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Annomauus

W3yuenue cmabunvocmu 0en1K08 8 3a8UCUMOCIU OM PASTIUUHDIX
MexHOMo2UeckUx (PaKmopos no3eonsen HANPAGIEHHO Koppek-
muposamo GUIUKO-XUMUHECKUe CB0LICNBA MACA U KAYeCneo
2omoeoil npodyxkuuu. B cmamve npedcmasnerivt 803mosncHocmu
ucnomvsosanus [JCK 07151 usyuerus 61UsHUS MOHO- U OUBATIEHIMN-
Hblx coreti Ha cmMabUnvHOCMb 6eNK08 K mepmuveckoti 06pabom-
ke. C Uenvto ycrmanoBeHUs 6IUSHUS XI0pUOa HAMPUS U e20 3a-
MeHumeneii — coneti KAAUA U KAZbUUS HA MePMOCAOUNLHOCHb
benkos Oviu NPosedeHvl UCCTIE008AHUS USMENLHEHHbIX 00PA3L08
OnunHetiuieli MblUUbl CEUHUHDL, NOCOTIEHHBIX NOBAPEHHOLI COTbIO
8 konuvecmee 2,0% u KOMNOSUUUAMU COTIEl ¢ NOHUNCEHHbIM HA
50% codepicanuem Xn0puda HAMPUs — CMeCb X7I0PUO08 HAMPUs
U KAZUS; CMeCb XZI0pUOOM HAMPUS, KAMUS U KAZbUUS HA Oug-
Ppeperyuanviom ckanupyrowem xanopumempe DSC Q 2000, c¢
npedenamu uzmenenust memnepamyp om 5 °C 0o 100 °C u ckopo-
cmuvio usmerenust memnepamyput - IK/mun. Yemaroeneto, umo
8HeceHUe X10puda kanus esamer 50% noeapeHHoll conu He oka-
3618ATI0 CYUAECINBEHHO20 BNIUSHUSL HA CMAOUTLHOCb AKMUHA U
MuosuHa k mennogoii denamypavuu. ITocon msaca komnosuyuei
€O CMeCbI0 XTI0PUO08 HAMPUS, KATUSL U KATIbUUS NPUSOOUT K CHU-
HEHUI0 YCMOUMUBOCU MUOPUOPUNTAPHLIX benkos, 4mo ceude-
Menbcmeosano o decrabunusupyouem spgexme Kanvyus Ha
AKMuH U MUO3uH. Buisenena ompuyamenvHas KoppenTyuoHHAS
3A6UCUMOCIbL MeXOY BeNUMUHOL UOHHOTL CUTIbL U teMnepamypoti
denamypayuu muosuna u akmuna. Koagpduyuenmu: koppensyuu
cocmasunu 0nst Muo3una - muryc 0,99, ons axmuma - mumyc 0,95.
Crudcenue memnepamypvl OeHamypauuy MUOPUOPUIIAPHbIX
6en1K08 8 NPUCYMCMBUU XTIOPUOA KATIbUUST OMKPbIBAEtn HepcheK-
Muebl 07151 NPosedeHUsT UCCTIed08AHUTL, HANPABIEHHVIX HA 060CHO-
8aHUe B03MONHOCHU NPOBEOEHUS Mensio80l 06pabomKiL MACHOU
NPOOYKUUL C NOHUNEHHBIM COOPHCAHUEM HAMPUS npu 60see HU3-
KUxX memnepamypax.

BBenenue

ViccnenoBaumio CBOVICTB O€NKOBBIX KOMIIOHEHTOB MIC-
HOTO CBIPbsI IOCBSIIIEHO HEMasIo Hay4YHBIX PabOT OTedyecT-
BEHHBIX 1 3apyOeXXHBIX y4eHbIX. OfHaKO, OO/MBIINHCTBO Me-
TOJIOB, VCIIOTIb3YEeMBIX ISl M3YUeHNUsT PU3MKO-XUMIIECKIX
M3MeHEeHMII Oe/IKOB B IPOLIecce CO3PEBAHMA U TEXHOIOTH-
4ecKoll 00pabOTKM MsCa, OCHOBAHBI Ha IIPEIBAPUTEIbHON
9KCTPAKIMY O€TIKOBBIX BEIeCTB PAs/IMIHBIMU PACTBOPU-
TE/SIMY, YTO CYILIECTBEHHO YCTIOXKHSET IPOBETEeHMe UC-
CIE[IOBaHUIT ¥ yBeMMUYMBAET UX TPYHOEMKOCTb. B cBs3u
C 9TUM TMpEACTAB/IsIeT VHTEpeC M3ydeHue BO3MOXXHOCTU
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Abstract

