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THE EFFECT OF CONVENTIONAL AND SHOCK FREEZING ON DRIP
LOSS AND TEXTURAL PARAMETERS OF BEEF MEAT

B/IIMIAHUE TPAAUIIMOHHOT'O NJIN ITOKOBOTI'O
3AMOPAKUBAHUA HA ITOTEPU ITPU PASMOPAKMBAHNN N
CTPYKTYPHO-MEXAHMNYECKUME XAPAKTEPUCTHUKN T'OBAOVNHDI

Kral M., Honzirkova K., Pospiech M., Tremlova B., Zdarsky M.
University of veterinary and pharmaceutical sciences, Brno, Czech Republic

KnroueBbie cmoBa: 3amopaxcusaxue, eos;zauna,

8credcmaeue 8blmMeKaHus COKa, HECMKOCMb

nomepu

AHnnomauyus

Vzyuanu enusnue mpaouyuoHHo20 U U0K08020 3AMOPANCUSAHUSL
HA nomepu coxa Npu PasmMopPaIUBaHUU U HECKOCMb 2080U-
Hot. O6pasupl MAca ObLIL 3aMOPOKHEHDL 6 MPAOULUOHHOM MOPO-
sunvHom annapame npu -18 °C, 6 mo eépems kax memnepamypa
06pasiy06 mACa, NO0BEPZHYMbIX UIOKOBOMY 3AMOPANUBAHUIO, 00-
cmueana -50 °C. ITomepu 6credcmeue 6vimeKanust COKa UsMepsu
nyméM 636eUiU8aHUs 00pa3Ua MACA 80 BPEMS PASMOPANUBAHUS.
Onpedenerue yécmkocmu nposooUIU HA AHATUIAMOPe MeEKCY-
pot TA-XT Plus Texture Analyzer ¢ ycmpoticmeom Bonookesuua
071 ecmuposanus cusvt pesanus. He 6vi10 ycmanosnero pasnu-
YUl 8 HECMKOCMU U NOMEPSX 6CEOCINEUE BbIIMEKAHUS COKA NPU
DPASMOPANCUSAHUU MENOY MPAOUUUOHHDIM U ULOKOBLIM 3aMOPA-
HUBAHUEM, 3 UCKTIIOUEHUEM Ce0bMO20 OHSL.

BBenenue

3aMopakmBaHue SIBSETCS PACIHpOCTPAHEHHON Ipa-
KTUKOJ B MsCHOJ IPOMBILIIEHHOCTH Il COXPaHEHMNs
KayeCcTBa 1 0€30MacHOCTM MsCa B TedeHue IPOFOTDKU-
TenbHOTO nepuopa Bpemenn (Leygonie et al., 2012). 3amo-
paKMBaHMe ¥ pa3MOpaKuBaHue (OTTalBaHKE) B OCHOB-
HOM OKa3bIBAIOT BJIMsIHME Ha BOfHbIe ppaxuyu Maca. Tak
KaK BOJa COMEPXKUTCS BHYTPU U MEX[Y MbIIIEYHBIMU
BOJIOKHaMM MsICa, TO B TKaHAX CO3MAIOTCSI KOMITAPTMeEH-
TBI, KOTOPBIE OCNIOXKHSIOT mporjecc. [o Mepe 3amMopakm-
BaHMs BOJBI KOHIIEHTPALMsl OCTABIINXCS PACTBOPUMBIX
BeleCTB (Oe/Ky, yITIeBOABI, UMMM, BUTAMWHBL I MU-
HepaJ/ibHbIe BeI[eCTBA) YBEeMNYMBAETCS, TAKMM 00pa3oMm,
Hapylllasg TOMeOCTa3 CJI0YKHOM MsACHOM CHCTEMbI (Lawrie,
1998). B nuteparype 00LIeIPU3HAHO, YTO HEKHOCTD MsACA
YBeIMUYMBACTCS C 3aMOPAXKMBAHIEM U pa3MOPaXXBaHIEM
npu usMepenuu nukosoro ycunus (Farouke et al., 2003,
Lagerstedt et al., 2008). YueHbIMM OBIIO YCTAHOB/IEHO, YTO
3aMOpaKMBaHNe U PasMOPaKMBaHMe MICa CHIDKAIOT ero
kauectBo (Vieira, Diaz, Martinez, & Garcia-Cachan, 2009)
M BBI3BIBAIOT MOBPEXJEHNUE YIBTPACTPYKTYPHI MBbIIIEY-
HBIX K/IETOK, IIPUBOJS K BBICBOOOX/IEHNIO MUTOXOH/IPY-
QJIPHBIX 1 IM30COMHBIX (DEPMEHTOB, FeMOBOTO >Kejie3a U
APYIUX MPOOKCUAAHTOB. UTO HMPUBOAUT K YBETUYEHUIO
CTeIIeHU U CKOPOCTH oKucneHus 6enkos (Xiong, 2000).

