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Annomauus

B pabome uccnedosarvr ocobeHHocmu GopmMuposaHus cmpyx-
mypoL KonbacHvix usdenuil 6 npovecce éapxu. Ilokasano, umo
8A3KOCMb KONOACHO20 Papuia USMeHAEIMCS CTIOHHBIM 00pa3om
u umeem mpu xapaxkmepuvle obnacmu. Haildenot xapaxmepu-
cmuveckue napamempul, onpedensioujue GopMuUposanue cmpyx-
mypui KonbacHbIX U3denuii 0158 Kaxooi obnacmu. Yemanosnero,
YUMo UCNOML3068aHUE KABUMAUUOHHO 006pabOmManHoz0 paccona
npudaem KOHeUHOMY NPOOYKIMY HENHYI0 KOHCUCHEHUUIO, d7a-
CMUMHOCMY U APKO BbIPAINEHHDIL BKYC, 4o Oenaem e2o0 boree
npeono4umumentvHoim 0715 HompeOumens.

BBenenue

OO6111ast KOHIIENIVsI IPeBPAI[eHNIT XUMUIECKIX KOM-
MOHEHTOB IMIIEBBIX CUCTEM B TEXHOTOIMYECKOM ITOTOKE
6a3upyeTcs Ha 3HAHUM UX COCTABa, CTPYKTYPBbI, CBOJICTB,
a Tak)Ke Ha TEOPUM O MHOXXECTBEHHOCTY U HEOJZHO3HAU-
HOCTM XMMMYECKVX IpeBpalleHNil, MPOTEKAINX IIOf
B/IVSIHVEM PasiINYIHbIX GakTopoB (Ppusnyecknx, Xummde-
CKMX, TEXHOJIIOTMYECKUX U T.71.). VccrnenoBauna BIMAHMA
0COOEHHOCTel CTPOEHNs] KOMIIOHEHTOB, X B3aMMOfeil-
CTBUE MEXIY coborit, XapaKTep BO3HUKAOIINX CBA3EL,
MeXaHM3Mbl O00pa3OBaHMA YCTOVYMBBLIX COENVHEHMIL,
KOMIIJIEKCOB 1 YMeHI€ YIIPAB/IATh STUMM IIPoLjeccaMy —
OfIHO 3 Haubo/lee BaXKHBIX HAIPAaBJIEHWII COBPEMEHHOI
NNIIEBON TEXHOIOTHUA.

JlokasaHo, YTO MCIIONb30BAHME COHOXMMUYECKO 06-
PpaboOTKM paccosa mpyu MpoK3BOACTBE KOMOACHBIX U3JIeTINII
[I03BOJISIET YIYYIINTD UX KadecTBo [1]. OpHako MexaHmn3M
B/IVISTHMS SKUAKVX INIIEBBIX cpef (paccona), obpaboraH-
HBIX B KaBUTALMOHHOM peakTope, Ha (pOopMMpOBaHIE
CTPYKTYPbI TOTOBBIX M3/Ie/INIL IPY Bapke KOMOACHBIX (ap-
IIeil paHee He U3YJasICH.

B pabote mccnenoBany MeXaHU3M BVMSHUS Paccora,
HO/IBEPTHYTOTO KaBUTAIIOHHOI 00paboTKe, Ha CTPYK-
TYpPHO-MeXaHNMYecK1e CBOJCTBAa (BA3KOCTb) KOMOACHBIX
M3[IeINIl B TIPOLjecCe BapKIL.

MaTepmam,I " ME€TObI

Il mpoBeneHMs MCCIENOBaHNs ObIIM VI3TOTOBJ/ICHBI
OIIBITHbIE 00pa3lbl KONMOACHBIX (haplleil, perenTypa Ko-
TOPBIX IIpMBefieHa B Tabmme 1.
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Abstract

This paper studies the features of formation of sausage product
structure in the process of cooking. It is shown that the viscosity
of sausage meat varies in a complex manner and has three
characteristic areas. The characteristic parameters that deter-
mine the formation of the structure of sausages for each area were
found. It is established that the use of the cavitation brine gives the
finished product a gentle consistence, elasticity and distinct taste
that makes it more preferable for the consumer.

Introduction

The general concept of transformations in chemical
components of food systems in the technological flow is
based on the knowledge of their composition, structure
and properties, as well as the theory of the multiple and
complex chemical transformations occurring under the
influence of different factors (physical, chemical, tech-
nological and others). Studies on the peculiarities of the
component structure, their interactions with each other,
the character of emerging bonds, the mechanisms of de-
velopment of stable compounds and complexes, the ability
to manage these processes are among the most important
directions of the modern food technologies.