Study of protein stability depending on the various

technological factors allows to directionally adjust the
physicochemical properties of raw meat and the quality of
finished meat products. The paper investigates the possibility
of using the DSC to study the influence of monovalent
and divalent salts on protein thermal stability. In order to
determine the effect of sodium chloride and its substitutes,
potassium and calcium salts, on the thermal stability of
proteins, the studies were carried out with grinded pork
longissimus muscle samples salted with sodium chloride at
level of 2.0% and with salt compositions containing reduced
by 50% level of sodium chloride (a mixture of sodium and
potassium chlorides; a mixture of sodium, potassium, and
calcium chlorides) using the differential scanning calorimeter
DSC Q 2000 in the temperature range of 5°C to 100 °C
and the temperature change rate of 1 K/min. It was found
that the addition of potassium chloride instead of 50% of
sodium chloride had no significant effect on actin and myosin
resistance to thermal denaturation. Meat salting using the
mixture of sodium, potassium, and calcium chlorides resulted
in decrease of myofibrillar proteins stability indicating the
destabilizing effect of calcium on actin and myosin. A negative
correlation between the magnitude of the ionic strength and
the temperature of myosin and actin denaturation has been
found. The correlation coefficients were minus 0.99 and
minus 0.95 for myosin and actin respectively. Reduction of
denaturation temperature for myofibrillar proteins in the
presence of calcium chloride opens perspectives to study the
possibility of heat treatment at lower temperatures for meat
products with reduced sodium content

Introduction

Many scientific works of national and foreign scientists
studied the properties of protein components in meat raw
materials. However, most of the methods used to study the
physical and chemical changes of proteins during meat ageing
and processing are based on preliminary extraction of proteins
with various solvents, which considerably complicates the re-
search and increases labor input. In this context, it is interest-
ing to study the possibility of thermal analysis (calorimetry)
usage to determine physical and chemical changes in biologi-
cal components of meat, i.e. protein and fat. Thermodynamic



THEORY AND PRACTICE OF MEAT PROCESSING N1 | 2016

VICTIONIb30BAHMsI METOfja TePMIYECKOro aHami3a (Kanmopu-
MeTpuu) st M3ydeHus: PU3MKO-XMMIYECKUX VI3MEeHEHMI
OMOTIOrMYeCcKIX KOMIIOHEHTOB Msica — 6e/KOB 1 X1poB. Tep-
MOZAMHAMIYeCKye CBOJICTBA MsICa IMEIOT BXXHYIO POJIb IS
OITMMI3ALMY [TAPAMETPOB TEXHOTIOTMYECKIX IIPOLIECCOB, B
TOM UICTIe OX/IKIeHVst U 3aMopaxuBanus [1]. Vccnenosa-
HISI TePMOJIVIHAMWYECKMX XapPAaKTEePUCTUK PA3TINIHBIX BU-
JIOB MsICa, TIPOBEJIeHHbIe 3apPyOeXXHBIMI YIEHBIMM, MO3BO-
WA YCTAHOBUTH IIMKM TEPMOTPAMM, COOTBETCTBYIOLIE
TeMIleparype fAeHaTypanum MuosuHa (54-58 °C), axtuHa
(71-83 °C) m xomnarena (67 °C) ¢ momorupio auddepeHim-
anbHON ckanypytomeit kanopuMerpun (JCK) [2-5]. OnHa-
KO Psifi VICCTIEOBAHMII, IPOBEICHHBIX B IOCTIEHIE TOMBL,
CBUJIETETILCTBYIOT O CYIECTBEHHOM BIVMSHMM Ha (GopMu-
pOBaHME TEPMOAMHAMUYECKUX XapAKTEPUCTUK MSICHBIX
CUCTEM Pa3lUYHBIX PeLeNTYPHBIX VHTPEANEHTOB — II0Ba-
peHHoIT comy, muieBbIX (GocdaToB, CTaOMIN3ATOPOB MO-
JIVICaXapUHOI TIPUPONBI, OENKOBBIX HperapaToB 1 fp. [6-
10]. Tax, GOMBIIMHCTBO MCCIIEHOBAHMII CBU/IETENCTBOBANIO
O CMeILeHNN TeMIIepaTypbl feHaTypaluu OeIKOB Msca B
HPYUCYTCTBUY TTIOBAPEHHOM COMM B CTOPOHY HMU3KUX TeMIIe-
paryp. CormacHo pabote Thorarinsdottir u fip., cooTBeTCT-
BYIOLLMII MK TpaHCHOPMALMY aKTMHA TPECKM CMELayICs
ot 73,5 o 67,0 °C [7]. Fiala n Honikel ycTaHOBWwmM cHIDKe-
HIfe TeMIIEPATypbl eHATYPaLM U SHTAIbINY MUOPUOpH-
JIAPHBIX O€/IKOB MBIIIEYHOII TKAHY TOBSIVHBI, TI0OCO/IEHHO
xopuzioM Harpus [11]. Cxoxxue faHHBIe ObUIM ITOTyYeHBI
Kijowski 1 fip., KoTOpBIe 3apMKCHPOBaM CMEIeHe TeMITe-
parypbl JieHaTypauuy Muosusa ¢ 58,4 o 53,6 °C u akTuHa
ot 80,7 mo 64,0 °C, B pe3ynbTaTe BHECEHNA XJIOPU/A HATPUA
B KonyecTBe 10 40 I/71 B 9KCTPAKT MbIILIEYHbIX OeKOB [3].