PasmopaxuBaHye 00BIYHO IPOVCXOANUT HAMHOTO MefI-
JIeHHee 110 CPaBHEHMIO C 3aMOPa)KMBAHMEM U BBbI3bIBAET
XxuMmdeckne u puandeckue M3MepeHNs ¥ MOBPEKAEHNs
tkaHeit (Li and Sun, 2002). ITenpio gaHHOI paboThI 6BITO
u3y4eHye BAVSHNA TPAAUIIMOHHOTO U IIOKOBOTO 3aMOpa-
JKMBaHVSI Ha TIOTEPY MSICHOTO COKa MY PasMOpPaXMBaHNUA

U YKECTKOCTD TOBAOMHBI.

Keywords: freezing, beef, drip loss, firmness

Abstract

The effect of conventional and shock freezing on thaw drip loss and
firmness of beef meat was studied. The meat samples was frozen
in conventional freezer at -18 °C and shock frozen meat samples
reached -50 °C temperature. Drip loss was measured by weighing
the meat sample during thawing. The firmness was performed with
TA-XT Plus Texture Analyzer with the volodkevich bite jaws.
The firmness score and thaw drip loss differences did not been
recognized between conventional and shock freezing meat
excluding 7th day.

Introduction

Freezing is a common practice in the meat industry
to preserves meat quality and safety for an extended time
(Leygonie et al., 2012). Freezing and thawing mainly in-
fluence the water fraction of meat. Since the water is con-
tained within and between the muscle fibres of the meat,
compartments are created in the tissue, which compli-
cates the process. As the water freezes, the concentration
of the remaining solutes (proteins, carbohydrates, lipids,
vitamins and minerals) increases, thereby disrupting the
homeostasis of the complex meat system (Lawrie, 1998).
There is general agreement in the literature that the ten-
derness of meat increases with freezing and thawing when
measured with peak force (Farouke et al., 2003, Lagerstedt
et al., 2008). Freezing and thawing of meat has been found
to reduce its quality (Vieira, Diaz, Martinez, & Garcia-
Cachan, 2009) and cause damage to the ultrastructure of
the muscle cells with the ensuing release of mitochondrial
and lysosomal enzymes, haem iron and other pro-oxi-
dants. These increase the degree and rate of protein oxida-
tion (Xiong, 2000).

Thawing generally occurs much slowly than freezing
and causes chemical and physical changes and tissue dam-
age (Liand Sun, 2002). The aim of this work was to investi-
gate the effects of conventional and shock freezing on thaw
drip loss and firmness of beef meat.
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Marepuanbl I METOMbI

Msco

ToBspxmit ¢ueit ¢ pasmepamu 16x11x6 cM Hapesann
BPYYHYIO Ha 5 KyOMKOB C pasMepaMu CTOpoH 4,5 cm. Kax-
JIbIiT KyOUK ObIT 00€pHYT B OMMATVICHOBYIO IIEHKY IS
IpefoTBpalleHNs 00e3BOXXIBAHNA IOBEPXHOCTI BO Bpe-
Ms 3aMOpa’KMBaHMA.

Tpaouuyuonnoe 3amopaxueanue

O6pasibl 06pabaThIBaIN IPY OFHUX U TEX XKe YCIOBU-
X B Mopo3wibHOI Kamepe (ARDO MPC 200) npu Tem-
neparype -18 °C. ITocie 3aMopakuBaHus 06pasibl ObIIN
Cpasy ke HaIpaB/eHbl Ha XxpaHeHue npu -18 °C as Ha-
6mofieHns 3a 3¢ pekToM XpaHeHus.

