIOTO-
HOBCKOMY TIOBE/ICHHIO.

Ha KPUBBLIX OTYETIMBO BUAHO OTCYTCTBUE ITUKOB IIPEC-
JleJ1a IPOYHOCTH KaKk B MOMEHT Hadajia 3KCIIEpHIMEHTa
(COnPUKOCHOBEHHUS MOBEPXHOCTH ChIpa ¢ MHIACHTOPOM),
TaK ¥ Ha MPOTSHKEHUHU BCETO X0/1a 3KCIIEPUMEHTA TIPH I10T-
PYKEHHH TPSMOTO TOPU30HTAIBHOTO HHIEHTOpPa B 00-
pasibl IIaBJICHOTO ChIpa Ha ITyOuHy 10 50 MM CO CKOpo-
cteio 10 mm/c. Hapacranue HanpsiKeHHs CABUTA IO
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Pucynoxk 4. PeorpamMmsl II1aBIeHOT0 TacTOOOPAa3HOTO ChIpa: a — 3aBUCUMOCTD HAIPSDKEHHS CIBUTA
OT IIyOHMHEI MOTPYXKCHHUS HHACHTOPA; b — pasnndus Mexay odpasnaMu

Figure 4. Rheograms of cheese spread samples: a — effect of indenter immersion on shear stress; b — differences across samples
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JIOCTATOYHO TUTABHO, PE3KOTO MAJACHUS IOCIIe MPEeBhIIIe-
HUS TIpejelia MPOYHOCTH B 00pasnax He HaOII0aloch.
B xoHTpOIbHOM 00pa3iie IIaBIEHOT0 ChIpa HaNPsHKEHNE
caBWTa TUTaBHO pociio 1o ~ 1234,00 I1a, 3atem cTabu-
TU3HPOBANOCH. OTCYTCTBUE SIBHO BHIPaKCHHBIX ITHKOB
yKa3bIBaeT Ha IJIACTHYHOE MOBE/ICHHE.

B ompiTHOM 00pasne MakCHMallbHOE HaNPSKCHHE
casura focturano ~ 1833,00 Ila, poct conpoTuBieHUs
nedopmalu 0oJiee BhIPaXKeH, 0TMEUANIACh BBICOKAS aJIre-
3Ws: HaJMIaHue Ha uHAeHTop. Ha rimybune 50 MM cpenHee
HaTpsDKCHUE CIIBUTA JJIST KOHTPOJIBHOTO 00pasia cocTa-
Bwio 1234,31 + 152,88 Ila, a ayist onbiTHOTO — 1832,60 £
186,69 I1a. ConportusineHue AehopMalyu s 00pasia
crIpa ¢ kosutareHoM coctaBmio 1832,60 I1a, uto Ha 48 %
BhIIe KoHTpoist (1234,31 Ila).

CorpoTuBIIEHUE MOTPYKEHHUIO HHCHTOpA B HCCIIeTye-
MBI€ 00pa3Ilbl 0 Mepe MPOABIKEHUS MEHSIIOCH B 3aBH-
CHUMOCTH OT CTEIIEHH CTPYKTYpOOOpa3oBaHUs B CHIPAX.
Ananus CKOPOCTHU UBMECHCHUS HAIPSI)KCHUA CABUTA ITOKa-
3aJl, 9TO B KOHTPOJIBHOM 00pasie CpenHssi CKOPOCTh H3-
MEHCHHS HAIIPSDKEHUS cABHTa cocTaBmia ~ 24,50 [Ta/mm
(paBHOMEpHOE HapacTaHWe HANPSDKEHUsSI CABUTA), MUHH-
ManbHas ckopocTs 0,49 [1a/MM (J10KaIpHOE pa3ynpoyHe-
HHE), B OTILITHOM 00pasIie CpeIHss CKOPOCTh H3MEHEHUS
HarpsbkeHus cisura ~ 34,30 ITa/MM, oTMeHaroTCs JTIOKajb-
Hble anoManuu (65,17 ITa/Mm Ha Tiayoune 15-20 mm),
CBSI3aHHBIC C YCUJICHHEM CTPYKTypHpoBaHUA. Takum
oOpasom, BiusiHue ['K BBIpa3smiioch B BO3pacTaHUM CPE/I-
HEH CKOPOCTHU UBMECHCHUA HAIIPSAXKCHUA CABUTA, BAZKOCTDH
B OIBITHOM 00pasne Bo3pocia Ha 40 % 1o cpaBHEHHUIO
C KOHTPOJIEM.

