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AHHOTAL A

CTpPYKTYpHO-MeXaHUUYEeCKMEe CBOVICTBA CTYLIEHHBIX MOJIOYHBIX KOHCEPBOB, B T.U. BSI3KOCTb, 3aBUCSAT OT MHOTMX
(hakTOpoB (BMAA M COCTABA VICXOOHOIO MOJIOUHOTO ChIPbSI, TEXHOJIOTMUECKUX TPUEMOB 06pabOTKM, YCIOBMI
U CPOKOB XpaHEHMs U I1p.) U Yepe3 OpraHoyeNTuIeckye XapakTepUCTUKY ONpeesisioT TOTPe6uTeNbCKIe CBO-
CTBA MPOJYKTOB.

B craTbe npencraBieHbl pe3yabTaThl UCCIeOBAHNS BAVISIHMS PEXXVMOB TEIUIOBO 06paboTKY 06e3KMPEeHHOT0 MOJIO-
Ka Mepef, CrylieHeM Ha BSI3KOCTb TOTOBOTO IPOAYKTa. M3yuanu cBeskeBbIpabOTaHHbIE U ITOCIe XPaHeHVSI 00pasIIbl
CTYIIEHHOTO 06€3KMPEHHOT0 MOJIOKA C CaXapoM, [IJIsl BIPaGOTKM KOTOPbIX MCIIOb30Ba/IM JTab0paTOpHOE 060py/I0-
BaHIe, TIO3BOJISIIONIEe BOCITPOM3BOAUTD OCHOBHbIE TEXHOJIOTMYECKIE OTI€PALIVY TIOTyYeHNSI CTYIIEHHBIX MOIOUYHBIX
KOHCEPBOB ¢ caxapoM. VicciemoBaHo ceMb 06pasiioB CryLIeHHOTO 00€35KMPEHHOT0 MOJIOKA C CaXapoM, TTOTyYeHHbIX
IIPY TPeX TeMIlepaTypax rnacrepusanum obessxupeHHoro momnoxa 75 °C, 85 °C u 95 °C ¢ Beigepskkoii 15 ¢, 10 u 30 MuH.
B o6pasiiax onpenessivi IMHAMUUECKYIO BI3KOCTb, aKTUBHYIO ¥ TUTPYEMYIO KMCIOTHOCTD. [IoKa3aHo, UTO B CBEXe-
BbIPAGOTAHHBIX MMPOAYKTaX TeMiieparypa 75 °C ¢ akcrosutmeit ot 15 ¢ 7o 30 MUH He PUBeNa K OLIyTMMOMY YBeJIU-
YEHMIO BSI3KOCTM 06pasiioB. TerioBoit pexkum 95 °C ¢ akcrosuiimeit 15 ¢ SBUICS PUUMHON YBEeTMYEeHMST BI3KOCTU
1o 1,9 TTa-c. TerioBoit pexkxum 85 °C B TeueHne 30 MUH MIPUBE K ellle GOJIbIIIEMY YBEIMUEHMIO BI3KOCTU — JI0 2,5
[Ta-c. BeIiBUHYTO MpearosnoxkeHue o GopMMUPOBAHNIO B3aMMOCBSI3€l «TeMIlepaTypa macTepu3aium — BSI3KOCTb».
TIpoBesieH aHaIU3 Pe3y/IbTaToB M3MeHeHVs 3G PEeKTUBHOI JUHAMWYECKOI BI3KOCTY B 3aBMCUMOCTM OT TPaAMeHTa
CIBUTa B YKa3aHHBIX 00pasljaX, MOABEPTIINXCSI XPAaHEHUIO TIPU SKCTPEMATILHOM TEMITEPATYPHOM pexkume. [Tomy-
YeHHbIe 3aKOHOMEPHOCTM MaTeMaTuJyecKy 06paboTaHbl U MPEACTaBAeHbl B BUE MPOCTPAHCTBEHHBIX AMarpamMmm
u hopmyit. JlaHbl pekoMeH1anuy Haubosiee MpyeMIeMbIX PeXXMMOB TeIJIOBOI 06paboTKM 06e3KMPeHHOTr0 MOJIOKa,
B HaMMeHbIIIeli CTeTIeHY BIVSIIONIEel Ha yBeIueHne BI3KOCTU IIPOIYKTA TP XpaHeHWU M.
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ABSTRACT

