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BIVUSITHUE JKXUPOBOM ®A3BbI

HA TEXHOJIOTNYECKHU 3HAUYMNMDBIE ITOKA3ATEJ/IN
MOPOJXXEHOTIO INTOMBUP BE3 OMVJIBI'ATOPOB

[llo6anosa T.B., TBoporosa A.A.*

Bcepoccuiickmnii HQay4HO-UCCIeN0BaTeNbCKUI MHCTUTYT XOJIOAUIBbHOV TPOMBIIIJIEHHOCTU —
bunman degepasbHOTO HAYUHOTO IEHTPA MUIIEBBIX cucTeM M. B.M. Top6aTtoBa PAH, MockBa, Poccust

K/ITIOYEBBIE CJIOBA:
MOPOXHEHOE NAOMOUP, HUPOBASL
asa, a¢ppexmusHas 8s3kocmo,
ducnepcHoOCmb CMpPYKIMYpHbIX
271EMEHIM08, HYK1eayus.

3ajava 1CCIeI0BaHMs COCTOSIA B OTIPeIeIeHMM TEXHOIOTMUECKOM (QYHKIMOHATBHOCTHM YaCTHI MOJIOUHOTO XKMpa
B UaCTHM BIMSHMS HA HYKJIealyio B MOPOKEHOM IJIOMOMP C MAacCOBOJ J0/el i MOJIOUHOTO kupa (M.K.[.) He MeHee
15%. Pabora mpoBoguiach C 1e/bl0 060CHOBAHMS BO3MOXHOCTY IPOMU3BOJICTBA MOPOKEHOrO 6e3 3IMy/IbraTo-
POB — KOMITOHEHTOB, BIMSIIOIIMX Ha JeCTaOMIM3aLMIO JKMPOBOIi ¥ CTaGMIM3aLMIO BO3AYLIHOI (a3. B pesynbraTe
UCC/IeIOBAaHN YCTAHOBJIEHO, UTO MOJIOUHBII KMP IIPY €T0 cofepkaHunu He MeHee 15 % B MOPOKEHOM, KaK CTPYK-
TYPHBbII 3/IEMEHT CUCTEMbI, OKa3bIBaeT MTOJIOKUTEIbHOE BiMsiHMe Ha 9 )eKTUBHYIO BI3KOCTh, ONITUMAa/IbHOE 3Ha-
yeHye KOTOPOit HeoOGX0OMMO ISl CTaOMIBHOTO PacIpe/ielieHMsl CTPYKTYPHBIX 3JIEMEHTOB B MOpOXkeHOM. Kpome
TOTO, YaCTUIIBI MOJIOYHOTO KMpa B IUIOMOMPE, BCIEACTBUE UX HAIUUMS B OOJbIIEM KOJIMYECTBE, UEM B IPYTUX
Pa3HOBUAHOCTSIX MOPOYKEHOTO 13-3a HEITPOYHOI 6eTKOBO-JTUITMAHOM 060I0UKM MOABEPralOTCS YaCTUUHOMY Je-
9MYJIbIMPOBAHMUIO U, CJIEOBATEIbHO, YYACTBYIOT B CTAGMIM3ALMM BO3AYLUIHOM (da3sbl, a TAKKe CIIOCOGCTBYeT 3a-
pompIieo6pa3oBaHMI0 KPUCTAJIIOB JIbAa (HYK/Iealun), 4To 06ecrieunBaeT MX BHICOKYIO JUCIIEPCHOCTD. B KauecTBe
CTabUIM3aTOPOB CTPYKTYPhI UCIIOIb30BaHbl MPOAYKTHI (G13Myeckoil MogubuKauuu, MPOUHO YIepsKUBAKoLIVe
BOJY B CTPYKTYpE, B TOM YMCJIE U [TOC/IE TeMIIepaTyPHbIX Kome6anuiit. [IpakTyeckoe 3HaYeHMe MCCIeN0BaHMsT Ha-
LY TIPU Pa3paboTKe TEXHOIOTUM MOPOKEHOTO TUIOMOUP 6€3 3MY/IbraTOPOB — MPOAYKTE 6e3 MUIIEBbIX J0OaBOK
MJIM C OTPAaHUYEHHBIM UX TPUMEHEeHUEM.
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1. BBegeHue

ABSTRACT

The determination of the technological functionality of milk fat particles in terms of their effect on the nucleation
in ice cream plombir with a mass fraction of milk fat of at least 15 % was the aim of the study. This work was car-
ried out to justify the possibility of producing ice cream without emulsifiers — components that stabilize the air
phase. It has been established that milk fat, with content of at least 15 % in the ice cream, as a structural element
of the system, positively influences the effective viscosity, which optimal value is necessary for the distribution of
structural elements in ice cream. Besides the particles of milk fat in plombir are partially demulsified and there-
fore are involved in the stabilization of the air phase because of their presence in a higher quantity if to compare
with other types of ice cream due to its fragile protein-lipid shell. It promotes also the nucleation of ice crystals,
thus ensuring their high dispersity. As stabilizers of the structure the products of physical modification are used,
which firmly hold water in the structure, including after temperature fluctuations. The practical importance of
the research was found in the development of ice cream plombir technology without the use of emulsifiers — a
product without food additives or with a limited use of them.