The use of sonochemical processing of brine in the pro-
duction of sausage products is proved to offer the possibil-
ity to improve their quality [1]. However, the mechanism
of the effect of liquid food media (brine) treated in a cav-
itation reactor on the formation of structure of finished
products during the cooking of sausage meat has not been
previously studied.

The authors studied the mechanism of the effect of
brine subjected to the cavitation treatment on structural
and mechanical properties (viscosity) of the sausage prod-
ucts during cooking process.

Materials and methods

To conduct the study, the test samples of sausage
meat were manufactured, which formulation is given in
Table 1.
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Table 1. Formulation of sausage meat samples
Ta6m. 1. Penenitypa 06pasioB Kon6acHbIX ¢apuieit

Raw materials and ingredients | Coipbe u unrpesuentst | Control sample, % | Konutponsusiii, % Test sample, % | OubrTHbIIT, %
1st grade beef | ToBsanna 1 copra 20,0 20,0
Semifat pork meat | CBunuHa nonyxupHas 60,0 60,0
Mechanically deboned poultry meat |

. 15,0 15,0
Msico NTHIIBI MeXaHUYIeCKOIT 00BAIKN
Skim milk powder | Monoko cyxoe o6e3xupeHHoe 3,0 3,0
Eggs | flituo 2,0 2,0
Technological water | Boga TexHonornyeckast 24,0 —
Salt | Conbp moBapeHnHast 2,0 —
Brine | Paccon — 26,0
Complex food additive «Doktorskaya» |

0,8 0,8

Kommnekcnas fo6aska «JJokTopckas»

B KoHTpoO/NbHOM 006pasije BOLOIPOBOLHYIO BOAY HO-
6aB/IAMM BMeCTe C ITOBApPEHHOJ CONbI0 Ha IEPBOM 3Ta-
e KyTTepoBaHMs (IIOC/Ie BHECEHMS B KYTTep TOBSAAVHBI
1 copra).

KommekcHyo mnuimesylo po6aBky «loKTopckas»
(mpomssBogutens — OOO «Kosrekuus BKycoB»), uMe-
IOLIYI0 B CBOeM cocTaBe ocdarel, IIyTaMaT HaTpus,
spuTOpOAT HATPUA, HATYPAIbHBII KPacUTeNb, 9KCTPaK-
TBI CIIEIVII TaK)Ke BHOCKU/IV Ha IIEPBOM 9Talle KyTTepo-
BaHUA.

B omnbiTHOM 06pasiie MCIIONb30BAIN PACCOI, KOTOPDII
TOTOBIWIM B COOTHOIIeHUM 1:12 (moBapeHHast COMb:BOJIA).
Paccon o6pabarsiBany B KaBUTALIIOHHOM peaKTOpe TUIIA
«PKY» ¢ mpesokepaMmyeckuM ImpeobpasoBaresieM, Ipo-
M3BOAMUTENBHOCTDIO 5 JI/MUH U BBOJV/IY Ha IIEPBOM 9Talle
KyTTepOBaHMA. AJTOPUTM BHECEHNUSA KOMIUIEKCHOI M-
I[eBOJI J0OABKI OCTAJICA MPEKHUM.

/13 o6pasnoB ¢apura oTéupam Npoosl B KIOBETY BU-
6posuckosumerpa «SV-100» (dpupmsr A&D Co. LTD,
SInoHus), AMama3soH M3MepeHMs BA3KOCTY BapbUPYeTCH
ot 1 o 100 ITa-c. Ha gannom mpubope mccmenoBamu Ki-
HETUKY IpoIlecca U3MeHeHNs TeMIepaTyphl I BA3KOCTH.
[TonyueHHBle pe3ynbTaTbl (UKCUPOBAINCH HA JVICIUIEE
KOMIIBIOTEpPa B pea/ibHOM BPeMeHM U B Jla/IbHeileM 00-
pabarbIBaICh ¢ IOMOLIbIO IporpaMmbl Excel.

Bei6op BubpoBuckosumerpa «SV-100» 6611 00ycnos-
JIeH TeM, YTO M3MepeHNe BA3KOCTU Ha HeM, B OT/INYNE OT
POTAIVIOHHBIX BUCKO3MIMETPOB, He IPUBOANUT K pas3pylile-
HUI0 GOPMUPYIOLECA CTPYKTYPBI.

PesynbpraTsl 1 NX 06Cy>KaeHMe

VI3 maHHBIX KMHETUKM IIPOLjecca MU3MEeHEeHNs BASKOCTI
U TEMIIEPATYPBI IIPY TEPMUUECKOI 00paboTKe, IpeCTaB-
JICHHBIX Ha PUCYHKe 1, BUIHO, YTO CIBUIOBbIE XapaKTe-
pUCTHKM KonbacHOro ¢apiua IpeTepIiesiu CIOXKHbIEe U3-
MeHeHVs U 00pa3oBa/iCh TPM XapaKTepHble 00/1acTy Ha
peorpammax TedeHus (puc. 1). IlpudeMm mx mpoTsDKeH-
HOCTb /11 KOHTPOJIBHOTO ¥ OIBITHOIO 0Opaslia He COB-
Hajaer.