PucyHoxk 4b no3BosisieT KOJIMYECTBEHHO OLEHUTD Pa3-
UYWL — MaKCUMaJIbHas pa3HUIA B HAIPSHKEHUH CIBHTA
Ha uHJeHTOope cocTasiseT ~ 588,00 I1a, cpennsis pasHuna
Mex 1y oopasiamu ~ 392,00 Ila.

[Ipu cobmrogeHNN yCIIOBHI 3HAYMMOCTD OTIIHIUN
CPEIHHX JIBYX TPYMIl (KOHTPOIb, OIBIT) MOKHO OIICHUTH
o t-kputeputo Cteronenta. HopmansHOCTE pacnpeaene-
HUA TOATBEPKICHA C HCTIONB30BaHneM Kputepus Lllammpo-
VYunka. OqHaKo, MOCKONBKY IO KpuTepuro JIeBeHa paBeH-
CTBO AUCIIEPCHUii He MOATBepAnIock (p < 0,05) u ycnosus
Juts t-kputepust CThIOJICHTa HEe COOIIOICHBI, TSl CDAaBHEHHS
TPYIII IPUMEHEH ¢-KpuTtepuid Yam4a. [TomydeHo 3HaYeHHE
p =10,024. Tak kak p < 0,05, HyneBas runores3a o paBeH-
CTBE CpeJHUX OoTBepraercs, pazHurna B 392,00 ITa mexay
o0pa3maMu He cirydaifHa U CTaTUCTHYCCKH 3HAUNMa.

C 1eipio Kpocc-BalMIalUU PacyeTOB P HapyIIIe-
HUU YCJIOBUA TOMOCKETACTUIHOCTH JOIMOJITHUTEIIBHO IIPO-
BEZICH TUCTIepcHOHHEIN aHamm3 (ANOVA) ¢ mompaBkoii
VYoarga 11 OLlEHKH 3HAYMMOCTH PA3InIUi U BHYTPUTPYII-
MOBOM BapualOeIbHOCTH MEXKIY KOHTPOJIBHBIM U OIBIT-
HBIM obOpasmamu (mo Tecty llamupo-Yuika pacmpene-
JICHUS. HOPMAJIbHBI, 110 KpuTepuio JIeBeHa nucriepcuun
HepaBHBI). KoHTpoIpHBINA 00Opa3el: cpenHee HampspKe-
Hue casura — 1234,31 Ila, ctanmapTHOE OTKIIOHEHHE —
152,88 ITa. OnbITHBIA 00pasel: cpeaHee HalpsHKeHHe
casura 1832,60 Ia, crangaptHoe oTkiaoHeHue 186,69 I1a.
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PesymnpTatel mokasamm, uro F-cratuctuka paBHa 43,21,
p-value < 0,001, uro yxa3pIBaeT Ha CTATHCTHYECKU 3HAYH-
Mble pasnuyus Mexy rpynmnamu. Koadduuent Bapuarmm
JUTS KOHTPOJIBHOTO 00pasma coctaBui 12,3 % (152,88 Ia),
Jutst orteITHOTO — 10,2 % (186,69 I1a), uro yka3pBaeT Ha 60-
Jiee BBICOKYIO IMCIIEPCHIO B TPYIIIE ¢ KoJTlareHoM. Mex-
rpymmoBas BapuabdensHocTh — 598,29 Ia (48 % ot cpexn-
HETO 3HaYeHHsI KOHTpOJIbHOTO 0Opasna). 1 mapamerpu-
YECKUH TECT M0 /~KPUTEPHI0 YaIrda, U 0HO(AKTOPHBIN
anamm3 (ANOVA) moaTBepuiid CTaTUCTHYECKYIO 3HAUHN-
MOCTb PA3JIMYMH B PEOJIOTHUECKUX CBOWCTBAX 00Pa3IIOB.