Structural and mechanical properties of condensed milk preserves, including viscosity, depend on many factors
(the type and composition of the raw dairy raw materials, processing techniques, conditions and shelf life, etc.)
and through the organoleptic characteristics determine the consumer properties of the products.

The article presents the study results of the influence of the heat treatment modes of fat-free milk before thick-
ening on the viscosity of the finished product. Were studied freshly processed and after storage samples of con-
densed fat-free milk with sugar, for the development of which was used laboratory equipment, which allows re-
producing the main technological operations for obtaining condensed milk preserves with sugar. Seven samples
of condensed fat-free milk with sugar were obtained at three temperatures of pasteurization 75 °C, 85 C and 95 °C
with a holding time of 15 s, 10 and 30 min. Were determined dynamic viscosity, active and titratable acidity in
the samples. It is shown that in freshly processed products the temperature of 75 °C with the exposure from 15 s
to 30 min did not lead to a significant increase in the viscosity of the samples. The thermal regime of 95 °C with
an exposure of 15 s caused the viscosity to increase up to 1.9 Pa-s. The thermal regime of 85 °C for 30 min led to
an even greater increase in viscosity, up to 2.5 Pa-s. An assumption was made on the formation of interrelations
“pasteurization temperature — viscosity”. The analysis of the results of the change in the effective dynamic vis-
cosity as a function of the shear gradient in the specified samples subjected to storage under extreme temperature
conditions were carried out. The obtained regularities are mathematically processed and presented in the form of
spatial diagrams and formulas. Recommendations are given for the most appropriate modes of heat treatment of
fat-free milk, which least influences the viscosity increase of the product during storage.
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BBepmeHnue

OmHMM U3 BaKHENIIUX IMOKa3aTeleil KauecTBa CrylleHHbIX
MOJIOYHBIX KOHCEPBOB C CaxapoM SIBJIIeTCS BSI3KOCTb. OHa, B TOM
Yyucie, mpefonpenesseT MoTPpeOUTeNbCKYIO IEHHOCTb MPOIYKTa,
CIIoCO6BI M ammapaTypPHO-TEXHONIOTUYECKYIO CXeMY €r0 MpOu3-
BOZICTBA. Pe3koe n3MeHeHMe (KaK IIPaBUJIO, TIOBbIIIIEHNE) BSI3KO-
CTU 06e3XKMPEHHOTO CTYIIeHHOTO MOJIOKa C caxapoM BO BpeMs
XpaHeHWs SIBJISIETCSI OCHOBHOV IIPUUMHOM IIPeTeH3UIA, [IPebsiB-
JITEMBIX ITepepabaThIBAIOIIVMY TPEANPUSITUSIMMU, & TAKKE CHeP-
KMBaHMS peany3aluy POAyKTa HaceneHuio [1,2,3,4].

Vi3BecTHO, YTO BelIMYMHA BSI3KOCTU CrYIIEHHBIX MOJIOYHBIX
KOHCEePBOB C CaxapoM 3aBUCUT OT MHOIMX (aKTOPOB, B TOM YM-
CJle MMHepaJabHOTO coctaBa M pH MosioKa-chipbsi, Ce30Ha roja,
PEXMMOB ¥ CPOKOB XpaHEHMSI TOTOBOTO MTPOAYKTA, PEKMMOB Te-
IIOBO¥ 06pabOTKY ChIPbsI HA MPOU3BOACTBE U Ap. [5,6,7]. IIpn
9TOM, eC/M GONBUIMHCTBO (HaKTOPOB MMEIOT CYyObeKTUBHBINM Xa-
pakTep, TO mapaMeTpbl TEIJIOBOI 06paboTKM AOCTATOUHO 06b-
eKTVUBHBI U TIPEMIOIaraloT BO3MOKXHOCTb Pa3pabOTKM Pe3yiib-
TaT-OpMeHTMPOBAaHHBIX BapMaHTOB mpotecca [8,9,10,11,12].