OcHoBHas poJib CTaﬁMJ'[I/ISaTOpOB B IIpOM3BOACTBE MO-

B mowiegHue roapl B Halllel CTpaHe BO3POOMIICS MHTepeC
K MOTPe6IEHNI0 MOPOKEHOTO IJIOMOUP C JOMOMHUTETbHBIMMU
TpeGOBaHMUSIMU — UCKIIOUEHNEe WM OTpaHMYeHyue B COCTaBe
MPOAYKTA YMC/Ia MUIIEBBIX 0OaBOK. B MOpOskeHOM 00s13aTeNb-
HBIMM TMUIIEBBIMU N06aBKAMU SIBJISIIOTCSI SMY/IbTaTOPbl U CTa-
6umnm3saTopskl. biaromapst X COBMECTHOMY MPUMEHEHUIO CTAJIO
BO3MOKHBIM MCIIO/Ib30BaHME COBPEMEHHOTO O06OpPYIOBAHMS,
B YaCTHOCTHU, JTUHUI 3KCTPY3MOHHOTO TUIIA, IPU UCIIOIb30Ba-
HUM KOTOPBIX (POPMOYCTONUMBOCTDL TOPIMIT MIPU TEMIIEPATY-
pe muHyc 4-5°C B OTCYTCTBUM YIIAKOBKYU ITPEIOIPENeIsIeTCs
YIIpaBJIsieMbIM ITPOLIECCOM JI€3IMYIbIMPOBAHMS KMPOBOH (Dasbl.
OTmeyeHHOe siBJieHVe OOYCJIOBIEHO (PYHKIIMOHAIbHOM POJIbIO
SMY/IbraTopos [1].
IOJ11 UTUTUPOBAHUM: 1llo6anoBa T.B., TBoporoBa A.A. BiusiHue XupoBoit
(a3l HA TEXHOJIOTMYECKM 3HAUMMBIE IMOKA3ATEIM MOPOXKEHOro IIoMoup 6e3

9MybraTopoB. ITuujesvie cucmemst. 2018, 1(1):4-11.DOI: DOI:10.21323/2618—
9771-2018-2-1-4-11

POXKEHOTO — BIMSIHME Ha BSI3KOCTh CMecu. Bce M3BeCTHbIE
B TMPOM3BOJCTBE MOPOKEHOTO CTaOMIM3aTOPbl CTPYKTYDBI
(32 MCKIIOUEHMEM >KeIaTHHA) SIBASIOTCS MUIIEBbIMU 106aB-
Kamu. Mcmonb30BaHue CTaGWIN3aTOPOB B MPOU3BOICTBE MO-
POYKEHOTO MPY OTCYTCTBUM SMY/IbIaTOPOB MIPUBOIUT K CHIUKE-
HUIO JUCIIePCHOCTM BO3AYIIHOM a3kl M cOKpalieHNI0 CPOKOB
TOMHOCTHM, UYTO HEXeJaTeIbHO C yYEeTOM Ce30HHOrO CIpoca
U TpU HAIMUUK GOJbIINX 06HEMOB MPOAYKINUM B TOPrOBOii
cetu [2,3,4]. B paborax [4,5] 060cHOBaHa BO3MOXHOCTb MC-
MOTb30BaHMSI B KauecTBe CTAGMIM3aTOPOB MX DPA3HOBMUIHO-
CTeit, TOMYYeHHbIX MeTomamu (u3nyeckoit MomubUKalnu.
Takue CTaGUIM3ATOPHI, BCAEACTBUE COXPAHSIONIENCS TMpU
TEMIIEPATyPHbIX KONEeGAaHMSIX BBICOKON TUAPODUIHHOCTH,

FOR CITATION: Shobanova T.V., Tvorogova A.A. Influence of fat phase on tech-
nologically important indicators of ice-cream plombir without emulsifiers. Food
systems. 2018, 1(1):4-11. DOI:10.21323/2618-9771-2018-2-1-4-11
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TIPEMSATCTBYIOT CHMKEHUIO AVCIEPCHOCTY KPUCTAUIOB Jiba
B IIpoIecce XpaHeHUsI.