ITepBas obmactp (la, 2a, puc. 1) cBsi3aHa C yBenude-
HYEM BSI3KOCTYM TIPM IPAKTUYECKV HOCTOSHHON TeMIe-
parype. Takoe mOBefeHe, IIO-BUAMMOMY, OOBSICHSIETCS
BOCCTaHOBJ/ICHIEM CTPYKTYPbI KombacHoro ¢apura mocre
eé paspylIeHys Py KYTTePOBAHUY ¥ BHECEHNN B KIOBe-
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In the control sample, tap water was added together
with sodium chloride at the first step of cutting (after add-
ing 1st grade beef to cutter).

Complex food additive «Doktorskaya» (produced by
Kollektsiya Vkusov LLC) containing phosphate, mono-
sodium glutamate, sodium erythorbate, natural coloring,
and spice extracts in its composition also was added at the
first stage of cutting.

Brine prepared with a ratio of 1:12 (salt:water) was used
in the test sample. Brine was treated in the cavitation re-
actor of «<RKU» type with a piezoceramic transducer and
the capacity was 5 L/min. According to formulation, it was
added at the 1st stage of cutting. Algorithm for addition of
complex food additive remained unchanged.

The samples of minced meats were taken into the cuvette
of vibro viscosimeter «SV-100» (manufactured by A&D Co.
LTD, Japan), whose measurement limits range from 1 to
100 Pa-s. Using this instrument, the kinetics of changes in
temperature and viscosity was investigated. The results ob-
tained were registered on a computer display in a real-time
mode and subsequently were processed using Excel software.

The vibro viscosimeter «SV-100» was chosen because
the viscosity measurement using it does not lead to the
destruction of the forming structure as opposed to rotary
viscometer.

Results and discussion

The data on the kinetics of the viscosity and tempera-
ture changes upon thermal treatment presented in Figure 1
show that the shearing characteristics of the sausage meat
underwent complex changes and three characteristic areas
were formed (figure 1). Moreover, their sizes for control
and test samples do not match.

The first area (1a, 2a, figure 1) is associated with an in-
crease in viscosity at a substantially constant temperature.
Such a behavior seems to be explained by the restoring of
the structure of sausage meat after its destruction during
chopping and transferring into the cuvette of vibro visco-
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The processing time for the sausage meat, in seconds | MpogomkuTenbHocTb 06paboTkM KonbacHoro dpaplua, cek.

=== 1" The temperature change for a control sample |

M3meHeHue TemnepaTypbl 419 KOHTPOAbHOro obpasua

2 The change in viscosity of a test sample |
M3meHeHue BA3KOCTM A5 onbITHOro obpasua

1 The change in viscosity for control sample |
M3meHeHWe BA3KOCTU A1 KOHTPOIbHOTO 06pasLa

= 2" The temperature change for a control sample |

M3meHeHwue TemnepaTtypbl 415 KOHTPO/IbHOMO 06pasua

Figure 1. Kinetics of changes in viscosity and temperature of sausage meat samples during heat treatment
Puc. 1. Knnernka n3MeHeHus BASKOCTH ¥ TeMIlepaTypsl B o0pasiax kombacHoro dapiua npu TepMoodpadorke

Ty BI/I6pOBI/ICKOSI/IMeTpa. KuHeTnka nameHeHus BA3KOCTHU
B 9TOM C/1y4dae MOXKET ObITH OmMcaHa YpaBHEHNEM BIa:

n=n+Mm,-n)e*s (1)

T/ie 1, 1|, — 3HAYeHMs BASKOCTY B HAa4Ya/bHBI MOMEHT BPEMEHM
U TIPY JOCTIDKEHUM MaKCUMyMa B IIepBOit 06acTu mporjecca
ITa-c; k — KOHCTaHTa, XapaKTepy3yIolas IPOLecC BOCCTAHOB-
JIEHVISI CTPYKTYPBI CeK’; T — BpeMs TepMOOOPabOTK, CeK.

MeTogamyu HETMHENTHOTO PErpecCHOHHOTO aHaIN-
3a [2] 6bpUIM OompepeneHbl KOHCTAHTHI ypaBHeHus (1) s
KOHTPOJIBHOTO 1 OIIBITHOTO 00pas1ioB KonbacHoro dapiia
(Tabm. 2).