OpHako, HeCMOTPS Ha BayKHYIO PO/Ib IIOBAPEHHOI COMMN
B IIpoliecce TIOCONA 1 BIVsIHNE ee Ha (opMupoBaHme Io-
TPeOUTENbCKUX XapPAKTEPUCTUK U MUKPOOMOIOIMYECKYIO
CTa6M/IBHOCTD MSICHON TIPOAYKILMY HEOOXOVIMO OTMETHUTb
TEHJICHIIMIO K CHVDKEHUIO COfleP>KaHusI XIOpyu/a HaTpus B
MSICHBIX TPOAYKTax 3a pybexoM. C Ieblo COKpaIlleHVsI
JIO3MPOBKY [IOBAPEHHOII COMY B MSICHOI IIPOAYKLIMI MHTe-
pec TpefcTaB/sieT UCIOMIb30BaHMe COMell, He COfepKalux
HaTpUiL, HO CIIOCOOHBIX BOCHONHUTH (DYHKI[MIOHATbHbIE
CBOJICTBA TIOBAPEHHOI COMY, B TOM UMCTIe COMIEHBIIT BKYC U
TEXHOJIOTMYeCKIIe XapaKTePUCTUKM (aKTUBHOCTD BOJIbI, BJIa-
TOCBSI3BIBAIOIIAS CIIOCOOHOCTD 1 T.1.) [12, 13].

[TprHUMas BO BHUMaHNUe BJIMsHME PA3/INIHBIX JO3UPO-
BOK X/IOpMIa HATPMsI Ha CTAOWIBHOCTD G€IKOB K TeIIOBOI
leHaTypaLy, a TAKXKE YIUTHIBAsI BO3PACTAOIIYIO MIPOBYIO
TEHJICHIIMIO K CHVDKEHVIO COfIep>KaHysl TOBAPEHHOI COMN B
MSICHBIX IIPOAYKTAX, LIe/IbI0 JAHHON PabOThI AB/LIIOCH U3-
y4eHVe BIVISTHUSL KOMIIO3UIIWIT COMell ¢ TIOHVKEHHbBIM CO-
iep)KaHyeM HaTpus Ha TeMIlepaTypy AeHarypauun 6emKo-
BbIX MonteKyn metopiom [ICK.

Marepuanbl I METOMbI

O6bekTaMu MCCTIeTOBaHWI CITY>KIIV 0OpasLbl IINHHET!-
IIel MBIIIIIbI CBMHMHBI 1] KaTeropuy, HOpofbl KpyIHas Oenast
JKEHCKUX 0C00eil 2-X TOIOBAIOr0 BO3PACTa, M3Me/IbYeHHbIe
Ha BOJIYKE 4Yepe3 OTBEPCTUA PEUIeTKM 2-3 MM M ITOCOJIEH-
Hble ITIOBAPEHHOI! CO/bI0 B KommmdecTse 2,0% 1 KOMIIO3ULIN-
samu cormeit Ne1 1 Ne 2 B KoimuecTBe afieKBaTHOM BHECEHUIO
2,0% xnopupa Harpus. 71 mocoma Msica UCIIONIb30BA/IV COIb
nosapennyo mumesyro no I'OCT P 51574, xmopup xamms
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properties of meat have an important role in optimization of
parameters of technological processes including cooling and
freezing [1]. Using differential scanning calorimetry (DSC),
in studies of thermodynamic characteristics of different meat
types carried out by foreign scientists thermogram peaks were
determined corresponding to denaturation of myosin (54-
58 °C), actin (71-83 °C), and collagen (67 °C) [2-5]. However,
in recent years a number of studies showed that the formation
of thermodynamic characteristics of different meat systems
are significantly influenced by ingredients in formulation, i.e.
sodium chloride, phosphates, stabilizer polysaccharides, pro-
tein preparations, etc. [6-10]. So, most of the research had the
evidence of protein denaturation temperature shift to lower
temperatures in the presence of sodium chloride. According
to Thorarinsdottir et al., corresponding actin transformation
peak for cod shifted from 73.5 to 67.0 °C [7]. Fiala and Honi-
kel have found the reduction of denaturation temperature
and enthalpy for myofibrillar proteins of beef muscle tissue
salted with sodium chloride [11]. Similar data were obtained
by Kijowski et al., which registered the shift of denaturation
temperature from 58.4 to 53.6 °C and from 80.7 to 64.0 °C for
myosin and actin respectively as a result of sodium chloride
addition to the extract of the muscle proteins in an amount of
up to 40 g/L [3].

Despite the important role of sodium chloride in salt-
ing process and its influence on the formation of consumer
characteristics and microbiological stability of meat products,
overseas there is a trend for reduction of its content in meat
products. In order to reduce the level of sodium chloride in
meat products the usage of salts containing no sodium, but
still possessing its functional properties including the salty
taste and technological characteristics (water activity, water
binding capacity, etc.) is of significant interest [12, 13].

Taking into account the effect of different levels of sodium
chloride on the resistance of proteins to heat denaturation
and considering the increasing global trend to reduce the so-
dium chloride content in meat products, the aim of this work
was to study the effect of salt compositions with reduced so-
dium content on the temperature of protein molecules dena-
turation by DSC.