B Hacrosiee Bpemsi B Poccuu MpoOM3BOACTBO IIOMOMpa
cocraBiniseT 6osee 50% oT 06IIero o6bemMa MPOM3BOACTBA MO-
POKEHOTO. YUUTHIBAsI 3TO, aKTYAJIbHBIM SIBJISIETCSI TTPOBEIEHME
MCCTIeMOBaHMIA C 11eJTbI0 HAYYHOTO 060CHOBAHMS U YCOBEpIIIEeH-
CTBOBAHUS TEXHOJIOTMM TaHHOTO MPOIYKTA.

2. Marepuaabl U ME€TOAbI

O6BeKTaMy UCCIIeNOBAHMUS SIBIISUTUCD:

cMech JJ1s1 MOPOKeHOTo TVIOMOGMpP € MacCOBOI joieit skupa

(M.m.x) 15% c numessiM BomokHOM (TIB) «SenseFi» B Ka-

yecTBe CTabMIM3aTopa, HETOMOTeHM3VPOBAaHHAS U TOMO-

reHM3MpOBaHHAs (HaBjieHMe romoreHusauuu 1lct/2ct —

11/5 MIla);

MOpOKeHOe TIUIOMOMp ¥ CMecChb IJisl e€ro IIPOM3BOLCTBA

¢ M.JJK. 15% c kpaxmanamu (usmyeckoit MopguduKanum

(KOM) B KauecTBe cTabuamn3aTopa;

MOpDOKeHOe IUIOMOMp M CMech [JIs1 €ro MpPOU3BOACTBA

¢ M.I.3K. 15% c 3¢dbeKTUBHBIM CTa6MIN3aTOPOM-IMYIbIaTO-

pPOM, B COCTaB KOTOPOI'O BXOJST MOHO- Y AUIINLIEPUIbI KUD-

Hbix kucnot (E 471), kamenuryaposasi (E 412) u poxkkoBOro

nepesa (E 410), u kappareHad (E 407);

1B «SenseFi» — HaTypanpHOE MUIEBOE BOJIOKHO HAa OCHOBE

IIPOAYKTOB ITepepabOoTKY LIe/TI0N03bl, MOAM(GUIVPOBAHHBIX

6e3 MCIIOTb30BAHNS XMMUUYECKIX PEareHToB;

kpaxmasibl cepum «Novation» kommanuu «Ingredion Holding

LLC» (TepmaHMs) mony4YeHHbIE U3 KOPHE MAaHUOKY X MOIM-

bunpoBaHHbIE € TOMOIIHIO TEPMOMEXAHNYECKNUX PESKVIMOB

00pabOTKN.

VccnenoBaHus MpOBOOMINCH B JlaGopaTopusix Bcepoccuit-
CKOTO HAy4YHO-MCC/IeA0BaTeIbCKOTO MHCTUTYTA XOIOAUIbHOM
MIPOMBIIINIEHHOCTU — bunan PelepasbHOr0 HAYYHOTO IIEHTPa
MUILEBBIX cucTeM M. B.M. Top6aToBa PAH.

OrmnpepeneHue BSI3KOCTM CMecCell OCYILeCTBISUIM MeTOAOM
pPOTALIMOHHOM BUCKO3MMeTpuM Ha BucKo3umeTpe BrookField
DV2+Pro (CHIIA) c¢ mporpamMMmHbIM obGecriedeHueM Rheocalc
V31-1. Pe3ynbTaThl OMy4Yaau C TOUHOCTHIO HE MeHee +/- 1% oT
MCIIOIb3YeMOr0 Mana3oHa X BOCIIPOM3BOAMMOCTBIO He MeHee
0,2%.

V3yueHue COCTOSIHMSI BO3LYIIHOM (hasbl, KPUCTAIOB JIbIA
M JIaKTO3bl OCYILECTB/ISUIOCh MUKPOCTPYKTYPHBIM METOAOM Ha
mukpockorne CX41RF (SImoHus) ¢ mporpaMMHBIM yIIpaB/IeHU-
eM. OnpeJensyiv pa3Mepbl BO3AYIIHbIX ITy3bIPbKOB, KPUCTAITIOB
JIb/IA ¥ JIAKTO3bI M PACCUMTHIBAIM UX CPEHME pa3Mepbl. [1s ro-
BBIILIEHMSI TOYHOCTY ¥ JOCTOBEPHOCTY M3MePEeHMI AJIST KK 0TOo
o6pasiia moimydanayu u o6pabateiBasiu 70 10 cCHUMKOB. ITomydeH-
Hble Pe3yJIbTAaThl SKCIIEPUMEHTOB 06PabaThIBAIU C TIOMOIIBIO
nporpaMmmsbl ImageScope.

TomoreHu3anusi CMeCH OCYIIECTB/ISIach Ha J1abopaTOPHOM
JIBYXCTyIleH4aTOM romorenmsarope APV — 2000 (Janus) npu
temmeparype 85 °C u maBineHun Ha 1 crynenu 7,0-14,0 MIla, Ha
BTOpOI¥i cTyrenu — 3,0-5,0 MITa.