COOTBETCTBEHHO I1eJIbI0 HACTOSIIIE! PABOTBHI SIBJSIIOCH MCCTIe-
JIOBaHMe BIMSIHUS PEXMMOB TEIUIOBOI 06paboTKM 06e3KMpeH-
HOT'O MOJIOKA TIepe]], CTyIeH/eM Ha BSI3KOCTb TOTOBOTO MPOIYKTa.

Marepuasibl U METOABI

O6BEKTOM MCCIeIOBAHMIT CIYXKUIIO CTYLHIEHHOE 00e3XKM-
PEHHOe MOJIOKO C CaXapoM, IJisi BBIPAGOTKY KOTOPOTO VCIIONb-
30Bajioch JabopaTopHoe o6opymoBaHue MpousBomacTBa HITO
«Mup-IIpogmaii»: TpybyaTasi racTepusalyiOHHO-O0X/IaJUTeNlb-
Hasl YCTaHOBKA, IMPOM3BOAUTEIBHOCTbIO 45 Kr/uac, mabopaTop-
HbIi BBITIAPHOJ ammapar MMPOoM3BOAUTEIbHOCThIO 5 Kr/4yac mc-
MMapeHHO! Bjaru, BaKyymMupyemasi eMKOCTb C OXJIaKHAlomiei
pybalkoii ¥ MeIankoil pabounm 06beMOM 4 JI, UCTIONb3yeMast
U151 OXJIaXKJeHUSI TOTOBOT'O MPOYKTa U KpucTauiusanun. Cbipb-
eM SIBJISZIOCh 06e3KMPeHHOoe MOJIOKO KMCIOTHOCThI0 19-20 °T,
¢ maccoBoii goseii skupa 0,05 %.

B mporiecce 1a60paTOPHBIX BHIPAGOTOK TEMITEPATypa Mmacre-
pusainuu Haxogwiach B mpenenax (75-95)°C ¢ ornpepneneHHOI
BpPEMEHHOI1 BbiiepskKoit (15 ¢, 10 u 30 MuH). Bpems crymeHus
coctaBisuio 45-50 MuH, TemriepaTypa — (50-55) °C. Oxmaskmanu
TOTOBBII IPOAYKT A0 Temmepatypsl 20 °C B TeueHue 30-35 MuH
Y BBIIEPKUBAJIY B OX/IaJUTEIbHOI BaHHeE [0 1 U. 3aTpaBKy JIaKTO-
3bI BHOCU/IM TIpU TeMIiepaTtype (31%2) °C. OxnakgeHHbI TPOAYKT
YIaKOBBIBAIM B MeTa/uTMyeckye 6aHKy N2 7 1 XpaHUIA B TEPMO-
craTe B TeueHue 10 nHeii npu Temneparype (40+2) °C, mociie yero
Ompezensiiy BI3KOCTb U Jpyrye KauecTBeHHble TT0Ka3aTeln.

[lns oripeneneHust M3MeHEHUs] KaueCTBEHHBIX XapaKTepu-
CTUK 00pasI[oB 06e3KMPEHHOTO CTYIIIEHHOTO MOJIOKA C CaXapoM
TocJie XpaHeHUsl MX aHAJIM3UPOBAJIN T10 CIeAYIOIINM MToKasaTe-
JISIM: MaCCcoBasi OIS CyXMX BelllecTB, KUCJIOTHOCTb, pH, AMHamMu-
yecKas BSI3KOCTb, OPraHOJeNTHYeCcKe ToKas3aTeau 1o obiie-
TIPUHSITHIM METOLMKaM.