Illoxoeoe 3amopancueanue

O6pasibl Msca ObIIN ITOTIO>KEHbI HA CTE/UIAK B MOPO-
31IbHOI Kamepe. O6pasibl MAca IOC/Ie pa3MelleHus Ha
CTeNIaKaX B MOPO3IWIBbHON KaMepe 3aMOPaXMBA/IN IIpU
temneparype -50 °C. 3amopakuBaHye ObIIO IpeKpalle-
HO, KOT/]a TeMIIepaTypa B IleHTpe o0paslia Msca JOCTUTa-
na -50 °C. ITocne 3amopaxuBaHus 00pasLbl ObIIN Cpasy
JKe HallpaB/ieHbl Ha XpaHeHue npu -18 °C mjisa Habmrozie-
HUA 32 9P (HeKTOM XpaHeHMsL.

Ilomepu coxa npu pasmopaxueanuu

O6pasipl Msica ObUIM MOMEIeHbl Ha PeIleTKy BHY-
TPU CTEK/IAHHON €MKOCTM Ha PacCTOSHMM 3 CM OT JjHa
(20x20x10 cM), 3aKpBITON NPYDKMMHON KpbImkoi. Cre-
K/ISIHHAasl eMKOCTb 3aTeM Oblla ITOMellleHa B TepMOCTa-
THYeCcKN KoHTponupyemyo kamepy (SP 90 BVEHF) npnu
10 °C p1s1 BbIpaBHMBAHMsI T€MIIEPATyphl, YTO OBIIO [0-
CTUTHYTO B TedeHue 15 4. IloTrepn coka usMepsAnn myTeM
B3BeLINMBaHMA 00pasIia MaAca BO BpeMs pasMOpPaKIBAHNA.
[ToTepu coka ObIIV pacCUNTAHBI CTIEAYIOUIM 00Pa3oM:

wO - wt
Iorepu coxa =7 100

w0 1 wt - 9T0 Bec KyOMKOB Msca B Iiepuoy BpemeHu 0

IIepUOJ, BpeMeHN t BO BpeMs pasMOPa kKMBaHNA

I/Ismepeuue necmkocmu

VsmepeHne >XeCTKOCTM NPOBOAM/IM Ha aHA/IMU3aTOpe
tekcTypsl TA-XT Plus Texture Analyzer (Stable Micro
System, Surrey, Benuko6puranus) ¢ ycrpoiictsom Bomop-
KeBMYa NIl TeCTUPOBAaHUA CUIbl pesaHus. Ilapamerpbl
ObUIV BBIBEPEHBI IIPY CKOPOCTH NIPEIBAPUTEILHOTO TeCTa
8 MM/c, CKOpOCTU TecTa 4 MM/C M CKOPOCTHU IOCT-TecTa
10 MM/c. Bce 06pasupl 661 HapesaHsl 10 60% OT UX uc-
XOIHOTO pasMepa. 30HJ ObUI OPMEHTHPOBAH IepIIeH/IN-
KY/IADHO MBIIIEYHBIM BOJIOKHAM U M3MEPEHMs IPOBOJU-
¥ IpY KOMHATHOJ TeMIleparype.

CraTucTmyecKuini aHaaus3

CraTucTiyeckye aHamm3bl ObUIN IPOBEEHBI C VICIIONb-
soBanmem mporpammbl Unistat 6.1, (Unistat Ltd., 2012,
Yemrckasn Peciy6nuka). Bein nmpoBefieH IByX(aKTOPHBII
mucnepcuonHblit ananusd (ANOVA) pmns ompemenenust
3HAYVMMBIX Pas3IN4uii B NOTEPsIX BCIEACTBME BBITEKAHUA
COKa I >KeCTKOCTYU MEXAY ABYMs Pa3/INYHBIMU METOAMMI
3aMOpaKMBaH.

Materials and methods

Meat

Pieces of beef loin about 16x11x6 cm were manually cut
with a sharp knife in 5 cubes having a 4.5 cm edge. Each
cube was wrapped in polyethylene film to avoid superficial
dehydration during freezing.

Conventional freezing

Samples were treated under the same conditions in a
freezer (ARDO MPC 200). The temperature was -18 °C.
After freezing samples were immediately stored at -18 °C
for observed storage effect.

Shock freezing

Meat samples were placed on a rack in a freezer. The
temperature was fixed at -50 °C. Freezing was stopped
when the temperature in the center of the meat samples
reached -50 °C. After freezing samples were immediately
stored at -18 °C for observed storage effect.