3. Pe3yiabTaTsl ¥ O6CYKAEHUS

[lpy npoBefeHUM MUCCIeNOBaHUI MCXOOMIM U3 TOTO, UYTO
JCIIEPCHOCTD CTPYKTYPHBIX 37IEMEHTOB B MOPOXKEHOM IIPU Xpa-
HeHUM MpefonpeneseTcs UX UCXOOHBIM COCTOsSIHMEM. Pa3mep
KPUCTAJIJIOB JIbJA 3aBUCKT OT UMC/Ia IIEHTPOB 3apOAbIe06paso-
BaHMS (HyKkieauuy). JUCrepcHOCTb BO3AYIIHOI ¢a3bl B 3HAUK-
TeJIbHOV CTeIeHU OIpefessieTcs AONONTHUTEeNbHOM CcTabuamsa-
LMel armoMepupoBaHHOI sKMPOBOit (a3oii [6]. CeroBaTenbHO,
YIPaBAATbh JUCIEPCHOCTbIO CTPYKTYPHBIX 37IEMEHTOB B MOPO-
>KeHOM MOXXHO IIyTeM PperyauMpoBaHMsI IPOLECCOB HyKIealyuyu
Y CTaOUIM3aLMK BO3LYIIHO (asbl IPY ONTUMATBHON BSI3KOCTU
cpezpl.
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JKCIepUMEHTAIbHO JOKa3aHO, UTO B MOPOXXEHOM TIIOM-
6Mp perynMpoBaTh yKazaHHbIE MPOLIeCChl MOXKHO ITOCPENCTBOM
IUCIIEPCHOCTY XMPOBOJi ¢asbl. JKMpoBble YaCTULIBI pa3MepoM
MeHee 2 MKM MOTYT MHULIIMMPOBATDh HYKJIEAINIo C 06pa3oBaHM-
eM YacTHuIl 6ONbIINX pasMepoB. Kpome Toro, Mpy yBeIMueHUM
JIMCIIEPCHOCTY XKMPOBBIX YaCTUL], IIPM OTPaHMUEHHOI 110 TeXHO-
JIOTMYECKUM acIeKTaM MacCOBOJ Joje CyXOro 06e3kKMpeHHOTo
MosiouHoro ocratka (COMO) (McTouHMKe 6eKa — cTabunamnsa-
TOpa BO3YIIHO (a3bl) TOMIMHA 060JIOUKY Ha YaCTUIIaX OyIeT
cHmKkatbesl [7,8]. CriemoBaTe/lbHO, BEPOSITHOCTD JKelaTelbHO-
ro mpolecca AecTabuin3aluu U arJioMepUpoOBaHUST JKUPOBOIA
daser Ipyu yBeMUeHUY €e MacCOBOi TOMU ¥ MOBBILIEHUN TUC-
TePCHOCTY yBeINUMBAETCS. JKCIIEPYMEHTATIbHO YCTaHOBJIEHO,
YTO OTMeueHHbIN 3¢ deKT B HanbosblIe cTerieH! IPOSIBISIETCS
TIpM MaccoBO¥i ToJie skupa B MoposkeHoM 15 % u 6oiee [9].

B pe3ynbrare 3KcliepyMMeHTalIbHBIX UCC/IENOBAHUI YCTaHOB-
JIEHO BIMSIHME TpOoIecca roMOTeHU3aluy CMecH ISl MOpOKe-
HOTO IJIOMGMpP Ha OUCIEPCHOCTb KMPOBOI (hasbl U BSI3KOCTh
cMecH, IMUCIepPCHOCTh KPUCTA/UIOB Jbla M BO3LYLIHONM a3kl
B MOPOKEHOM IIPU XpaHEeHUM.

ST OLEHKY BIUSHUSI TOMOTeHu3anuyu Ha 3¢hdeKTUBHYIO
BSI3KOCTb CMECH ¥ AVCIIEPCHOCTD KMPOBbIX YaCTUII ObLIN TIPO-
BelleHbl MCCef0BaHKsl TOMOTeHU3MPOBAHHOM M HEroMOTeHM-
3MpOBaHHOIT cMeceii ¢ 1B (Ta6m. 1 u Puc. 1).

Ta6muua 1

BausiHue npoiecca romoreHusanyumu Ha 3¢pdeKTUBHYIO

BSI3KOCTB cMmeceii ¢ IIB

dddexTMBHAA BA3KOCTH CMeCH,
mlla-c,
Oo6pasery,
ITocie cospeBanmus

B TeueHue 18 u.
435+/-10

34+/-3

Mo cospeBaHus

495+/-10
49+/-3

1-— TOMOTIeHM3VpOBaHHAasI CMeCb

2 — cmech 6e3 roMoreHusaunmumn

Kaxk cnemyeT u3 maHHbix Tabs. 1, B pe3ysnbTaTe roMOTeHU3a-
IIMM BA3KOCTh CMECH YBEIMUMBAETCS TTOYTH B 10 pas, 4To BasKHO
IJIST CTAaBGUIIBHOTO pacIipeiesieHust CTPYKTYPHBIX 3JIEMEHTOB.