Brecenne ruiposin30BaHHOIO KOJUlareHa B CMeCh
JUTA TUTABJICHUSA YBEJIMYNIIO BA3KOCTD ChIpa, HO MPAKTUYCCKN
He 00eCTIeYnII0 MPOYHOCTHBIX CBOHCTB — XapaKTEPHBIX
IIMKOB Mpeielia MPOYHOCTH B SKCIEPUMEHTAILHOM 00pasie
He Habmoaanock. KoitareH KOHKYpHUpYeT ¢ Ka3eHHOM
3a Ca?"-cBsi3m, uTO CHIKACT () (HeKTHBHOCTH 0Opa30BaHU
KOBAJICHTHBIX CIINBOK, BMECTO 3TOT0 (POPMHUPYIOTCS BOJIO-
POJIHBIE CBSI3U C THAPO(GOOHBIMH YYACTKAMH KOJIIATCHA, YTO
OOBSICHSIET BSI3KOCTHOE, @ HE YIIPYTO€ TIOBEICHNE CHCTEMBI.
MoXHO cienath BBIBOJ, YTO BS3KHE CBOMCTBA IIPE00IaaloT
HaJl yIPYTHMH, CBIP OCTAETCSl INTACTUYHBIM, YTO XOPOILIO
JUTSI TACTOOOPA3HBIX MPOLYKTOB. XOTsI MIJIACTHYHOCTb
COXpPaHSETCsI, BI3KOCTh YBEITMINBAETCS, YTO CIOCOOCTBYET
YIIyUILICHUIO yAepKaHus popMbl pu HarpeBe (SBISETCS
MTOJIOKUTETBHBIM 3 (PEKTOM IS TOPSUUX OJIFO]] C CHIPOM).

OTMeueHO HEHBIOTOHOBCKOE IMOBENEeHHE 00pa3IoB:
HalpspKeHHE CIIBUTA PACTET HEMMHEHHO C MIyOUHOU Horpy-
’KEHUsI HHAEHTopa. Peonornyeckoe noseaeHue oopasion
iaBneHoro ceipa ¢ I'K xoporo ommceiBaet mozgens CHCKo,
KOTOpasi ITO3BOJISIET 0XaPaKTEePH30BaTh HEJIMHEWHOE ITOBE-
JICHUE MaTepHaJIoB, KOTia IPH HU3KUX CKOPOCTSIX Aedop-
Maly IOMAHHAPYET BA3KOCTb, @ TPH BEICOKHX — YTIIPYTOCT.

[TpearnonoxnTenbHO, B OCHOBE BBISBIEHHBIX 3aKOHO-
MEpPHOCTEH JIe)KaT ClieyIolIHe OCHOBHbIE MEXaHU3MBbI:

— THApaTanus MEeNTUA0B KOJUIareHa — POCT BSI3KOCTH
3a CYET CBSI3BIBAHUS BOJIBI;

— ajicopOIHs Ha )KUPOBBIX TJI00yJIaX — YCHJICHHE a/Ir€3UH;
— OTCYTCTBHE KOBAJICHTHBIX CIINBOK — COXPaHEHUE HU3-
KOU IPOYHOCTH.

I'mapon30BaHHbIH KOJUIAreH B3aMMOJICHCTBYET ¢ Oel-
KOBO-JIMIIUAHON MaTpulleH 1u1aBieHoro ceipa. [lonspusie
rpyms! (-COOH, -NH,) rmunmna v anannaa popMApYrOT
THJpaTHBIE 000JIOYKH BOKPYT IENTHAOB KOJJIareHa, yBe-
JUYUBasi OONIYI0 TUAPATAIMOHHYIO €MKOCTh MMHIIECBOM
CHCTEMBI, YTO IPUBOANT K CHIPKCHHUIO MOJBHXHOCTH CBO-
60/1HOI BOJIBI B CBIPHOM Macce U POCTY BSI3KOCTH B OIIBIT-
HOM o0pa3tie cbipa. [IponuH HapylaeT yrnops0ueHHOCTb
Ka3eMHOBBIX MUIIEIII, CJIEOBATEIBHO YBEIMIUBACT IIIIO-
1asb KOHTaKTa MEeXy OeJKOBBIMU (a3zaMu M BOIOH,
yCuIIHBas BSI3KOyIpyrue cBoiicTBa. KosareHoBble mern-
TUABI, Oarogaps HAINYIHIO THAPO(UIBHBIX YJaCTKOB,
aIcopONPYIOTCS HAa TOBEPXHOCTH JKUPOBBIX TTI00YII, hop-
MHPYs MeX(Da3HbIE CIION. DTO yCUIIMBAET aAr€3UI0 MEXIY
JKHPOBOW M BOJHOI (pazaMu (BU3yaTbHO MPOSBIISETCS
B HAIMIIAHUM Macchl Ha MHJEHTOop). KotareH KoHKypH-
PYET C Ka3eMHOM 32 yYaCTKH T'HApATali, YTO BHI3bIBAET
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YaCTUYHYIO IECTAOMITH3AINIO OCIKOBOH CeTH. DTO 00BsIC-
HSIET OTCYTCTBHE POCTa MIPOYHOCTH, HECMOTPSI Ha yBEIH-
YeHne BS3KOCTH. CXeMaTHIHO MOJENb B3aMMOICHCTBHS
MOJKHO MPEICTABHUTH Kak: KazenH-Ca’'-Kka3erH + KoJutareH
— Ka3emH-KoJutareH (Bogopoausie cBs3m) + Ca?" (cnabeie
HMOHHBIC CBsI3M). Takue CBsI3U MEHee YCTOWIHBEI K Teop-
MAIIiH, YeM KaIIbIIMHA-0MI0CpEJOBAaHHEIC CITUBKY Ka3eHHa,
OHHM CHIDKAIOT IPEJIeN IPOYHOCTH.