Thaw drip loss

The meat samples were placed on a rack at 3 cm dis-
tance from the bottom of a glass vessel (20x20x10 cm)
closed with a pressure lid. The glass vessel was then in-
troduced in a thermostatically controlled chamber (SP 90
BVEHF) at 10 °C to allow thermal equilibrium, which was
reached within 15 h. Drip loss was measured by weighing
the meat sample during thawing. The drip loss was calcu-

lated as follows:

w0 - wt -100

Drip loss = w0

w0 and wt are the weights of the meat cube at time 0
and time t during thawing

Firmness measurement

The firmness was performed with TA-XT Plus Tex-
ture Analyzer (Stable Micro System, Surrey, UK) with the
volodkevich bite jaws (HDP/VB) probe. The setting was
adjusted at a pretest speed of 8 mm/s, a test speed of 4
mm/s and a posttest speed of 10 mm/s. All samples were
cut to 60% of their original. The probe was oriented per-
pendicular to the muscle fibers, and measurements were
made at ambient temperature.

Statistical analysis

Statistical analyses were performed using the program
Unistat 6.1, (Unistat Ltd., 2012, Czech Republic). Two-way
analysis of variance (ANOVA) was performed to deter-
mine significant differences in thaw drip loss and firmness

between two different freezing methods.
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Pe3ynbrarsl 1 06cyxeHne

ToBsxmit ueit 6bUT 3aMOPOXKEH BYMS Pas3/IMIHbI-
MU METOJaMI, IIOTePY COKa M YKECTKOCTb OIpeNeIaIn B
TeyeHue yeThIpex ¢as.

[ToTepn coka B LI€JTOM CINTAIOTCS CBA3AHHBIMI CO CKOPO-
crbio 3amMopaxkuBanuA (Afién and Calvelo 1980) u ry6unoit
HOBPEX/EHN MBIIIEYHON CTPYKTYPBI B IIPOIIecce 3aMOopa-
>xuBanus (Kondratowicz et al., 2006). CpenHue 3Ha4eHus HO-
Tepb TeCTUPOBAHHBIX 3aMOPOXKEHHbIX 00PasLIOB, BC/IEACTBIE
BBITEKaHIISI COKA VI )KECTKOCTY, IIPECTAB/IeHBI B TAOT. 1.

Results and discussion

Beef loin was frozen by two different methods and the
thaw drip loss and firmness was determined during four
phases.

Thaw loss is generally considered to be related to
freezing rate (Afién and Calvelo 1980) and a measure of
damage to the muscle structure by the freezing process
(Kondratowicz et al., 2006). The mean values of frozen
samples tested for thaw drip loss and firmness are de-
picted in Table 1.

Table 1 Thaw drip loss and Firmness previously frozen under different conditions and phase
Ta6n. 1 IloTepu coka ¥ )XeCTKOCTh 00pa31[0B, IPETBAPUTENHHO 3aMOPOKEHHBIX IIPU PAa3HBIX YCIOBUSX I dasax*

Thaw drip loss (%) | .
Freeze phase (days) | Iotepu coka mpu pasmopaxxusanuu (%) Firmness (N) | XKecrxocrs (N)
m . .
asd 3a1v2;£;1[>)1< HBAHIBE  oh, freezing | moxoBoe Co. freezing | Sh. freezing | moxoBoe Co. freezing |
TPafUIIOHHOE TPafUIIOHHOE
3aMOpaKIBaHIe 3aMOpaKMBaHIe
3aMOpaKMBaHUe 3aMOpaKMBaHIe
13,291+2,37 12,876+1,03 13,21+2,80 15,325+0,71
7 11,651°+0,50 15,079°+3,20 7,56%+0,82 10,010°+1,91
30 12,534+0,04 9,836x1,65 9,65£1,99 12,883+2,66
90 12,032+2,50 9,474+0,30 9,67+1,64 7,950+3,48

*Means in same row with same letter were significantly different (p < 0.05).

Sh. freezing - shock freezing, Co. freezing — conventional freezing

*CpepHyie 3HAYEeHS B OJ{HOM M TOM JKe PAY C OfHMMI M TeMI >Ke OYKBEeHHBIMI 0003HAYeHUAMM PasIyaroTcs focTosepHo (p < 0,05).