Cpenuuit gMaMeTp >XMPOBOTO IIapuKa IIOCTAEe TOMOTEHMU-
3alMM YMEHBIIMJICS B 3 pasa MepBOHAYAJTbHOTO M COCTaBUII
1,7 MKkM, B 06paslie 2, COOTBETCTBEHHO, 5,6 MKM. B Heromore-
HMU3MPOBAHHOM 06pasiie MPUCYTCTBYIOT KPYITHbIE U CTPYIIITAPO-
BaHHbIE B KJIACTEPHI KMpPoBbIe mapuku (Puc. 1).

Hanbonee mocToBepHOEe IpeACTaBIeHME O pacIipefeseHun
SKMPOBBIX YACTUIIL TI0 pa3MepaM AaeT rpaduueckass 06paboTka-
pesynbTaToB ucwienoBaunit (Puc. 2 u Puc. 3). Ha Puc. 2 npuse-
JIeHbl KpUBbIE pacIipefeneHus KUPOBBIX YaCTUIL 110 pa3sMepam
B 06pasiiax c roMoreHu3aluei u 6e3 roMoreHu3amun.

I'padpuueckass 06paboOTKa OCYIIECTBIISIACh TPU TTOMOIIM
nporpaMmmbl Microsoft Excel. IIpu mocTpoenuu rpaduueckoi
3aBMCUMOCTH MCIIOb30BaIOCh He MeHee 300 sKCIepUMeHTalb-
HO TMOJTYYEHHbIX 3HAUEHUI pa3MepOB JXUPOBBIX YACTMUII.

Kak BuaHO 13 maHHbIX Puc. 2, o6pasel] ¢ roMoreHusaimeit xa-
PaKTepPU3yeTCs] HAMOOMBIINM KOTMIECTBOM METKMX SKMPOBbIX Ya-
CTUIIL 10 2 MKM IO CpaBHEHMIO ¢ 06pa3iioM 6e3 roMOTreHU3alNNA.
[MMK CMHYCOMIbI TOMOTE€HM3MPOBAHHOTO 06pasiia MPUXOIUTCS Ha
3HaueHue 1,5 Mkm, oOpasiia 6e3 roMmoreHusalumu — Ha 5,5 MKM.

B roMoreHu3MpoBaHHOI CMeCH KOJIMYECTBO KMPOBBIX Ia-
PUKOB ¢ pa3mepom 1,5 MKM cocTaBuiio 45,5%, a B o6pasiie 6e3
romoreHusaiuu Bcero 2 % (Puc. 3).

C yuyeToM BJIMSHUSI MacCCOBOM [OIM >KMpa U €ro AUCIIePCHO-
CTY Ha COCTOSTHME KPYUCTAJUIOB JIbZA ¥ BO3IYLTHOI (a3bl B MOPO-
SKeHOM TUIOMOUD 5KCIEPUMEHTATbHO OINpeNeaeH0 ONTUMAab-
HOe JIaBjIeH/ e TOMOTeHU3auu cMech. IIpy 3TOM IPUHUMAIOCh
BO BHMMAaHMe COCTOSTHME JKMPOBOJ (asbl B CMECU: CpemHUit
JIVMaMeTp YacTUI He AOJKeH MPEeBbIMaTh 2 MKM, JOTYCKAIAChH
JIUIIIb eIMHUYHbIE arJioMepaThl yacTull (Taoim. 2).
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INitmeroe BonoKHO

Puc. 1. CocrostHue X1poBoit (asbl B MOposkeHOM Tutom6up ¢ I1B ¢ maccoBoii moseit skupa 15 %:
1 — c romorenusanueii; 2 — 6e3 roMoreHu3aLUn
_i\

;

g

g

g

w
=

& Craecn cMNB Gen romorennaaupm

BCrmeco ¢ NB £ romorenmaaugred

g
'____.—l—-'
—e—

OB eMHAs NONH HHPORKX YacTHI|, Y

A
100 n \ +*
50
[#* m
00
015 345 6 7,5 9 10,51213,51516,51815,52122,52425,527

PaiMep STpOELTX MACTHI, MAM
Puc. 2. PacnipeneneHye >XMPOBBIX YACTUI] TI0 pa3MepaM B CMeCSIX JIJIst MOpOykeHoro 15 % skupHocTty ¢ I1B

50,0
450
40,0
= 50
g 300
5250
E B Cmece cNB
E 200 HETOMOrEHNENEOBAHHAR
15,0 ECmece cNB
= FOMOrERHINDOERHHAA
10,0
50 -
0,0 - e -l—ll—rl—r.—rl—l—r.—r‘—r.—r'—v—r—l—l—l—l—r'—w