Pe3ynbraTsl ¥ 00CY)XKAEeHNE

Huke mipeicTaB/ieHbl 3SHAUEHMST TOKa3aTesieit 06pasiioB BbIpa-
60TaHHOTO 06e35KMPEHHOTO CTYIIEHHOTO MOJIOKA C CaXapoMm, Ha-
XOZSIIIECS] B JOMYCTUMBIX JeHCTBYIOUIMM CTaHIAPTOM IIpeIesiax.

MaccoBast 10JIs1 CyXMX BEIeCTB, % 70,5+0,5
MaccoBas 07181 Cyx1X BelllecTB caxapa, % 44,6 £0,6
Kucnoruocts, °T 50,0+2,0
pH 6,16 £0,05
IJI0THOCTB, T/CM3 1,34+ 0,03

KauecTBeHHbIE TIOKa3aTeIM 06PasoOB 06€3KUPEHHOIO CIy-
IIIeHHOTO MOJIOKA C CaXapoM, BhIPAGOTaHHbBIX NP Pa3IUUHBIX
pekuMax TerIoBoii 06paboTKM ChIPbS TI€PE[ CTYIeHneM, TIpu-
BemeHsl B Tabi. 1.
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AHanu3 IpuBeIeHHbIX JAHHbIX TIOKA3aJl, UTO 06e3K1peHHoe
CTyIIIeHHOE MOJIOKO C caxapoM 006JafiaeT MOBBIIIEHHO BSI3KO-
CTBIO B TOM CJIy4yae, KOTAa TeIIOBOe BO3LelCTBME Ha ChbIpbe, TO
ecTb cymMa (aKTOpOB (TeMIIEpPATYpa, BpeMsl) IIPEBBIIIAET OTIpe-
JleJIeHHbIVi YPOBEHb.

Tabmmia 1
JuHaMuKa nmokasareJeii
00€e3>XKMPEHHOTO0 CTYIIEHHOT0 MOJIOKA C cCaXapoM

Pe>xxum

Jo xpaHenuss  Ilocne xpaHeHus

 macrepusamm n-

°C t pu et MLy oor B3 e
1 75 15¢ 613 5,1 07 612 525 10 03 14
2 75 10mmm 612 515 08 610 551 1,1 03 14
3 75 30Mum 620 516 09 615 550 135 04 14
4 8  15¢ 614 480 15 612 490 30 15 2,0
5 8 10mum 611 520 1,6 608 530 37 21 23
6 8 30mum 608 500 2,5 603 57,5 62 37 25
7 95  15¢ 615 500 1,9 611 522 41 22 22

Temrepatypa 75 °C ¢ skcrio3unmeii ot 15 ¢ 7o 30 MuH He
TpMBeJa K OIIYyTMMOMY YBEeJIMUEHUIO BSI3KOCTM 06pa3ioB. Te-
IUI0BOI peskumM 95 °C ¢ srcros3uumeit 15 ¢ SBuiIcS mpuunHOi
yBenuueHus Bsiskoctu o 1,9 Ila-c. TerwoBoit pexkum 85 °C
B TeueHMe 30 MMH MIPUBEI K ellle 60IbIlIeMY YBeTUUeHUIO BSI3-
KocTu — 1o 2,5 ITa-c. 9TO BO3MOXKHO OOBSICHUTD ITPOIleCCaMu
IeHaTypaluu 6eaKa mpy TeIoBoi 06paboTke, MHTEHCUDUITN-
pyloIeicst OT IIUTeNIbHOCTM BO3/eiicTBUs. IIpoiiecc 06ycioB-
JIeH yBeJlMueHreM BOZOCBSI3bIBAIOIIEl BO3MOKHOCTHM 6esika 3a
CUeT 3a/1e/ICTBOBAHMS JOTIOTHUTETbHBIX TUAPO(MUIBHBIX IPYII-
MMMPOBOK.