[ITokoBOe 3amMOpakMBaHMe Msica MPUBOANTIO K Gojee
BBICOKOMY ITPOLIEHTY ITOTepPb BCIEACTBYIE BOITEKAHIA COKa
Ha 0, 30 1 90 [HM 1O CPaBHEHMIO C TPAANLVIOHHO 3aMOPO-
JKeHHBIM MsACOM. C Ipyrol CTOPOHBI, Ha 7 IeHb 3TOT IIPO-
1eHT ObU1 focToBepHO Bbie (p <0,05) B TpagMIMOHHO
3aMOPO>KEHHOM MsiCe.

Anon and Calvelo (1980) ycTanoBWIL, 4TO B TOBSIVHE, 3a-
MOPO>KEHHOI IIPM XapaKTepPHOM BpeMeHM 3aMOPKMBaHIS
17 MUH., IOTepM BCTIECTBYE BBITEKAHNS COKa ObUIM Hamboree
BBICOKVMMU, TIOCTIE Y€r0 OHM CHVDKAIIUCH JIO JOCTVDKEHVS POB-
Horo rwrato. HamBpicimas CKOpOCTh 3aMOpaXMBaHMsi ObUia
Ha TOBEPXHOCTH, OJHAKO CKOPOCTb 3aMOpaXMBaHMsI ObUia
MeHbIIIEe NPEETbHBIX 17 MUHYT. MOXKHO CAIE/IaTh BBIBOZ, YTO
Bech oOpaser; Msica (MbIIIIA) TePsUT OMHAKOBOE KOMYECTBO
JKVMIKOCTY TIPY KOKIOM VIHTepBajIe IBMEeHEHNIT TeMIlepaTypbl
U, TaKM 00pa3oM, He OKa3bIBa/l B/IVsIHIE Ha [OTEPIO BIIATMA.
Lambert et al., (2001) oTMeTIIL, 4TO BEMMUMHA TIOTEPb BCTIENCT-
Bl BBITEKaHVISI COKa IIPY PasMOPXMBAHIU OTPaXKaeT BbICBO-
OoKTIeHVe BHYTPUK/ICTOUYHBIX KOMIIOHEHTOB, KOITIa KPVCTaI-
JIBI JIbJIA Pa3pBIBAIOT MeMOpaHy BOIOKOH. Korya Bozia BbITekaeT
U3 MsICa BO BpeMsl PasMOPKMBAHSL, TO MbIIIEYHbIE BOJIOKHA
COJIepIKAT MeHblllee KOMYeCTBO BOJIBL; TAKIIM 00pa3oM, YBeu-
YMBAETCS YKECTKOCTD M#ACA B Pe3y/IbTaTe COKPAILeHI BOJIOKOH,
B CBOIO O4Yepe/ib, YBE/IMUMBACTCS IVIOTHOCTD BOIOKOH Ha IUIO-
IIajib MOBEPXHOCTY, IIPUBOJIA K YBEMMUMBAIO YV, HEOOXO-
IVIMYIO [T paspesaHy BomokoH (McMillin, 2008).

Bhattacharya et al., (1988a) coo6upin, 4T0 MOpPO3MIbHOE
XpaHeHMe OKa3bIBali0 HeO/IArOIpUATHOE BIIVSIHME HA YCU-
/e Cpe3a B TOBSDKBUX KOT/IETAaX IIPY YBEeIMYEHNI BpeMeHN
xpaHenyst. OneHKa YKeCTKOCTM B HallleM 9KCIepPUMEHTe sl
TPaJMIIOHHO 3aMOPO>KEHHOTO Msica ObUT BBILLIE TI0 CPaBHe-
HIIO C MSICOM, TTOfIBEPTHYTBHIM LIOKOBOMY 3aMOPXVBAHUIO,
Ha 0, 7 1 30 gHM, HO 3HAYMMOE pa3/rdue HaOIIONA/IN TOJIBKO
Ha 7 fieHb m3MepeHus. Ha 90 feHb >keCTKOCTb [jI Tpaju-
[JIOHHO 3aMOPO’KEHHOTO Msica ObUIa HIDKE 10 CPAaBHEHMUIO
C MACOM, IOIBEPTHYTHIM IIOKOBOMY 3aMOPaXVMBAHMIO.

Shock frozen meat had a higher percentage of thaw drip
loss on 0, 30th and 90th day compared with conventional
frozen meat. On the other side on 7th day of freezing was
significant higher (p <0.05) percentage observed in con-
ventional frozen meat.