255

Puc. 3. PacripenesieHne >KMPOBbBIX YACTUIIL ITO pPa3MepaM B CMECSX /ISl MOPOXKEHOTO INIOMOMp ¢ MacCoBOi moJedt skmupa 15 %

6
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Puc. 4. PacripeenieHue KpUCTAJIOB JIbAA MO0 pa3MepaM B MOPOKEHOM IJIOMOUD:
a) C TPagUIMOHHBIM 3G GhEKTUBHBIM CTAOMIM3aTOPOM-IMY/IbTaTOPOM, 6) ¢ KpaxMajaom bu3uIecKoit MoauduKaImn

Tab6nuia 2
OnTuMaJibHOe JiaBJ/IeH/ e TOMOTreHM3aIuy cMecert
/I MOPOXKEHOTr0 IIOMOUP

MaccoBas monst JKMpa B cMecH, JlaB/ieHue roMOreHu3auuu
o,

% 1 ctryneHs/2 cryneHb, MIla
12 14,0/5,0
15 11,0/5,0
18 8,0/3,0
20 7,0/3,0

VCcTaHOB/IEHHBIE PEXUMBI FOMOTEHM3AIUU VCIIOTb30BaHbBI
IIpM BBIPAOOTKE MOPOKEHOTO TIOMOUDP 6e3 3MYIbraTopoB CO
crabuimsaTopamu (Kpaxmanamu) Gpusndeckoit MogubuUKann.
CocTOsIHME CTPYKTYPHBIX 3JIEMEHTOB OIIPeesyIoCh B YCIOBUSIX
HeCTalMOHApHOro XpaHeHus (c 1, 2 1 3 KoneGaHUSIMU) B PEXMU-
me munyc 18 °C, — munyc 12 °C, — munyc 18 °C (Puc. 4).

O CHMKEHUM OUCTIEPCHOCTM CTPYKTYPHBIX JIEMEHTOB CBU-
JeTeNIbCTBYET IepeMeleHye MMKa CMHYCOMIBI 110 ocy X BITPaBo.
[aHHbIe, TpUBeeHHbIe HAa PyC.4, CBUIETENBCTBYIOT O JIYULIEM
COXpaHEHMM JUCTIEPCHOCTM KPUCTAJUIOB JIbAA MPU KOIeOGaHUSIX
TeMIIepaTypbl B MOPOKEHOM TUIOMOMDP € KpaxMaaom ¢usmnde-
CKOJI MomMMKauMM 10 CPaBHEHMIO C ITOKA3aTeIsIMM Tpaau-
LIMOHHOTO MOPOXXeHOro. B wacTHocTH, make mocie 3-X Koine-
6aHMIT TEMIIEPATYPHl B MOPOKEHOM ILIOMOUD TPAAUIIVIOHHOM

1. Introduction

The interest in the consumption of ice cream with additional
requirements to eliminate or restrict the number of food addi-
tives in the product has been revived recently in our country.In
the ice cream, compulsory food additives in ice cream are emul-
sifiers and stabilizers. Thanks to their joint use, it was possible
to apply modern equipment, in particular extrusion-type lines,
in which the form stability of portions in the absence of packag-
ing at minus 4-5°C is predetermined by the controlled process
of demulsification of the fat phase. This is due to the functional
role of emulsifiers [1].

The main role of stabilizers in the production of ice cream is
their effect on the viscosity of the mixture. All well-known stabi-
lizers of the structure in the production of ice cream (with the ex-
ception of gelatin) are food additives. The use of stabilizers in ice
cream production in the absence of emulsifiers results in lower
dispersity of air phase and reduction of shelf life, which is unde-
sirable in view of seasonal demand and the availability of large
volumes of products in the retail network [2,3,4]. In the papers
[4,5] the possibility of using as stabilizers some of their varieties
obtained by the physical modification methods is substantiated.

M C KpaxmMajoM (usudeckoit MoaubUKaAUIUM MUK CUHYCOUIBI
MPUXOAUTCS Ha 3HaueHue 47-48 MKM, UTO MeHbIlle ITIOpora op-
TaHONENTUYeCKOM omyTUMocTy (50 MkM). OfHAKO M3MeHEeHUs
TIOKa3aTesist Mpu KomebaHusIX 6osiee BhIPAKEHBI B TPAAMIIVIOH-
HOM MoOpoxxeHOM [10,11].

AnanornyHasl TeHAEHLUMSI OTMeYeHa M IIPU UCCIeJOBaHUU
JIUCIIEPCHOCTY BO3IYLTHO (a3bl B yUIOBUSIX HECTAI[MOHAPHOTO
XpaHEeHMSI MOPOYKEHOTO TIJIOMOUP.