KoncranTa (k) mporecca BoccTaHOBIeHNA CTPYKTYPBI
(tadn. 2) mst KombacHoro dapiia, ComepKaliero KaBuTa-
I[MIOHHO 06pabOTaHHBIIl PACCOTI, OKA3bIBAETCSI HECKOIBKO
MeHblIle, YeM Y KOHTPO/IbHOro obpasua. Ha Haur B3riag,
3TO sIBJIEHME MOXKET OBITh CBA3aHO C YBelIUYeHMEM O0b-
eMa 1 CTeleHN CTPYKTYPUPOBAHHOCTU THAPATHOI 060-

simeter. In this case, the kinetics of viscosity changes can
be described by the following equation:

n=n+,-n)e*s (1)

where n,, n, — viscosity values at the initial time and when
reaching a maximum in the first area of the process Pa's; k —
constant characterizing the process of structure restoring s’
T — time, in seconds.

Using nonlinear regression analysis methods [2] the
constants of equation (1) for control and experimental
samples of sausage meat were determined (table 2).

The constant (k) of the structure restoring process
(table 2) for the sausage meat containing a cavitation-
treated brine is somewhat less than the constant for con-
trol sample. In our opinion, this phenomenon may be due
to the increase in the volume and degree of structuring
in the hydration shell of protein macromolecules of test
sample [3], which complicate the process of the structure

Table 2. Kinetic constants of structure restoring process for sausage meat samples
Ta6m. 2. Kunermdyeckue KOHCTAHTBI IPOILECCa BOCCTAHOBIEHMSI CTPYKTYPbI 00pa3oB KomdacHoro ¢apma

Constants | KoncranTs Control sample | KonrponpHsrit Test sample | OnbrTHBIIT
n, lla-9/n,, Pa-s 41,34 52,01
n,, lla-Y/n,, Pa-s 57,21 69,98
k, c'/k, s 0,00440 0,00403
r’ 0,9998 0,9999
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JIOYKY O€IKOBBIX MaKPOMOJIEKY/ y OIIBITHOTO 00pas-
1a [3], koTopble 3aTPYAHSAIT IPOLECC BOCCTAHOBJIEHIS
cTpyKTyphl. KpoMe 3TOTO0, TEeMIIepaTypa BOCCTAaHOBJIEHIS
CTPYKTYPBI KOZIOACHOTO (paplira OIbITHOrO 00pasiia HIDKe,
4eM y KOHTPOJBbHOrO (cM. pumc. 1), 94TO TakKe CHMXa-
eT CKOPOCTb U YBeJIMYMBAET BpeMs CTPYKTYPUPOBAHIS
MUIEBOI CUCTEMBI.

Bropas o6macts (puc. 1, 1b, 2b), cBA3anHas ¢ ymeHb-
IIeHNeM II0Ka3aTes BA3KOCTI, 00yC/IOB/IeHa paspylieHN-
eM CTPYKTYPBI IpM TEPMUYECKOM BO3fieiicTBIN. VI3MeHe-
HI€ BSI3KOCTY B 9TOM C/Ty4ae OINpefie/isieTCsl M3MeHEeHeM
cBob6ozHOI sHepruy akTuBaym -AG, (k/KMomb) BA3-
KOTO Te4eHMsI, KOTOPYI0 MOXXHO OIIpeNe/INTh U3 ypaBHe-
Hus Opexens-diipunra (2) [4].

-AG,

n:AO'eR.T, (2)
re Ay — TOCTOSHHBIN KoaddureHt, Ila-c, R = 8,3144 [Ix/
(monb - °K) — yHUBepcabHas rasoBas HOCTOsiHHas; T —

TeMieparypa, °K;

Benmmyuna AG,, B CBOIO OYepeb, 3aBUCUT OT TEM/IOTHI
(AH,) n suTponuu (AS,) akTuBalum BASKOTO Tedenus [4]:

-AH,  -AS, -AH,

n=A,ef et =A"erT,

(©)

roe: -AS

B

A=A e’,

(4)

CrefioBaTe/IbHO, BENYNHA, PACCYMTAHHASA 110 TAHT€H-
Cy yI/Ia HaKJIOHa jiorapudma Bs3KOCTI OT 0OpATHOII TeM-
neparypsl Inn~f(1/T), ABIAeTCA TEIUIOTON aKTUBALUN
tedeHus. [/ HaXOXKeHNs SHTPOIINY U CBOOOIHOII SHEp-
TUV aKTVBALUY BA3KOTO TeYEHMS, IPEX/Ie BCEro CIeyeT
OIIpefie/IUTb BeIMYMHY IIOCTOSHHOTO KoaddurimeHTa A,
4TO 3aTPYAHUTE/IBHO.