YBenudeHne BSI3KOCTH OMBITHOTO o0Opa3ia CBI3aHO
¢ ¢hopMHUpPOBAHUEM IICEBJOCETKH 3a CYCT BOJOPOTHBIX
CBSI3€M MEXy KOJUITAr€HOM U Ka3€MHOM U C TIOBBIILIEHUEM
IUIOTHOCTH >KUPOBOU (pas3bl U3-3a aacopOIMK KoJUTareHa
Ha rmo0ynax. Kiraccudeckuit mpees mpoYHOCTH B ChIpax
BO3HHKAET MPH Pa3pYIICHUHN KOBAJICHTHBIX CIINBOK B O€lI-
KOBOU ceTke. B Hamem ciyyae koJjutareH He oOpa3syeT
TaKUX CBSI3€H, UTO PETUCTPUPYETCS KaK IMIABHBIA POCT
HaIpsHKEHUs] CIBUTA U OTCYTCTBUE BIMSHUS HA TIpeles
MMPOYHOCTH. OTCyTCTBI/Ie IMUKOB MIpeaejia MpoOYHOCTHU CBU-
JICTETICTBYET O TOM, YTO KOJUIATSH B CHIPHOM Macce He Gop-
MHUPYET KECTKYIO OCIKOBYIO MaTPHIly. DTO KPUTHIHO
JUISl TaCTOOOPA3HBIX CBHIPOB, IJ€ TUIACTUYHOCTD — KIIIO-
4yeBOU mapamerp.

I'mnponu3oBaHHBIN KOJIJIareH peKOMEHI0BaH K McC-
TI0JIb30BAHMIO B COCTABE IJIABJICHBIX CHIPOB, TPEOYIOMNX
BBICOKOH aATe3WH U IUTACTHYHOCTH (HAIIpHUMEp HacTo-
00pas3HbIe CHIPHI, CHIPHI sl cOycoB). Mcnoas3oBanmne
I'K He pekOMEHI0BaHO B ChIpax, II¢ BaKHa BbICOKAs
CTPYKTYpHas MPOYHOCTH (HAIlpUMeEpP JIOMTEBEIE CHIPHL,
KosOacHbI cbIp). [lomydeHHBIe pe3ynbTaThl OTKPHIBAIOT
MIEPCIICKTUBHI IS JaTbHEHIIEH ONTUMHI3AINN TEKCTYPBI
TUTaBIICHBIX TACTOOOPA3HBIX CHIPOB.