4. BbiBOabI

B pesysibrare ucciefoBaHMIT YCTAHOBJIEHO, YTO JXKMPOBas
(dasa B MOpOKEHOM C MacCOBOi1 mosneit skupa 15% u 6onee mipu
ee BBICOKOV JMCIIEPCHOCTY OKa3bIBAET MOJIOKUTEIbHOE BIUS-
Hue Ha 9 PeKTUBHYIO BI3KOCTb CMECH, CTIOCOOCTBYET NOTIOTHM-
TeJIbHOM HYK/Iealuy U CTabuIM3aium BO3AyIIHOI ¢dasbl. A 3TO
TIpY UCIIOJIb30BaHUM CTaGMIM3aTOPOB (u3nueckoit mMomudu-
KAl U TPU OTCYTCTBUM SMY/IbraTOPOB TMO3BOJISET MOMYYUTH
TIPOAYKT CO CTAGMIbHOI JMCIIEPCHOCThIO CTPYKTYPHBIX 3/I€MEH-
TOB B Ipoliecce xpaHeHust. MoposkeHoe TIOMOUp 6e3 MUIIEeBbIX
J06aBOK WJIM C OTPaHMUYEHHBIM UX NMPUMeHeHueM OyneT Moib-
30BaThCS TOBBIIIEHHBIM CIIPOCOM Y MOTpeOGUTeNelt, a Ipu ero
M3TOTOBJEHUM MOKHO Oy[IeT MCKIIOUMTb 0Os3aTeNbHbIN MpU
MCII0/Ib30BaHNUY SMY/ITaTOPOB IIPOIIECC CO3PEBAHMS CMECH, UTO
0COGEHHO BaXXKHO B IEPMOJ, MacCOBOTO CIIPOCa Ha MOpPOKEHOe.

Such stabilizers, due to the persistence of high hydrophilicity at
temperature fluctuations, prevent the decrease in the dispersity
of ice crystals during storage.

Currently in Russia, the production of plombir makes up
more than 50 % of the total production of ice cream.

2. Materials and methods
The subjects of research were:
Mixture for the ice cream plombir of mass fraction of fat
15 % with food fibers (FF) «SenseFi» as stabilizers, inhomog-
enized and homogenized (the homogenization pressure of
1 st/2st — 11/5 MPa;
Ice cream plombir and a mixture for its production of mass
fraction 15 % with the starch of physical modification as sta-
bilizer;
Ice cream plombir and a mixture for its production of mass frac-
tion of fat 15 % with the effective stabilizer-emulsifier which in-
cludes mono- and diglycerides of fatty acids (E471), guar gum
(E412) and locust tree (E410), and carrageenan (E407);
FF «SenseFi» — a natural food fiber based on cellulose process-
ing products modified without the use of chemical reagents;



MULLEBDIE CUCTEMbI | Tom1No 2 | 2018

[ Starches of «Novation» series of the company «Ingredion
Holding LLC» (Germany) obtained from the roots of cassava
and being modified with the help of thermomechanical pro-
cessing modes.

The research was carried out in the laboratories of the All-
Russian Scientific Research Institute of the Refrigeration Indus-
try — branch of V.M. Gorbatov Federal Research Center for Food
Systems, RAS.

The viscosity of the mixtures was determined by the method
of rotational viscosimetry (Viscosimeter Brookfield DV2+Pro
with the software control Rheocalc V3 1-1). The results were ob-
tained with an accuracy of at least +/- 1% of the used range and
a reproducibility of at least 0.2 %.

The microstructural method to research the state of the
air phase, ice crystals, lactose was used with the help of mi-
croscope CX41RF (Japan) with built in camera and software
control. Sizes of air bubbles, ice crystals and lactose and
mathematical calculation of their average sizes were deter-
mined. With the aim to increase the accuracy and reliability
of the measurements, up to 10 photos of each sample were
made and processed. The research results were processed by
the ImageScope program.

The homogenization of mixture was carried out on a labora-
tory two-stage homogenizer APV-2000 (Denmark) at a tempera-
ture of 85°C and a pressure of 1-st stage 7.0-14.0 MPa, of the
2-nd stage — 3.0-5.0 MPa.

3. Results and discussion

Carrying out the research it was assumed that the dispersity
of structural elements in ice cream during storage is predeter-
mined by their initial state. The size of the ice crystals depends
on the number of nucleation centers (nucleation). Dispersion
of the air phase is largely determined by additional stabili-
zation of the agglomerated fat phase [6]. So it is possible to
control the dispersion of structural elements in the ice cream
plombir by regulating processes of nucleation and stabilization
of the air phase at the optimal viscosity of the medium. It is ex-
perimentally proved that in the ice cream plombir it is possible
to regulate these processes by means of the dispersity of the
fat phase. Fat particles smaller than 2um may initiate nucle-
ation and form larger particles. Besides, with the increasing of
the dispersity of fat particles with the technologically limited
mass fraction of dry substances without fat (source of the pro-
tein — the air phase stabilizer), the thickness of the shell on the
particles will be decreasing [7,8]. Consequently, the probability
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of the desired process of destabilization and agglomeration of
the fat phase with increasing its mass fraction and dispersity is
rising. It has been experimentally established that this effect is
mostly pronounced when the mass fraction of fat in ice cream
is 15 % or more [9].