B pmamasone temnepatyp ot 20 o 30 °C gy KOHTp-
onbHOTO 1 0T 15 710 25 °C 1151 o1IBITHOTO 06pa3LoB (puc. 1,
o6mactp 1b, 2b) 3aBucumocts Inn ~f(1/T) He nuHeitHa,
YTO 3aTPYAHAET SKCTPAIOJALVIO KPMBBIX K 3HAYECHNIO
T* = 0, HeoOXoUMYIO J1s pacueTa A, [4].

OmpepeneHne sHepruii aKTUBALMM B 3aBUCHMOCTU
OT TeMIIepPaTypbl IIO3BOIAET CYAUTb O HMPOMCXOAAIINX
CTPYKTYPHBIX U3MeHEeHMSIX B KojibacHOM ¢apiire, BbIpabdo-
TaHHOM I10 TPAJAMI[IOHHOJI TEXHOJIOTUY 1 C IPUMEHEHeM
KaBUTALMOHHO 00pabOTaHHOTO paccona.

B mocnenHee BpeMs 3TOMY HaIpaB/IEHUIO MCCIE0Ba-
HUII yie/isieTCsl 3HaYMTeNbHOE BHUMaHMe [3-6].

Pacuer 3HayeHmi® moxasareneil cBOOOLHOI SHEPTUN,
TEIUIOTHI VM SHTPOIMM AKTUBALMU TEYeHUsd, IpUBEIeH
HIDKe.

[lns BASKux cucteM KonbacHbIX ¢apiieit B ob6mactu
temneparyp (1b, 2b) saBucumocts Inn ~ f(T") He nune-
Ha (puc. 2).

Ji3MeHeHMe BA3KOCTM CHUCTEMbI B 3aBUCHMOCTM OT
TeMIIepaTypbl MOXeT OBITb OIMCAHO 3SMINPUYECKUM
ypaBHeHueM Anena-®oxkca [4]:

K

X, 5)
e B, K1 m — nocrosiHHble KO3 @UIMeHTb], 3Ha4eHUsA KOTO-
PBIX MOXXHO OIIPEleINTD, MICIIONb3ysl METOMbI M3/I0XKEHHBIE
B [2, 7], mpudem 06a MeTOa HAIOT AHA/IOTMYHBIE PE3Y/IBTATHL.

Inn=B+
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restoring. In addition, the temperature of the structure re-
storing for sausage meat test sample is lower than for con-
trol sample (figure 1), and that also reduces the speed and
increases the structuring time of the food system.

The second area (1b, 2b), associated with a decrease in
viscosity index is due to the destruction of the structure
during thermal exposure. In this case, changes in viscos-
ity are determined by the change in free energy of viscous
flow activation -AG,_(kJ/kmole), which can be determined
from the equation of Frenkel-Eyring (2) [4]:

-AG,

n :Ao'e RT

(2)

where A, = constant coefficient, Pa's; R = 8.3144 J/(mole-°’K) —
the universal gas constant; T — temperature, °K).

The value AG,, in turn, depends on the heat (AH,) and
entropy (AS,) of viscous flow activation [4]:

~AH,
', RT
A'e RT)

-AH, .,
.pRT., R
o € (4

-AS

n=A = )

where: AS

A=A eF, (4)

Therefore, the value calculated from the tangent of
slope angle of the viscosity logarithm from the inverse
temperature Inn ~ f(1/7) is the heat of viscous flow activa-
tion. To find the entropy and free energy of viscous flow
activation, first we must determine the value of A,, which
is difficult.

In the temperature range 20 to 30 °C for control sample
and 15 to 25 °C for test sample (Figure 1, area 1b, 2b) the
dependence of Inn ~ f(1/T) is not linear, which makes it dif-
ficult to extrapolate the curves to the value of T = 0 that is
necessary for calculating A, [4].

Determination of activation energies depending on
temperature gives an indication of ongoing structural
changes in sausage meat produced following the tradition-
al technology and using the cavitation-treated brine.

In recent years, this line of research has received con-
siderable attention [3-6].

The calculation of the parameters of the free energy,
heat and entropy of viscous flow activation is shown below.

For viscous sausage meat systems in temperature area
(1b, 2b) dependence of Inn ~ f(T") is nonlinear (fig. 2).

Changing the viscosity of the system depending on
temperature can be described by the empirical Allen-Fox
equation [4]:

K

X, )

where B, K and m — constant coefficients, which values can be
determined using the methods described in [2, 7] and both
methods give similar results.

Inn=B+

The results of calculations of constant values for
Allen-Fox equation are presented in Table. 3. Substituting
the calculated values B, m and K in the equation (5) al-
lows to calculate the viscosity indices of the food system
at temperatures in the area (1b, 2b) with a high degree of
approximation (r?).