Afén and Calvelo (1980) found that in beef frozen at
a characteristic freezing time of 17 min, the drip loss was
at its greatest, after which it decreased to reach a linear
plateau. In this investigation, the fastest freezing section
(surface) was already slower than the 17 min barrier there-
fore it can be deduced that the entire meat sample (mus-
cle) lost the same amount of fluid at each rate interval in
the temperature gradient that formed in the muscle dur-
ing freezing and thus did not influence the moisture loss.
Lambert et al., (2001) noted that the amount of thaw drip
loss reflects the release of intracellular components when
ice crystals rupture the fiber membrane.

As water leaches out of the meat during thawing the
muscles fibres become less hydrated, the meat thus increas-
es in toughness due the shrinkage of the fibres, which in
turn increases the density of fibres per surface area increas-
ing the force necessary to shear through the fibres (McMil-
lin, 2008).Bhattacharya et al., (1988a) reported that frozen
storage adversely affected shear strength of beef patties,
which increased with storage time. The firmness score in
our experiment of the conventional frozen meat was higher
than shock frozen meat on 0, 7th and 30th day, but signifi-
cant difference (p < 0.05) was observed only on 7th day of
measurement. On 90th day was firmness score in conven-
tional frozen meat lower than shock frozen meat. The other
authors have reported that frozen storage had no effect on
the texture of restructured beef steak (Esguerra, 1994).


http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2010.02037.x/full#b6
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2010.02037.x/full#b29
http://www.sciencedirect.com/science/article/pii/S0309174012000654#bb0010
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2010.02037.x/full#b32
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2010.02037.x/full#b6
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2010.02037.x/full#b29
http://www.sciencedirect.com/science/article/pii/S0309174012000654#bb0010
http://onlinelibrary.wiley.com/doi/10.1111/j.1750-3841.2010.02037.x/full#b32

2016 | N?1 TEOPUSI U NPAKTUKA NEPEPAGOTKWU MSICA

Jlpyrue aBTOpBI COOOIIAMN, YTO MOPO3UILHOE XPAaHEHe He
OKa3bIBAJIO BJIVSAHME Ha TEKCTYPY PecTPYKTYPHPOBAaHHOTO
roBsoKbero creiika (Esguerra, 1994).

BriBogbr
He 6bUM yCTaHOBJIEHBI PAa3/IM4Ms B )KECTKOCTI U IO-

Conclusion

The firmness score and thaw drip loss differences did
not been recognized between conventional and shock
freezing meat excluding 7th day. According to these results
conventional freezing can be used as alternative for spe-

cialized freezing. Conventional freezing can be used with-

TepAX COKa IIPY pasMOpakMBaHUI B MsACE, IIOLBEPIHYTOM e >
out the decrease of quality in home meat production.

TPAAMLIMOHHOMY M IIOKOBOMY 3aMOPa)XVMBAaHMIO (OTTam-
BaHMIO), 33 MCK/TIOUEHEM 7 THS. B cooTBETCTBMY C 9TUMMI
pesynbTaTaMy TPafMIIIOHHOE 3aMOPaKMBaHNE MOXKET
OBITh MCIIONBb30BAHO KaK ajibTepHATMBA CIIELUATN3UPO-
BAaHHOMY 3aMOpaXMBaHMIO. TpayIIOHHOE 3aMOpPaXU-
BaHIe MOXKET OBITh MCIIO/Ib30BAHO 0e3 pucKa CHIDKEHUS
Ka4decTBa IPUTOTOBIEHNA MsACa B JOMAIIHNX yCIOBUAX.

BUBJIMOTPA®VIYECKNN CIIICOK / REFERENCES

1. Leygonie, C., T.J. Britz, and L. C. Hoffman. 2012. Impact of freezing and thawing on the quality of meat . Meat Sci. 91:93-98. (Review)

2. Li, B., and D.-W. Sun. 2002. Novel methods for rapid freezing and thawing of foods—A review. J. Food Eng. 54:175-182

3. M.M. Farouke, K.J. Wieliczko, I. Merts. Ultra-fast freezing and low storage temperatures are not necessary to maintain the functional properties of
manufacturing beef. Meat Science, 66 (2003), pp. 171-179

4. A. Lagerstedt, L. Enfalt, L. Johansson, K. Lundstrom. Effect of freezing on sensory quality, shear force and water loss in beef
M. longissimus dorsi Meat Science, 80 (2008), pp. 457-461