XpaHeHMe 06pa3IoB B TepMocTaTe mpu Temieparype 40 °C
B TeueHMe 10 CYyTOK MPMBEJO K YBeTMUYEHMIO BSI3KOCTU BO BCEX
o6pasiax. OJHaKo pe3Kkoe yBelnueHe BI3KOCTY HabIoaI0Cch
B Tex 006pa3iax, B KOTOPBIX MPUMEHSIICSI YCUIIEHHBIN TeIIo-
BOIl pexkuMm racrepusauyuu. Tak Mpu BO3IECTBUM HA ChIpbe
TeIJIOBOTO peXXuma ¢ Temrepatypoit 85 °C B TeueHue 30 MUH
TIPMBEJIO K YBEJIMUEHUIO BSI3KOCTM 06pasi[OB TMOCIe XpaHeHUs
Ha 3,7 Tla-c; mpu pexkume 85°C B TeueHue 10 MMUH BSI3KOCTb
yBenuumiach B 2,1 pasa; pexkxumsl 95 °C B Teuenue 15 ¢ u 85°C
B TeueHMe 15 ¢ IBUIUCh MPUYMHOI YBEIMYEHUS BI3KOCTY B 2,2
u 2,0 pasza COOTBeTCTBEHHO. TeIJI0BO peskuM C TeMIepaTypoit
75°C B Teuenue 15 ¢, 10 muH 1 30 MMUH CII0COO6CTBOBAJ JUILb
HEe3HAUNUTEIbHOMY YBEJIMUYEHUIO BSI3KOCTM 06pasIioB IOCIEe
XpaHeHUs.

Ananus nsmeHeHus 3GPEKTUBHON NMHAMUUECKON BSI3KO-
¢t (n, ITa-c) 06pasioB B 3aBUCMMOCTU OT I'pajiMeHTa CIBUTA
(D,, ') nmokasan, 4To 06pasibl 06€3KUPEHHOTO CTYIeHHOTOo
MOJIOKA C CaxapoM [0 XpaHeHMs o6yiafanu He3HAUUTeNbHOI
CTPYKTYPHOJ BSI3KOCTHIO, 32 MCKJIIOUEHMEM 06pasiia ¢ pexu-
moMm mactepusauuu 75°C ¢ srcnosuimeit 10 MuH 1 obpasiia
¢ peskumoM mnactepusauyu 95 °C ¢ akcrosuumeii 15 c. OueBu-
HO, B JAHHBIX CJIydasix 06pa3oBaHMe CTPYKTYPhI B CBEXKEBBIPA-
60TaHHOM TIPOAYKTE C/Ie[yeT CBSI3bIBATh C KAUECTBOM ChIPHSI,
a He ¢ pexuMaMy TeIIoBoi 06paboTKu. B kauecTBe rpumepa,
Ha Puc.1 npencraBiieHbl JaHHBIE 110 GOPMUPOBAHUIO BI3KOCTU
B IIPOAYKTE C peskuMoM nactepusannu 85 °C mocie OKOHYaHUS
TeXHOJIOTMYECKOTO MPOoLiecca 1 Mocjie XpaHeHUSICOOTBETCTBEH-
HO. CeMeliCTBO KPUBBIX — BpeMs BbIAEPXKKM OT 1 MuH A0 30
MUH (UeM CBeT/iee JMHUS — TeM GOJIbIile TTPOJO/IKUTENbHOCTh
rnpotrecca).