Materials and methods

The objects of research were samples of second grade
pork longissimus muscle from Large White females in the
age of 2 years. The samples were ground in mincing ma-
chine with 2 to 3 mm grid and salted with sodium chloride
at the level of 2.0% and with compositions of salts No. 1 and
No. 2 at levels corresponding to 2.0% of sodium chloride.
Table salt according to GOST R 51574, potassium chloride
(analytically pure), and calcium chloride dihydrate (ana-
lytically pure) were used for meat salting. Salted meat was
stored at 4+2 °C for 2 days. In order to study the influence
of salt substitutes on meat protein resistance to thermal de-
naturation salted samples were studied by differential scan-
ning calorimetry. Calorimetry is a method for studying the
physical and chemical processes based on the detection of
thermal effects accompanying the transformation of sub-
stances in the conditions of temperature programming. This
method allows to register the heating (or cooling) curves of
the tested object, during the phase transformation of which
component (mixture of components) the heat is emitted or
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(XMIMIYeCKN 4VCTBIIT), X/IOPWJ, KbV ABYXBOIHbIA (X1-
MIYeCKY YMCTHIN). [TocoeHHOe MSCO XPaHWMITH TIPY TeMITe-
parype 4+2°C B Tedenue 2 cyT. [ u3ydeHMA XapaKTepa
B/IMSIHYS 3aMEHUTeIel COMY Ha CTabMIBHOCTD OEKOB Msca
K TeIUIOBOII JieHaTyparyy, ObUIN IIPOBeeHbl NCCTIeNOBAHNSA
MIOCOTIEHHBIX 00pasiioB MeTooM i depeHmanbHOM CKa-
HUpYIoLIeit KanopuMeTtpun. KanopumeTpus — MeTox mcce-
moBaHMS  (DUBMKO-XMMIIECKUX IIPOLIECCOB, OCHOBAHHBDII
Ha PErMCTPalMy TEIIOBbIX 3(h(hEKTOB, COMPOBOKIAIOIINX
IpeBpallleHVsi BEIeCTB B YCTOBUAX IPOrPaMMUPOBAHVI
TeMIIepaTypbl. ITOT METOJ II03BO/IsAET PUKCHPOBATH KPUBbIE
HarpeBaHVs (VM OXJIAK/EHNA) VICCTIeTyeMOro 00'beKTa, IIpu
(a3oBOM MpeBpaleHNN OFHOTO M3 KOMIIOHEHTOB (cMecu
KOMIIOHEHTOB) KOTOPOTO HMPOMCXOAUT BbIJie/IeHIIe WM TIO-
IJIOIeHNE TETUIOTHI U Ha KPUBOIL (TepMOrpaMMe) MOSIB/ISIIOT-
cs1 usnombl (mkn). B ocHoBe puddepenunanpHoro Merona
JI&XUT METOJl CPaBHEHVIsI TEMIIEPATYP MEX/Y M3MepsieMbIM
00pasIioM U 9TaIOHOM — TEPMUYECKM CTAOVIBHBIM MaTepu-
a7ioM, 6e3 a3oBbIX IIEPEXOOB, C TEMIIEPATYPOIl I/IABTeHNUS
(meHaTypauuy) 3HAYNTEIHHO BBINIE MHTEpPBAlTA TeMIlepa-
TYp, B KOTOPOM IPOBOAATCA MccnegoBanns [14]. Viccrneno-
BaHVsI IPOBOAMIN Ha AuddepeHIaIbHOM CKaHIPYIOLeM
kasopuMerpe DSC Q2000 ¢upmbr TA Instruments. [Ina
MIpOBeeHVsI aHa/m3a OBUTU VCIIO/Ib30BAHBI ATIOMIHIEBbIE
turmn. 1penensl nsmenenna temmneparyp ot 5 °C go 100 °C,
CKOPOCTb M3MeHeHM:A Temmneparypsl — 1 K/mun. Vismenenne
SHTAJIBIINY, T.€. SHEPII0, HeOOXOVIMYIO ISl IeHaTypalum
6enKa, IIpeCTaB/IAIONLYI0 COO0IT IIONIA/b MNKA, PACCINUTHI-
BaJIM 110 hopMyTIe:

60 [ d
49 o7

AH
dt

B

roe AH - sHTanemms, [x/T;

Q - KOMMYecTBO TEIIOTHI, BT

B - mocTosHHAsA CKOPOCTD HarpeBaHus, K/MuH;
t — Bpems, C.

t1

Pe3ynbrarsl 1 ux 06cyKaeHNe.