5. C. Vieira, M.Y. Diaz, B. Martinez, M.D. Garcia-Cachan. Effect of frozen storage conditions (temperature and length of storage) on
microbial and sensory quality of rustic crossbred beef at different states of aging.Meat Science, 83 (2009), pp. 398-404

6. R.A. Lawrie. Anonymous (Ed.), Lawrie’s meat science (6th ed.), Technomic Publishing Inc., Lancaster, PA (1998), pp. 1-336

7. Xiong, Y.L. (2000). Protein oxidation and implications for muscle food quality. In: Antioxidants in muscle foods (edited by
E. Decker & C. Faustman). pp. 3-23, 85-111, 113-127. Chichester: John Wiley & Sons.

8. M.C. Aiion, A. Calvelo. Freezing rate effects on the drip loss of frozen beef. Meat Science, 4 (1980), pp. 1-14

9. K.W. McMillin. Where is MAP going? A review and future potential of modified atmosphere packaging for meat. Meat Science, 80 (2008), pp. 43-65
10. Kondratowicz J, Chwastowska |, Matusevicius P. 2006. Sensory quality of pork and total microbial count depending on deep-freeze stor-
age time and thawing method. Vet Zootech 33(55):43-6.

11. Lambert IH, Nielsen JH, Andersen HJ, @rtenblad N. 2001 Cellular model for induction of drip loss in meat. J of Agri Food Chem 49(10):4876-83.
12. M. Bhattacharya, M.A. Hanna, R.W. Mandigo. Effect of frozen storage conditions on yields, shear strength and color of ground beef
patties. Journal of Food Science, 53 (3) (1988), pp- 696-700

13.Esguerra, C. M. (1994). Quality of cold-set restructured beef steak: effects of various binders, marination and frozen storage. Meat

Industry Research Institute of New Zealand. Publication MIRINZ 945.

CBEJEHNA Ob ABTOPAX

IIpuHaIIeXXHOCTD K OpraHu3aLum
Kpan, M., Kadempa rurmeHsI u TeXHOTOTMM pPaCTUTENbHBIX
IMIEBBIX NPOAYKTOB, QaKy/IbreT BeTEPUHAPHON TUIVMEHBI U
9KONOTUY, YHMBEPCUTET BeTEPUHAPHBIX M (papMalieBTUIECKIX
Hayk BpHo Palackého ti. 1946/1; 612 42 Brno, Czech Republic,
Tel. +420 54156 2702, martinxkral@gmail.com
XonsupkoBa K., Kabempa rmrmeHpl ¥ TeXHOMOTMM paCTUTETbHBIX
IVMIIEBbIX — NPOAYKTOB, (DakyibreT  BeTEPUHAPHOM  TWIMEHBI U
9KOTOTMY, ~ YHMBEPCUTET — BETEPUHAPHBIX 1 (papMaLeBTIIECKIX
Hayk bBpuo Palackého tf 1946/1; 612 42 Brno, Czech Republic,
Tel. +420 54156 2704, katerina.honzirkova@seznam.cz
Tocrmiry M., Kadenpa rurveHbl 1 TeXHOMOIMM PACTUTETBHBIX THILEBbIX
TpopyKToB, PaKy/IbTeT BeTepUHAPHOI TUTVEHBI 1 SKO/IOTHH, YHUBEPCUTET
BeTepUHAPHBIX 11 papMareBTidecKux Hayk bpHo Palackého tf. 1946/1, 612
42 Brno, Czech Republic, Tel. +420 54156 2704, mpospiech@vfu.cz
Tpemnosa b.,Kadenpa rurueHs u TeXHONMOTMI PaCTUTETBHBIX THILIEBbIX
HpoaykToB, PaKy/bTeT BeTepUHAPHON TUTMEHBI ¥ SKONIOTMHN, YHUBEPCUTET
BeTepMHAPHBIX 11 papMarieBTideckux Hayk bpHo Palackého tf. 1946/1; 612
42 Brno, Czech Republic, Tel. +420 54156 2700, tremlovab@viu.cz
3pmapcxuit M., Kadenpa racrponomun, ®axynbTeT BeTepyHAPHOI
TUTMEHBl M 9KONOTMY,  YHUBEPCUTET  BETEPMHAPHBIX U
(dapmanestiyeckux Hayk bpro Palackého ti. 1946/1; 612 42 Brno,
Czech Republic. Tel. +420 54156 2618, michal.zdarsky@email.cz