BriBoabI

Bxarouenue 3,1 % rugponmzoBannaoro kouiarena (I'K)
B PEIENTYypPYy CIIOCOOCTBYET YIYUIICHHIO CTPYKTYPHO-
MEXaHUYECKUX CBOMCTB IIABIICHBIX MMACTOOOPA3HBIX CHI-
poB. Jlo6asnenue ['K B cocTaB miaBieHOro cblpa MpuBo-
JIUT K YIUIOTHEHHIO OEITKOBOM MaTPHUIIBI M CTAOMITH3aIlIH
JKUPOBOM AMYJIBCHH 32 CUET MOJIMMEPHO-KOJUIOMIHBIX
B3aMMOJICHCTBHIA MEXIy KOJIJIar€HOBBIMU NENTHIAMHU
U Ka3enHOM, YTO MPOSIBISIETCS] B YMEHBIICHUH pa3Mepa
KHMPOBBIX T100y11 Ha 44 %, OTCYTCTBUM NX KOAJIECIIEHINH
W KJIacTepu3anuy, cCHkeHnu Ha 20 % nopucTocTy 0enoBoii
MaTpHILBI U TOBBIILIEHUH OAHOPOAHOCTH pacIpeaeieH s
BoaHOM (a3bl. Beenenue I'K B peuentypy npuBogut
K YBEJIMUYEHHUIO aJre3uH U BA3KOCTH IUIABICHOIO ChIpa
Ha 40 %. D10 yKka3biBaeT Ha OPMHUPOBAHHE IICEBIOCETKH,
HO He 00ecreYnBaeT MPOYHOCTHBIX CBOMCTB, YTO CBSA3aHO
C OTCYTCTBUEM KOBAJIEHTHBIX CIIMBOK. Bs3kue cBoiicTBa
npeo0aatoT Hall yIpyruMH, 6Jaroapsi 4eMy ChIp coxpa-
HSIET IUTACTHYHOCTD, KOTOPAsI SBJISIETCSI TIOJIOKHUTENILHBIM
Ka4eCTBOM JIsl TACTOOOPA3HBIX MPOAYKTOB.

I'maposin30BaHHBIN KOJUIAreH AEHCTBYET KAK MHOIO-
(YHKIMOHATBHBIN MOAN(DHUKATOP CTPYKTYPHI IUIABICHOTO
macTooOpa3Horo crIpa, obecrednBas popMupoBaHUE THO-
PUOHOM Ka3eMH-KOJIJIar€HOBOM MaTpHULIbI C TOBBILIEHHON
MPOYHOCTBHIO MONIEPEYHBIX CBSI3EH, KOIIOMJHYTO CTa0MITH-
3aIHIO )KUPOBOH 3MYJIbCHH Yepe3 MEXaHU3MBI JlepsaruHa-
Jlannay-®epses-OBepOexa, a TakKe depe3 KOHTPOIb aKTUB-
HOCTH BOJIbI 32 CYET I'MIpATalliH eNTUIOB. DTH H3MEHEHHS
KOPPEJUPYIOT C yIy4IIeHHEM MUKPOCTPYKTYPHBIX U Peo-
JIOTHYECKUX XapaKTEPUCTUK TUIABJICHOTO ChIpa, YTO IO
TBEPXKJIACTCS TaHHBIMH MUKPOCKOIIMH, CTATHCTHYECKUM
AHAIM30M U M3yYEHHEM TEOPETHYECKUX MEXaHH3MOB
CTaOMIIM3aLH IMYITBCHH.

'K pexoMeHI0BaH K UCTIOJIB30BAHUIO B COCTABE I1JIaB-
JICHBIX CBIPOB, TPEOYIOIINX BHICOKOW aJIre3UH U TIaCTHY-
HOCTH (11acTO0Opa3HbIE CHIPBI, CHIPBI ISt cOycoB). J1ist chI-
POB, B KOTOPBIX Ba)KHA BBICOKAsI CTPYKTYpHasi POYHOCTh
(JToMTEBBIE CHIPBI, KOJIOACHBII CBIP), UCIIOIb30BAHUE THIPO-
JIM30BAHHOTO KOJIJIareHa He peKOMEHIYeTCs.

Kputepuu aBTOpcTBa

Bce aBTOpbl BHECTH paBHBIN BKJIaJ B UCCIEIOBAaHUE
1 HECYT PaBHYIO OTBETCTBCHHOCTD 3a HH(POPMAIIHIO, OITY-
OJIMKOBAHHYIO B JAHHOMW CTaThe.

KoH(paukT uaTepecon

ABTOPHI 3asBISAIOT 00 OTCYTCTBUH HMOTEHIIUATBHBIX
KOH(JIMKTOB WHTEPECOB B OTHOIIEHUHN HCCIICTOBAHUS,
aBTOPCTBA M / WIH MyOJIMKAIINH JAHHOW CTaThU.
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