As a result of the study the influence of the homogenization
pressure of mixture for the ice cream plombir on the dispersity
of the fat phase and the viscosity of mixture and the dispersity
of the ice crystals and air phase in the ice cream during storage
was determined.

To evaluate the influence of homogenization on the effective
viscosity of mixture, and the dispersity of fat particles, the re-
search of homogenized and inhomogenized mixtures with food
fibers (FF) was carried out. (Table 1 and Fig. 1)

Table 1
Effect of the homogenization process on the effective
viscosity of mixtures with FF

Effective viscosity of the mixture,

MPa s
Sample .
Before After maturation
maturation during 18 hours
1 —homogenized mixture 495+/-10 435+/-10
2 — mixture without homogenization 49+/-3 34+/-3

As follows from the data (Table 1) viscosity of the mixture in-
creases as a result of homogenization by almost 10 times, which
is important for the stable distribution of structural elements.

The average diameter of the fat globule after homogeniza-
tion decreased 3 times the original to 1.7 microns and in the
sample 2, respectively, to 5.6 microns. In the inhomogenized
sample there are large and clustered fat globules (Fig. 1).

The graphical processing of the results of study provides the
most reliable impression of fat particles distribution by sizes
(Figs. 2 and 3). Fig. 2 shows the distribution curves of fat par-
ticles by their sizes in the samples with homogenization and
without homogenization.

As it may be seen from the data (Fig. 2) the sample with
homogenization is characterized by the largest number of fine
fat particles up to 2 ym in comparison with the sample without
homogenization. The peak of the sinusoid of the homogenized
sample is 1.5 pm, and of the sample without homogenization is
5.5 um.

In a homogenized mixture, the number of fat globules with a
size of 1.5 ym was 45.5 %, and in the sample without homogeni-
zation only 2 % (Fig. 3).

Food fiber (FF)

Fig. 1. The state of the fat phase in ice cream plombir with FF with fat mass fraction 15 %:
1 — with homogenization; 2 — without homogenization

8
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Fig. 2. Distribution of fat particles by sizes in mixtures for ice cream 15 % fat content with food fibers (FF)
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Fig. 3. Distribution of fat particles by sizes in ice cream mixes with a mass fraction of fat of 15%

Taking into account the influence of the mass fraction of fat
and its dispersion on the state of ice crystals and the air phase
in ice cream plombir, the optimal homogenization pressure of
the mixture was determined experimentally. The state of the fat
phase in the mixture was taken into account as the average par-
ticle diameter should not exceed 2 pym and only the single ag-
glomerates of particles were allowed (Table 2).

Table 2

Optimal homogenization pressure for ice cream plombir

mixtures 2

Homogenization pressure,
1 stage/ 2 stage, MPa

Mass fraction of fat in the
mixture, %

12 14,0/5,0
15 11,0/5,0
18 8,0/3,0
20 7,0/3,0

The established modes of homogenization in the production
of the ice cream plombir were used with stabilizers (starches)
of physical modification and without the use of emulsifiers.
The state of the structural elements under conditions of non-
stationary storage (with 1, 2 and 3 fluctuations) with the tem-
perature mode of minus 18 °C, minus 12 °C, minus 18 °C (Fig. 4)
was determined.

The movement of the peak of the sinusoid along the X axis
to the right indicates reducing of the dispersion of structural
elements. The data shown in Fig. 4 indicate the best preserva-
tion of the dispersion of ice crystals at temperature fluctua-
tions in the ice cream plombir with starch of physical modifica-
tion in comparison with the indicators of traditional ice cream.
Particularly, even after three temperature fluctuations in the
traditional ice cream plombir and in the ice cream plombir
made with the starch of physical modification, the sinusoidal
peak is of the value 47-48 yum, which is less than the threshold
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Fig. 4. Distribution of ice crystals by sizes in the ice cream plombir:
a) The ice cream plombir with a traditional effective stabilizer-emulsifier; b) The ice cream plombir with the starch
of physical modification

of organoleptic perceptibility (50 pm). However changes of the
index with fluctuations are more pronounced in traditional ice
cream [10, 11].

A similar trend was noted in the study of the dispersion of
the air phase under conditions of unsteady storage of the ice
cream plombir.

4. Conclusions

As a result of the study it was found that the fat phase in
ice cream with a mass fraction of fat of 15% and more, with
its high dispersion positively influences the effective viscosity
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