[TosryyeHbl 3aKOHOMEPHOCTH TIOC/IE TEXHOIOTMYECKOTO IIPO-
1iecca 1 rnocie Xxpanenus (¢popmysna 1 1 2 COOTBETCTBEHHO).
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n, Nac

3.0
25

2.0-N

0.5

5.4 27, 48.6

B

Puc. 1. BI3KOCTh IMPOIYKTa B 3aBUCUMOCTY OT IrpajiieHTa casura (rmacrepusaims 85 °C):
A — mocsie 3aBeplleHus] TeEXHOIOTUM, B — mocie xpaHeHust

F,(x,t, T) = 1+ 0.09Vt +0.0005 ¢* + 0.06 VT + 0.002 T -
~0.0001T +0.7Vx — 0.07x + 0.0002 tx + 0.0001 Tx +

+0.0002x* - 0.2logt - 0.6logx, 1)
Fy(x,t, T) = ~8.7 - 0.9Vt - 0.01¢ + 0.004£* — 0.4\T +
+0.02T+0.0027% + 1.6Vx + 0.2x — 0.0004 tx — 0.004 Tx +
+0.0008x* + 0.5logt - 1.21ogx, 2)

rge t — Bpemsi, MuH; T — Temrneparypa, °C.

AHanmM3 KpUBBIX, XapaKTEPU3YIOLIMX MTOKasaTe 06pas3ioB
J10 XpaHeHUs], OTpakaeT pa3pylleHre CTPYKTYPbI IPOAYKTa B 3a-
BUCMMOCTY OT rpajiueHTa caura. Kpusble, MUTIOCTpUpPYIOLIE
3aBMUCUMOCTDb CTPYKTYPBI OT TpaiieHTa CABUTa B 06pasiiax roTo-
BOTO MPOJYKTA IOC/Ie XpaHeHUsI, OTpaXkaloT 3HAUMTe/IbHOe Ha-
pacTaHue CTPYKTYPHOIi BI3KOCTM BO BpeMs XpaHeHusl. B o6pas-
nax (Puc. 1 A) u (Puc. 1 B) HaG0omaeTcs He TOJIbKO MHTEHCUBHOE
o6pa3oBaHNe CTPYKTYPHOIT BI3KOCTh, HO U ee paspyIleHue Mof,

Introduction

One of the most important quality indicator of condensed
milk preserves with sugar is the viscosity. It, among other things,
predetermines the consumer value of the product, the methods
and the hardware-technological scheme of its production.
A sharp change (usually an increase) in the viscosity of fat-free
condensed milk with sugar during storage is the main reason
for the claims, made by processing enterprises, as well as the
containment of product sales to the population [1,2,3,4].

It is known, that the viscosity of condensed milk preserves
with sugar depends on many factors, including the mineral
composition and pH of dairy raw materials, the season of the
year, the regimes and terms of storage of the finished product,
the modes of heat treatment of raw materials in production, etc.
[5,6, 7]. If this is the case, if most of the factors are subjective,
then the heat treatment parameters are fairly objective and
suggest the possibility of developing result-oriented process
variants [8,9,10,11,12].

Accordingly, the purpose of this work was to investigate
the effect of heat treatment regimes for fat-free milk before
thickening on the viscosity of the finished product.

Materials and Methods

The object of the research was condensed skimmed milk
with sugar, for the production of which the “Mir-Prodmash”
laboratory equipment was used: a tubular pasteurization and
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BO37eliCTBYEM IrPaieHTa COBUTa N0 3HAaUeHMI TOPsiKa [IePBO-
HAYa/IbHBIX (IO XpaHEHUS).

BpiBOIbI
VccnenoBaHus BAMSHMSI Pa3/IMUYHBIX PEKMMOB TEIJIOBOI 00-
paboTKM 06e3KMPEHHOTO MOJIOKA TIEPe], CIyIleHEeM Ha U3MeHe-
HMe KaueCTBEHHBIX IoKa3aTeseli TOTOBOTrO MPOJIYKTa IOKasas:
1. PeskuMbl macrepusanyu rnpu temmeparype 85 °C B TeueHue
30 u 10 MUH CITOCOGCTBYIOT 3aryCTeBaHMIO 06€3KMPEHHOTO
CTYIIEHHOTO MOJIOKa C CaXapoM MpU XpaHeHUU U TTI03TOMY He
MOTYT GBITh PEKOMEHIOBAHBI JJIST TPOU3BOJICTBA.