The above algorithm allows to calculate the values of
the viscosity as a function of temperature and to extrapo-
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Inn Inn
4.00 1 425
3.90
3.80
4 4.20
3.70
3.60
3.50 415 1
0.0033 0.0034 0.0035 T’

Figure 2. The viscosity changes depending on the temperature of the sausage meat samples during thermal treatment: 1 — control sample;

2 — test sample

Puc. 2 — 3aBUCUMOCTD M3MEHEHNUS BSASKOCTY OT TeMIIepaTypbl B 00pasiiax KonbacHoro papiia mpu tepMoobpadoTke: 1 — KOHTPOJIBHBII;

2 — OIIBITHBIN

PesynbraThl pac4yeTOB 3HaYEHUIT KOHCTAHT yPaBHEHUA
Anena-®oxca npencrasiens! B Tabmuie 3. [TogcranoBka
paccunTanHblX 3HaueHuit B, m u K B ypaBuenne (5) mo-
3BOJIAET BBIYMC/IUTD ITOKA3aTeMV BA3KOCTY IMIIEBON CH-
cTeMbl IpU TeMneparypax B obmactu (1b, 2b) ¢ Beicokoit
CTeIeHbIo annpoxcumaruy (r?).

V3710KeHHBII BBIILE AJITOPUTM IIO3BOJIAET PACCUUTATDh
3Ha4YeHMs [TOKa3aTesIell BASKOCTI B 3aBMCYMOCTI OT TeM-
HepaTypbl M 3KCTPANONNPOBATH IOTyYeHHbBIE SKCIEPH-
MeHTa/bHble 3a BucuMocTy Bupa Inn~f(T7). Ilpu arom,
O4YeBMNIHO, uTO Inn _,..= B. CnefosarenbHo, koadduument
B paBen norapudmy mpesKCIOHEHINATbHOTO MHOXKITE-
nalnA

B=Inn,  _=1InA, (6)

3Hag 3HayeHMA IIOKasaTess AO, MO>XHO PacCUMTaTh
AG,, AH, n AS,.
Terora akTUBaNVy BA3KOIO TEYEHNMSI pacCINTHIBACT-
cs1 o popmyre:
dlnn  AH

=—2F (7)
d(T') R
OTKYyJa:
dlnn
Ry = AH,, ®)

CBo6OfHasI 9HEPTUsl ¥ SHTPOMMSI AKTUBAL[UYU BA3KOTO
TeYeHNA MOTYT OBITh BBIUMCIIEHBI IO popmynam 9, 10 [4]:

Inn - InA
Sl i} 9)
T—l

Table 3. The values of the constants of Allen-Fox equation
Ta6n. 3. 3HaueHMs KOHCTAHT ypaBHeHuA AteHa - ®okca

R = AGB,

late experimental dependencies of Inn~ f(T"). Moreover,
it is obvious that Inn__,..=B. Consequently, B coefficient is
equal to the logarithm of the preexponential factor InA

(6)

Knowing the parameters A, we can calculate AG, AH,
and AS,,.

Heat of viscous flow activation is calculated by the fol-
lowing equation:

B= lnr]bm = lnAO,

dlnn _ AH, %
d(T™) R
from where:
dlnn AH
R'—d(T*I) = B (8)

Free energy and entropy of viscous flow activation can
be calculated by the following equations 9, 10 [4]:

Inn - InA
.—n O — AG.»
T! B

AH, - AG, _
T

According to equations (8), (9), and (10) the values of
AG,, AH,, AS, for sausage meat were calculated depending
on the temperature (figure 3, 4).

For the control sample, the heat of viscous flow activa-
tion dramatically decreases with the increase of tempera-
ture, and for test sample, it substantially does not change

R 9)

AS,

B

(10)

Samples | O6pasupI B K m r
Control sample | KonTponpHbiit 3,60 3,58:10% 82,68 0,992
Test sample | OnbrTHBLIT 3,59 3,42-10° 3,95 0,999
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AH,-AG,
T

ITo ypaBHeHu:M (8), (9) u (10) 6p1M paccYMTaHbI 3HA-
uenua AG,, AH, u AS, xonbacHoro dapiiia B 3aBUCUMOCTI
oT TemIiepatypsl (puc. 3, 4).

[l KOHTPONIBHOTO 06pasna TemIoTa AaKTUBALUU
BS3KOTO TEYEHWs C YBeJMYEHUEM TeMIIePaTypbl Pe3Ko
YMEHbIIIAeTCs, a /IS ONIBITHOTO 06pasiia IPaKTUIecKn He
MmensieTcst B obmactu (1b, 2b). SHTponUA aKTUBAIUY Tede-
HYSI KOHTPOJIBHOTO 00paslia TaKXKe Pe3KO YMEHbIIAeTCs
B 3aBMCYMOCTH OT TEMIIEPATYPHI, a [/ OIBITHOTO 00pas-
11a YKa3aHHBII IPOL[eCC He3HAYNTETIEeH.