YunurbiBasi ~ MHOTOQYHKIVOHAJIBHOCTh — HOBApeHHOI
COMM TPV IPOM3BOJCTBE MACHON IPOAYKIY, B TOM YUCTIe
CYIIECTBEHHOE €€ B/IMAHME Ha BKYCOBbIE XapaKTePUCTUKI
TOTOBOTO IIPOAYKTA, CHVDKEHME XJIOpU/ia HaTPUA IIOB/IE€YeT
3a c000I1 yXy/IlIeHye OPraHONEITIYECKVX 11 (PYHKIMIOHA/Ib-
HBIX CBOVICTB MACHBIX IIPOJYKTOB, U KaK C/IE[CTBME CHIDKE-
HIfe KOHKYPEeHTOCIIocoOHOCTH npopykiuym. [To aToit mpu-
4yHe OBUIM IIPOBEMEHBbI IIpeBaPUTE/IbHbIE VCCIEIOBAHIA,
HO3BO/IMBILNE OLHUTD IierlecoobpasHocTb 3ameHbl NaCl
IPYTUMM XJIOPUaMI, B IIEPBYIO O4€pefb Ky U KaJIbLVi,
C YY€TOM VX B/IMSAHNE HA BKYC, BIarOCBA3BIBAIOLIYIO CIIO-
COOHOCTD M aKTMBHOCTb Bofbl. Ha ocHOBaHuM mpepBapu-
Te/IbHBIX VICCIIEOBAHNIT ObUIN IIPEM/IOKEHBI KOMITO3ULINY C
IIOHVDKEHHBIM Ha 50% copepyKaHyeM HaTpysi (KOMIO3MIVIS
Nel - cmech xmopuja HaTpuA U XJIOpUA Kansa; KOMIIO3M-
st Ne 2 — cMechb XJIOPUIOB HAaTPUs, Kayusl M KayIbLys).

PazpaboTaHHbIe KOMIIO3UIVN VICIIONIb30BAIN /LS TTIOCO-
J1a MsICa U OIIpefie/IeHNs CTaOVIBHOCT O€TIKOB K TEIIOBOI
TeHaTypaLVL.

CoracHo OTy4eHHOI B paMKax MCC/IeOBaHNII TepMO-
rpamme (prc. 1) B CBMHIHE, TOCO/IEHHON X/IOPUIOM HaTpusA
B KomuyectBe 2,0%, ObUIO 3aMKCHPOBAHO TPU NMKA —
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absorbed and peaks appear on the curve (thermogram). The
differential method is based on the temperature comparison
between measured sample and reference, thermally stable
material, without phase transition and with melting (de-
naturation) point that is significantly higher than the tem-
perature range of the study [14]. Investigations were carried
out using the differential scanning calorimeter DSC Q 2000
from TA Instruments company. Aluminum bowls were
used for analysis. Limits of temperature changes were 5 °C
t0 100 °C and the temperature change rate was 1 K/min. The
change of enthalpy, the energy needed for denaturation of the
protein, which is a peak area, was calculated by the formula:

t2
Ay 80 f d
B
tl

Q
—dT
dt
where AH is enthalpy, J/g;
Q - quantity of heat, W;
B - constant of heating rate, K/min;
t - time, s.

Results and discussion

Given the multifunctionality of sodium chloride in manu-
facturing of meat products including its significant impact on
flavor characteristics of final product, reduction of sodium
chloride would result in a deterioration in sensory and func-
tional properties of meat products, and, as a consequence, in
lowering of product competitiveness. For this reason, pre-
liminary research has been carried out allowing to evaluate
the feasibility of NaCl replacing with other chlorides, first of
all, potassium and calcium chlorides, regarding their impact
on taste, water binding capacity, and water activity. Based on
preliminary studies, compositions with 50% reduced sodium
content (composition No. 1 - mixture of sodium chloride and
potassium chloride; composition No. 2 - mixture of sodium,
potassium and calcium chlorides) have been proposed.

Developed composition were used for salting of meat and
for determination of proteins resistance to heat denaturation.

According to thermogram obtained under study (Figure
1), in pork salted with sodium chloride at level of 2.0% there
were three peaks - 30.98 °C (I), 48,85 °C (II), and 66.24 °C
(III) corresponding to fat melting point (I), temperature of
myosin denaturation (II) and actin denaturation (III) re-
spectively.

Partial replacement of sodium chloride with potassium
chloride did not lead to significant change in fat melting point,
as well as in the values of temperature peaks typical for myo-
sin and actin denaturation. However, it is worth noting that
the addition of potassium chloride contributed to increase in
enthalpy of thermal transitions of myofibrillar proteins (Fig-
ure 2), which is associated with more power for the denatur-
ation of proteins when using salting composition No. 1.

Addition of composition with calcium chloride instead
of sodium chloride initiated the decrease of myosin and
actin denaturation temperature, while the thermogram of
meat salted with this composition had smoothing of peak
typical for myosin denaturation, thus indicating a decrease
in the enthalpy of thermal transition as compared to sam-
ples salted with sodium chloride and with composition
No. 1. Furthermore, the addition of calcium chloride re-
sulted in reduction of the temperature range, in which actin
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Table 1. Salt compositions with reduced sodium content

Ta6muua 1. KoMmo3umuu comeit ¢ HOHVDKEHHBIM COflep>KaHUeM HaTpus

Salt level, % | dosupoBku comneii, %

Substitutes | HanmeHoBaHue cone3ameHuTeNel " —
Composition No. 1 | Kommozumps 1 Composition No. 2 | Kommnosuigus 2
Sodium chloride (NaCl) | Xnopup narpus (NaCl) 1.0 1.0
Potassium chloride (KCl) | Xmopup xamus (KCI) 1.2 0.6
Calcium chloride (CaCl) | Xnopup kanbuus (CaCl) — 0.8

30,98 °C (1), 48,85 °C (II) un 66,24 °C (III), 9T0 COOTBETCT-
BOBAJIO TeMIleparype ItasieHus xupa (I), remneparype
nenarypanyu muosusa (II) n aktuna (III).