2. Pesxumbl mactepusaiuu npu temmepatypax 95°C u 85°C
B Teuenme 15 ¢ v mpu 75 °C ¢ srcriosunussvu 15 ¢, 10 muH,
30 MMH B HaMMeHbIIIei CTereH! CII0COGCTBYIOT YBETMUEHIIO
BSI3KOCTU IIPOIYKTA IIPU XPaHEHUMN.

3. Anpuopu TemnepatypHbie pexkumbl 85°C u 95°C ¢ 3KcIo-

3uiyeit 15 ¢ K Tomy ke Haubosee GarOMPUSITHBI /IS MHA-
KTUBAIMM (epMEHTOB ¥ MOTYT ObITh PEKOMEHIOBAHbI IS
ITPOMBIIIJIEHHOTO TTPOU3BO/ICTBA MTPOIYKTOB.

cooling unit with a capacity of 45 kg/h, a laboratory evapora-
tor with a capacity of 5 kg/h of evaporated moisture, a vacuum
tank with a cooling jacket and agitator with a working volume
of 41, used to cool the finished product and crystallize. The raw
material was fat-free milk acidity 19-20 °T, with a mass frac-
tion of fat 0.05 %.

In the process of laboratory workings, the pasteurization
temperature was in the range (75-95) °C with a certain exposure
time (15 s, 10 and 30 min). The time of condensation was 45-
50 min, the temperature — (50-55) °C. The finished product was
cooled to a temperature of 20 °C for 30—35 minutes and kept in a
cooling bath for up to 1 hour. A lactose seed was added at a tem-
perature of (31 £ 2) °C. The cooled product was packed in metal
jars N2 7 and stored in a thermostat for 10 days at a temperature
of (40 % 2) °C, after which viscosity and other qualitative indices
were determined.

To determine the change in the quality characteristics of
samples of fat-free condensed milk with sugar after storage,
they were analyzed for the following parameters: mass fraction
of solids, acidity, pH, dynamic viscosity, organoleptic parameters
by conventional methods.

Results and Discussion

Below are presented the values of the indicators of the
produced fat-free condensed milk with sugar, which are within
the limits of the current standard.
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Mass fraction of solids, % 70.5+0.5
Mass fraction of sugar solids, % 44.6 0.6
Acidity, °T 50.0%£2.0
pH 6.16 £ 0.05
Density, g/cm® 1.34£0.03

Qualitative parameters of fat-free condensed milk with sugar
samples, worked out at various modes of heat treatment of raw
materials before thickening, are given in Table. 1.

Analysis of the presented data showed, that fat-free
condensed milk with sugar has an increased viscosity in the case,
when the thermal effect on the raw materials, that is, the sum of
the factors (temperature, time) exceeds a certain level.

Table 1
Dynamics of Indicators of Fat-Free
Condensed Milk with Sugar
Pastitll:;i;:tion Before Storage After Storage R
Ne Ho o
°C t pH o pl;l-’s pH o Pl.;z-,s Pa-s 1
1 75 15s 6.13 51.1 0.7 6.12 525 10 03 1.4
2 175 10 min 6.12 51.5 08 6.10 53.1 1.1 0.3 1.4
3 75 30min 620 516 09 615 550 13 04 1.4
4 85 15s 6.14 480 1.5 6.12 49.0 3.0 1.5 2.0
5 85 10 min 6.11 52.0 1.6 6.08 530 3.7 2.1 2.3
6 85 30min 6.08 50.0 2.5 6.03 575 6.2 3.7 2.5
7 95 15s 6.15 50.0 19 6.11 522 4.1 2.2 2.2

The temperature of 75 °C with an exposure of 15 s to 30 min
did not lead to a noticeable increase in the viscosity of the
samples. The thermal regime of 95 °C with an exposure of 15 s
caused the viscosity to increase to 1.9 Pa-s. The thermal regime
of 85°C for 30 min led to an even greater increase in viscosity,
up to 2.5 Pa-s. It can be explained by the processes of protein
denaturation during heat treatment, which is intensified by
the duration of the exposure. The process is due to an increase
in the water-binding capacity of the protein due to the use of
additional hydrophilic moieties.