OueBUHO, YTO IPUINHBI U3MEHEHUsI TEIUTOTHI U 9H-
TPOINM aKTMBALMYU TeYeHMsI CBS3aHbI C IPOIleccaMy pas-
PYLIEHNSI CTPYKTYPBI MAIIEBbIX CUCTEM.

[lna xonbacHoro capia, BBIpabOTAaHHOTO IO Tpa-
IVMLVOHHON TeXHoNnorny (KOHTpOnb, puc. 3, kpuBas 1)
XapaKTepPHO pe3Koe YMeHbIlIeH e TeIIOTHI aKTUBALINN Te-
JeHsI IPY HarpeBaHMM, 9YTO 00yCIaBInBaeT 60see BbICO-

(10)

B>

AH, kJ/mol | AH, kO/Mmonb

90.0

80.0
70.0

60.0
50.0
40.0
30.0
20.0

10.0

@ @@ @ @@ @ @@ @@ @ @ @ @© 2

in the area (1b, 2b). Flow activation entropy for the control
sample was also dramatically reduced depending on the
temperature while this process was negligible for the test
sample.

Obviously, the reasons for changing the heat of viscous
flow activation and flow activation entropy are associated
with the destruction of the structure of food systems.

Sausage meat produced using traditional technology
(control sample, figure 3, curve 1) is characterized by a
dramatically decrease in the heat of viscous flow activation
during heating, which leads to a higher rate of the struc-
ture destruction. For sausage meat containing a cavitation-
treated brine (test sample, figure 3, curve 2), the heat of
viscous flow activation is nearly constant during heating,
which leads to a slight degradation of the structure.

Changes in entropy of viscous flow activation de-
pending on the heating temperature are also illustrative
(Figure 4). In the control sample, the food system is more

0.0 T \ T
288 290 292 294

296

298 300 302 304 T, °K

Figure 3. The dependence of the heat of viscous flow activation on the temperature in sausage meat samples: 1 — control sample; 2 - test sample
Puc. 3. 3aBUCHMOCTb TEIUIOTHI AKTUBALIUN BA3KOTO TedeHNs B 00pasijax KombacHoro ¢apiia oT TeMIeparypsl: 1 — KOHTPOJIbHBII; 2 — OIIBITHBII

J

mol -K
350.

LK

7
mosnb- K
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Figure 4 - The dependence of entropy of viscous flow activation on the temperature in sausage meat samples: 1 — control sample; 2 — test sample
Puc. 4. 3aBMCHMMOCTb HTPONIUM AKTVBALMY BA3KOTO TEYEHVsl OT TEMIIEPATypbl 00pa3LjoB MACHOTO (hapiua: 1 — KOHTPOJIBLHBIIL; 2 — OIIBITHBII
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KU TeMII pa3pyLieHus CTPyKTypsl. [I71s1 konbacHoro ¢ap-
11, COflep>Kallero KaBUTALIOHHO 0OpabOTaHHBII paccor
(omslIT, puc. 3, KpuBas 2), TeIIOTa aKTUBALUY TEYEHN
IpY HATPEBAHUU IPAKTUYECKU MOCTOSHHA, YTO IPUBO-
IUT K HE3HAUUTETbHOMY Pa3pyIIEHUIO CTPYKTYPHIL.

IToxasaTenbHBl TaKXe W3MEHEHMsS SHTPOINMM aKTHU-
BaI[UV TedeHMs KOJOacHOro ¢papura B 3aBUCUMOCTY OT
TeMIlepaTypsl Harpesa (puc. 4). B konTponbHOM 06pasie
nuieBas cucreMa 6osee CTPYKTYpPUPOBaHa, TaK KakK 13-
MeHeHMs SHTpOIuY o4ty B 20 pas BBIIIE 10 CPAaBHEHUIO
¢ onbitHeIM Tpu 293°K (20°C). B pmanbHeriiem, usme-
HEeHUsA SHTPONUY IPY IOBBIMIEHNN TeMIepaTyphl Pe3Ko
YMEHBIIAIOTCS B KOHTPOJIILHOM 00pasiie 110 CpaBHEHMUIO
C OIIBITHBIM.