YacriyHas 3aMeHa [IOBAPEHHOI COMM Ha XJI0pu/, Kaius
He IPUBOAWIA K CYIeCTBEHHOMY M3MEHEHUIO TeMIlepary-
pbl IUIABIEHMA JKMPA, 3 TAKOKe 3HAYEHNs TeMIIepaTypHbIX
IIMIKOB, XapaKTepHbIX /UL IeHaTypaLiyl MUO3MHA 1 aKT/HA.
OpnHako CTOUT OTMETUTD, YTO BHECEHNE XJIOPMIA KaJIy CIIO-
COOCTBOBAJIO YBEIMYEHIIO SHTA/IBIINM TEIUIOBbIX IIEPEXOfj0B
MUOPUOPMIIAPHBIX 6€KOB (pHC. 2), 9TO CBSI3aHO C Tpebo-
BaHMeM OOJIbIIEr0 KOJMYeCTBA SHEPTUM LA [eHATypaLm
0€/IKOB IIpY ITOCOJIe Msica KOMIIO3uIye 1.

BHeceHye KOMITO3MLIMY C XUIOPYJIOM Ka/IbLI/s B3aMeH II0-
BapEHHOII COMM MHMULUMPOBATIO CHIDKEHME TeM-
HepaTypbl JeHATYPaLM MIO3/HA Y aKTUHA, IIPU-
YyeM Ha TepMOrpaMMe MsIca, II0COJIEHHOTO JJAHHOI
KOMIIO3MLIVelt, HaO/IOIa/IoCh CITTKVBAaHMe VKA,
XapaKTepHOro I [eHaTypalyy MMO3MHA, YTO
CBUJIETE/ILCTBOBA/IO O CHIDKEHMI 3HTAJIbIINN Te-
IUVIOBOTO IIEpexofia 10 CPaBHEHMIO OOpasiamu,
IIOCOJIEHHBIMM XJIOPMJOM HAaTpyuA M KOMIIO3ULIM-
ei 1. Kpome toro, B pe3ynbTate BHECEHME XTTOPU-
fla Ka/IbIMA IIPU IOCONe MACA 3apUKCHPOBAHO
yMeHbllIeHNe MHTepBajIa TeMIlepaTyp, Ipu KOTo-
POM IPOUCXOAWIM JieHaTypallMOHHbIe M3MeHe-
HIS aKTMHA, YTO TAKXKe IPYBOANIO K CHIDKEHIIO
SHTAJ/IbIINN [eHaTypalyu aKTHHA. Tak, ecim i
00pasIioB, MOCO/IEHHBIX IOBAPEHHON COMBI0 U
KoMITo3u1Lyelt 1 MHTepBas Temieparyp ¢pasoBoro
nepexopia coctasul — 11,0+1,0 °C, To mpu mocore
KOMITO3MLIMEN 2, COfepyKallell XJI0puy, Kaablys
TAHHBIN ITOKa3aTeb yMeHbImIca o 6,0+1,0 °C.
Takum 06paszom, st feHaTypauyy Muopuopm-
JISIPHBIX O€/IKOB IIPY IIOCOTTe KOMIIO3UIIMETI COTel,
cofiep>Kallell Kayblyil, TpebOBa/OCh MeHbIlee
KOJIMYECTBO SHEPIMY 110 CPABHEHUIO C TpajyLiu-

OHHBIM IIOCOJIOM MsICA, YTO CBUJETENBCTBYET O 12 -

JIeCTaGV/INBUPYION[EM BIUSAHIM VIOHOB Ka/MbliA g

Ha GeIKOBble MOMEKYIbl. IlONyueHHble JaHHBE 1S 1 -

cormacoBeiBaNCh ¢ paboramu Starbusvik E. u 55"