Storage of samples in a thermostat at a temperature of
40°C for 10 days led to an increase in viscosity in all samples.
However, a sharp increase in viscosity was observed in those
samples in which the enhanced thermal pasteurization mode
was applied. So, when the thermal regime was applied to the
raw material at a temperature of 85°C for 30 minutes, the

D, c™!

27.

486
A

100
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viscosity of the samples after storage increased by 3.7 Pa-s; at
a temperature of 85°C for 10 minutes the viscosity increased
2.1 times; modes of 95°C for 15 s and 85°C for 15 s caused
an increase in viscosity of 2.2 and 2.0 times, respectively. The
thermal mode with a temperature of 75 °C for 15 s, 10 min and
30 min contributed only to a slight increase in the viscosity of
the samples after storage.

Analysis of the change in the effective dynamic viscosity (n,
Pa-s) of the samples as a function of the gradient of shear (Dr,
s1) showed, that samples of fat-free condensed milk with sugar
before storage had insignificant structural viscosity, with the
exception of a sample with 75 °C pasteurization mode with an
exposure of 10 min and a sample with a pasteurization mode
of 95°C with an exposure of 15 s. Obviously, in these cases,
the formation of the structure in a freshly developed product
should be attributed to the quality of the raw materials, and
not to the heat treatment regimes. As an example, in Fig. 1 data
are presented on the formation of viscosity in a product with
a pasteurization regime of 85°C after the end of the process
and after storage, respectively. The family of curves is a holding
time of 1 min to 30 min (the lighter the line, the longer the
process is).

Regularities were obtained after the technological process
and after storage (formulas 1 and 2, respectively).

F,(x,t, T) = 1+0.09Vt +0.0005¢* + 0.06 VT + 0.002 T -
~0.00017% + 0.7Vx - 0.07x + 0.0002 tx + 0.0001 Tx +

+0.0002x* - 0.2logt - 0.6logx, (1)
F(x,t, T) = ~8.7 - 0.9Vt - 0.01¢ + 0.004£* —~ 0.4\T +

+0.02 T+ 0.002T% + 1.6Vx + 0.2x — 0.0004 tx — 0.004 Tx +
+0.0008x* + 0.5logt - 1.21ogx, 2)

where t — time, min; T — temperature, °C.

Analysis of the characterizing parameters of the samples
before storage structure reflects the destruction of the product,
depending onshearrate. The curves,illustrating the dependence
of the structure on the gradient of shear in the samples of the
finished product after storage reflect a significant increase in
structural viscosity during storage. In the samples (Fig. 1A) and
(Fig. 1B), not only intensive formation of structural viscosity
is observed, but also its destruction under the influence of a
gradient of shear to values of the order of the original (before
storage).

Conclucion

Studies of the effect of various modes of heat treatment of
fat-free milk before thickening on the change in the quality
indicators of the finished product showed:

n, Nac

3.0
25

2.0-N

0.5

5.4 27, 48.6

B

Fig. 1. Viscosity of the Product in Dependence on the Gradient of Shear (Pasteurization 85 °C):
A — After the Completion of the Technology, B — After Storage
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Modes of pasteurization at a temperature of 85 °C for 30 and
10 minutes promote the thickening of fat-free condensed
milk with sugar during storage and therefore can not be rec-
ommended for production.

Modes of pasteurization at temperatures of 95°C and 85 °C
for 15 s and at 75 °C with exposures of 15 s, 10 min, 30 min in

FOOD SYSTEM | Volume1lNol | 2018

the least extent contribute to an increase in the viscosity of
the product during storage.

A priori temperature modes of 85°C and 95°C with an ex-
posure of 15 s are also most favorable for inactivation of en-
zymes and can be recommended for industrial production of
products.
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