B rpetbeit obmactu (puc. 1, obmactu 1c, 2¢) Habmopaet-
Cs yBeM4eHVe BSA3KOCTM IIPY JajIbHellllleM HarpeBaHNUM
KonbacHoro ¢apia, 4To 00ycI0BIeHO GOpMIPOBAHUEM
CTPYKTYPBI KO0achl 3a CYeT [EeHATYypPal[uyl MBIIIEYHBIX
6en1koB. [I1s1 KOHTPO/IBHOTO 06pasiia MpoIecc CTPYKTY-
pupoBaHuA HauMHaercsA npu 32-+33°C, a 74 ONIBITHO-
ro — npu 26 + 27 °C (puc. 1). VI3 puc. 1 BupiHO, 4TO yBemu-
JeH1e BA3KOCTY MJeT He MOHOTOHHO. JlocTuras 3sHaYeHmit
70+75 Ila'c mokasaTesb BASKOCTY U3MEHAETCH CKaIKOO-
6pasHo: TaKkoe IOBeJleHNe, BEPOATHO, CBA3aHO C pelaKca-
LIMeN CBUTOBBIX HAIIPsKEHUI B IINILEBOI CUCTEME.

BriBopgbI

dopMupoBaHme CTPYKTYpbl KONOACHBIX M3MIENit
HAYMHAETCS C TIOBEPXHOCTM M NPOTeKaeT Ooee MHTEH-
CUBHO, 4eM BHYTpM ob6pasia. Takas HepaBHOMEPHOCTb
B pOPMUPOBAHUY CTPYKTYPhI IIPUBOJUT K BO3HIKHOBE-
HUIO HAIPSDKEHWIT, CHATVE KOTOPBIX B MUIEBOIT CICTEME
IPOVICXOUT 32 CYET UX PeTaKCALVIL.

Takum o6pasom, pu GOPMUPOBAHUY CTPYKTYPBI IIPK
BapKe KOMOACHBIX M3[ENNil MOXXHO TOBOPUTH O JIBOVICT-
BEHHOM IIpOILiecce: C OHOI CTOPOHBL, UJIET CTPYKTYPUPO-
BaHILe, 4 C APYTOIi, MMeeT MECTO PelaKcalisi, T.e. BBIPAB-
HUBaHIe HalIpsDKeHUiT B 06beMe KosibacHoro usmenus [5].

JlaHHBle, TpencTaBIeHHble HA peorpaMMe TedeHMUil
(puc. 1), CBULIETEIBCTBYIOT O TOM, YTO Pe/TaKCAIMIOHHBIE
mporecchl 6ojiee aKTUBHO MIPOUCXOAAT B KOMOACHBIX U3-
[enMsAX C KaBUTALIOHHO 06pabOTaHHBIM PAacCoOOM, YTO
HOPUBOAUT K OCTA0MeHnI0 pOPMUPYIOILENCS CTPYKTYPbI
KombacHoro magenus. [lomydarmomuiicss TPOgYKT MMeeT
HEXHYI0, 9/aCTUIHYI0 KOHCUCTEHIUIO U SIPKO BBIPa>KeH-
HBIII BKYC, 60/1e€ IPeIIOYTUTENbHBII /s IIOTPeOUTEISL.

braromapHocTb

Paboma evinonnena 6 pamxax Ipawma na 2015 2.,
evl0enennozo Poccuiickum pondom ynoamenmanvHolx
uccnedosanuii (PODN), ons punancuposanus Hay4uHo-
20 npoexma Nel5-58-45028 «Teopemuueckue acnexkmol
COHOXUMUYECK020 6030eliCnBUSsT HA NULLeBble IMYTTbCUL»
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structured, as the changes in entropy are almost 20 times
higher as compared with test sample at 293 °K (20 °C). Sub-
sequently, changes in entropy with increasing temperature
for the control sample dramatically decrease as compared
with the test sample.

In the third area (figure 1, area 1c, 2¢) there is an in-
crease in viscosity when sausage meat is heated, which
is caused by the formation of structure due to muscle
protein denaturation. For the control sample, the struc-
turing process starts at 32+33°C, and for the test sam-
ple, it starts at 26 +27°C (figure 1). Figure 1 shows that
the viscosity increase is not monotonic. At the values of
70+75 Pas, viscosity index changes abruptly: such a be-
havior is probably due to the relaxation of shear stresses in
the food system.

Conclusion

Structure formation in sausage products starts at the
surface and proceeds more rapidly than inside the sample.
Such an unevenness in the formation of structure leads to
stresses, removal of which in the food system is due to their
relaxation.

Thus, the formation of structure during the cooking of
sausage products is a dual process: on the one hand, the
structuring is going on, and on the other hand, the relax-
ation takes place, i.e. equalization of stresses in the bulk
sausage product [5].

Data presented on the flow rheogram (figure 1) show
that the relaxation processes occur more extensively in
sausages containing cavitation-treated brine, which leads
to a weakening of forming structure of the sausage prod-
uct. The finished product has a gentle and elastic consis-
tence and a distinct taste that makes it more preferable for
the consumer.
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