JIp., YCTAaHOBUBIUMMIY JeCTabummsupytoumii od-  § £ 08

dexr Kampbuys Ha MuoGMOpWULIpHBIE OeKu Ez«

TOBAMMHBI [12]. E £ 06
Hecrabumsupyrommit apdekT Xmopuua Kamp- 5 £

st Ha MuOGUOPWUIADHBIE Ge/IKM, BEpOATHO,  E $ 04 -

OOBSICHSETCSI YCKOPEHVEM IpOTeo/3a IOf fieil- 5 5

CTBVEM JIOHOB KaJIbLIVsI, TAKMM OOpasoM JieHaTy- é 02

PALVIOHHbIe M3MEHEeHVsI HAYMHAIOTCS O TEIUIOBOI

00paboTKI, B CBSA3Y C YeM YMEHBIIAETCSI SHEPIUs, 0 -

HeoOxofMast is 00ecIIedeH sl TEIIOBOIL IeHaTy-
patyy MyosuHa U aktuHa. Kpome toro, BHeceH1e
XJI0pU/ia KA/IbLVIs IPUBOINT K CHYDKeHIo pH Msica,
npuOIDKas €0 K M309/IEKTPIIECKOil TOUKe, [P
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denaturation changes occurred, and that also decreased the
enthalpy of actin denaturation. For example, if the tempera-
ture range of phase transition for the sample salted with so-
dium chloride and composition No. 1 was 11.0+1.0 °C, then
when salting with composition No. 2 containing calcium
chloride this parameter decreased to 6.0+1.0 °C. Thus, for
myofibrillar proteins denaturation when salting with com-
position containing calcium less energy is required in com-
parison with traditional meat salting indicating the destabi-
lizing influence of calcium ions on protein molecules. These
findings are consistent with the work of Starbusvik E. et al.,
in which the destabilizing effect of calcium on beef myofi-
brillar proteins was found [12].

Puc. 1 Temneparypa feHaTyparyy 6€1K0B B IPUCYTCTBUN COTET
Figure 1 Temperature of proteins denaturation in the presence of salts

NaCl NaCI+KCl NaCl+KCl+CaCl2

B Muo3uH M akTUH

Puc. 2 VI3MeHeHMe SHTANBIINN fAeHaTypaunmn 6€HKOB B MPUCYTCTBUN Pa3HBIX coreit
Figure 2 Protein denaturation enthalpy change in the presence of various salts
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KOTOpOI Oe/IKyt HamMeHee ycToiauBbL. Eme ofHMM BO3MOX-
HBIM OO'bSICHEHNEM B/IVISIHVISL X/IOpUIA KaIbLVisI Ha CHVDKEHNe
CTaOWIBHOCTI OEKOB K TEIUIOBOI 0OpabOTKe SIB/ISIETCS €ro
B/IVISTHIE HA YBe/VYEHVe VOHHON Cciyibl. Maremarideckas 06-
PpaboTKa IO/TyYeHHBIX JAHHBIX TT0Ka3a/Ia, YTO M3MEHEHNe TeM-
THIepaTypbl IeHATYPAIy Oe/IKOB C YBe/IYeHVIeM VIOHHOI CHJIBL,
CO3IaBaeMOl1 33 CUYeT BHECEHUSI MOHO- U [IBAJIEHTHBIX COMEN
IIPOVICXOAIVIO TI0 SKCIIOHEHI[a/IbHOMY 3aKOHY:

Y = geb*

re:

Y - Temmeparypa leHaTypanuu 6enka, COOTBETCTBYIO-
11as 3HaYeHUIo uKa Ha TepMorpamme °C;

X - MOHHasA CHUIa, CO3JaBaeMas 3a CYeT BHECEeHUS
Coj1eli, MOJIb/;

a, b — K09 PuLVEeHTDI 9KCIIOHEeHI[aTbHON (PYyHKINN.

AHanm3 TOTyYeHHBIX NAHHBIX HOATBEPAWI Hajlndue
OTPUIIATE/TbHO KOPPEIALVIOHHON 3aBUCUMOCTI MEX[Y
BE/IMYMHON VIOHHOI CUJIBI U TeMIIepaTypoil IeHaTypaLyn
MUO3MHA ¥ aKTUHA - abCOMIOTHAs BennyuHa Koadpduiu-
€HTOB KoppenAuun cocrasuna Munyc 0,99 u munyc 0,95
COOTBETCTBEHHO.

BriBogbr

VccnenoBanus feHaTYpalMOHHBIX M3MEHEHMIT 6eIKOB
¢ moMomIbio nddepeHIaTbHON CKaHNPYIOLIell Kalopn-
METPUI PaCIIMPAIOT Hay4YHbIE IIPEICTAB/IEHNA O XapaKTepe
JIeVICTBYSI MOHO- Vi JVIBaJIEHTHBIX COJTEl Ha TEPMOCTAOWIb-
HOCTb OCHOBHBIX MUO(QUOPUIIAPHBIX O€IKOB — MIO3MHA
U aKTMHA. TepMorpaMma IOCOTEHHOTO MsACa MO3BOINIIA
3a(VIKCHPOBATh TPYU IMKA, COOTBETCTBYIOLINX TeMIIepaTy-
peé IIaB/IeHN X1pa, TeMIlepaType IeHaTypaluy MIO3VHA
I aKTMHA. B Xofle IpOBEeJeHHbIX MCCIE[OBAHNI YCTaHOB-
JIEHO, YTO MCIIOJb30BaHMe I ITocoia Msca B3aMeH 50%
IIOBApEHHON COMM X/I0py/ia Kaays He IIPUBOJWIIO K Cyle-
CTBEHHOMY M3MEHEHMIO TEMIIEPATYPBI JeHaTypaluy MIO-
GUOPUUIAPHBIX OEKOB C OJJHOBPEMEHHBIM YBeTMYEHUEM
SHTAJIBIINY TEIUIOBBIX IlepexonoB Myuo3nHa — Ha 0,05 K/t
u akTuHa — Ha 0,17 IK/T.

Ilocon Mfca ¢ MCHOMb30BaHMEM KOMIIO3MIIM COJIEN,
cofep)Kallleil XJIOpuf, KalbLMs, IPUBOAWI K CHVDKEHUIO
TeMIlepaTypbl JeHaTypanuy akTuHa 1o 63,78 °C u criaaxu-
BAaHMIO NJKA, COOTBETCTBYIOLIETO A NE€HATYPALMN MMO-
3UHa, @ TAK)Xe YMEHDIICHNIO 9Hepruu, HeoOXO[MO s
TEIUIOBBIX IIEPEXO0f[0B MUOPUOPUUIAPHBIX OEIKOB, B TOM
4yICTIe 3a CYET COKpallleHN: MHTEpBaja TeMIepaTyp JieHa-
TYpaLMOHHBIX M3MeHeHMiT. TakuM 06pa3oM, 04eBUIHO, YTO
0CO0EHHOCTH BIVSIHMS MOHOB KajIbLins Ha PU3MKO-XMUMM-
YecKie U OMoXMMITIecKie CBOMCTBA Msica — CHIDKeHue pH,
yBeIMYEHNE IOHHOM CUJIBI, YCKOPEHME IPOTEOTUTUIECKIX
U3MEeHEeHUl1, OO0yC/IaBIMBAIOT €ro JeCTaOVIN3UPYIONIL
3 deKT Ha TeIUIOBYIO YCTOYMBOCTD OENKOBBIX MOJIEKYIL.
Ha ocHOBaHMU NOTy4YeHHBIX JAHHBIX YCTAHOBJIEHBI KO9(-
(ULIMEHTD KOPPENALUN MeX/Y BeTMYIHON VOHHOV CUJIbI
U TeMIIEPATypPOIi AeHaTyPaLVy MMO3/HA I aKTWHA - MUHYC
0,99 n munyc 0,95 COOTBETCTBEHHO.

[Tony4yeHHble pe3yIbTaThl IO CHIDKEHWIO CTaOWIb-
HOCTK 6€/KOB B IIpOIjecce IOCOa MsCa IPENCTABIISAIOT
uHTepec il 0O00CHOBAHUS ONTUMA/IbHBIX PEXUMOB Te-
IUIOBOJ 0OpabOTKY MACHON MPORYKLMYU C HOHVKEHHBIM
cofep>KaHueM HaTpHsL.

23

The destabilizing effect of calcium chloride on myofi-
brillar proteins is probably due to proteolysis acceleration
because of calcium ions activity. Thus, denaturation begins
prior to heat treatment, therefore decreasing the energy
required for heat denaturation of actin and myosin. Fur-
thermore, the addition of calcium chloride reduces the pH
of meat moving it closer to isoelectric point, at which the
proteins are least stable. Another possible explanation for
the influence of calcium chloride on decrease of protein re-
sistance to heat treatment is its effect on increase in ionic
strength. The mathematical processing of the obtained data
shows that the change in the temperature of proteins dena-
turation with increasing ionic strength due to addition of
monovalent and divalent salts is exponential:

Y = geb*

where:

Y - denaturation temperature corresponding to peak
value on the thermogram, °C;

x - ionic strength created by addition of salts, mole/L;

a, b - the coefficients of exponential function.

Data analysis confirmed the existence of a negative cor-
relation between the magnitude of ionic strength and the
temperature of myosin and actin denaturation; the abso-
lute value of the correlation coefficient was minus 0.99 and
minus 0.95 respectively.

Conclusion

Research of denaturation changes in proteins by differ-
ential scanning calorimetry expands scientific understand-
ing of the nature of monovalent and divalent salts action on
thermal stability of main myofibrillar proteins, myosin and
actin. Thermogram of salted meat allowed to register three
peaks corresponding to fat melting point and denaturation
temperatures of actin and myosin. During the research it
was found that the usage of meat salting with potassium
chloride instead of 50% of sodium chloride did not lead to
significant changes in denaturation temperature of myo-
fibrillar proteins with simultaneous increase in thermal
transitions enthalpy of myosin and actin by 0.05J/g and
0.17 J/g respectively.

Meat salting using the compositions containing cal-
cium chloride resulted in decrease of actin denaturation
temperature to 63.78 °C, in smoothing of peak corre-
sponding to myosin denaturation, and in reduction of
energy required for thermal transitions of myofibril-
lar proteins, particularly by reducing the temperature
range of denaturation changes. Thus, it is obvious that
the influence of calcium ions on the physicochemical
and biochemical properties of meat, i.e. lowering the pH,
ionic strength increase, proteolytic changes accelerating,
causes its destabilizing effect on the thermal stability of
protein molecules. Based on the data received, correla-
tion coefficients between the ionic strength and denatur-
ation temperature of myosin and actin are determined as
minus 0.99 and minus 0.95 respectively.

The results for reduction of proteins stability dur-
ing the meat salting are of interest to study the optimum
heat treatment conditions of meat products with reduced
sodium content.
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