Kpurepuu aBropcrBa
OTBETCTBEHHOCTD 33 PAbOTY U NpPEJOCTaBIeHHbIE CBECHNUA HECyT
BCE aBTODBI. Bce aBTOPBI B PaBHOI CTENEHM y4acTBOBANIU B 3TOM
pabore. ABTOpBI B PaBHBIX JOJLAX MMEIOT OTHOIIEHNE K HANMCAHUIO
PYKOIICH ¥ OMIHAKOBO HECYT OTBETCTBEHHOCTD 3 IIIAriaT
Maprun Kpan KoppeKTrpoBas pyKOIuch 10 IIOJa4y B PeAKINIO
Kondnukr nntepecon
ABTOpBI 3aABJLAIOT 00 OTCYTCTBUY KOH(IMKTA MHTEPECOB
Ilocrynnna 16.12.2015

INFORMATION ABOUT AUTHORS
Affiliation

Ing. Kral M. PhD. Department of Hygiene and Technology
of Vegetable Foodstuffs, Faculty of Veterinary Hygiene and
Ecology, University of Veterinary and Pharmaceutical Sciences
Brno Palackého tf. 1946/1; 612 42 Brno, Czech Republic,
Ph.: +420 54156 2702, martinxkral@gmail.com
Bc. Honzirkova K. Department of Hygiene and Technology
of Vegetable Foodstuffs, Faculty of Veterinary Hygiene and
Ecology, University of Veterinary and Pharmaceutical Sciences
Brno Palackého tf 1946/1; 612 42 Brno, Czech Republic,
Ph.: +420 54156 2704, katerina.honzirkova@seznam.cz
MVDr. Pospiech M. Ph.D,, Department of Hygiene and Technology of
Vegetable Foodstuffs, Faculty of Veterinary Hygiene and Ecology, University
of Veterinary and Pharmaceutical Sciences Brno Palackého tr. 1946/1, 612
42 Brno, Czech Republic, Tel. +420 54156 2704, mpospiech@vfu.cz
Doc. MVDr. Tremlova B. Ph.D., Department of Hygiene and Technology of
Vegetable Foodstuffs, Faculty of Veterinary Hygiene and Ecology, University
of Veterinary and Pharmaceutical Sciences Brno Palackého tt. 1946/1; 612
42 Brno, Czech Republic, Ph.: +420 54156 2700, tremlovab@vfu.cz
Mgr. Zdarsky M. Ph.D, Department of Gastronomy, Faculty of
Veterinary Hygiene and Ecology, University of Veterinary and
Pharmaceutical Sciences Brno Palackého tf. 1946/1; 612 42 Brno,
Czech Republic. Ph.: +420 54156 2618, michal.zdarsky@email.cz

Contribution
All authors are responsible for the work and given information.
All authors were equally involved in this work.
Authors equally relevant to the writing of the manuscript, and equally
responsible for plagiarism
Martin Kral adjusted the manuscript prior to submission to the Editor

Conflict of interest
The authors declare no conflict of interest
Received 16.12.2015



THEORY AND PRACTICE OF MEAT PROCESSING N1 | 2016

YIK/UDC: 637.525:637.075

DOI 10.21323/2114-441X-2016-1-10-18

NUTRITIONAL VALUE OF NEW UNCOOKED SMOKED PORK PRODUCT
IINIMEBAA HEHHOCTb MHHOBAIIMOHHOT O CBIPOKOITYEHOTI O

INPOJYKTA N3 CBTHVHDI

Zabalueva Yu.Yu., Bazhenova B.A., Nazimova K.S.
East-Siberian State University of Technology and Management, Ulan-Ude, Russia

KnroueBbie cmoBa: MscHOll npobyxm, nuuiesasd ueHHocCmo,
cmapmoasvle Kyﬂbmypbl, Na00bl WUNOBHUKA

Annomauus

B cmamve npedcmasnenvt pesynvmamot Uccned08aHUS NUL4e60L
UEHHOCU COIPOKONUEH020 U30EUS U3 C6UHUHDL C UCNOTb306aHUEM
CTIOM#HO20 paccona. BoiseneHo, 4mo ucnonvb3osamue 6 cocrmase pac-
cona 0ONONHUMENLHBIX Pel,eninypHbIX UHZPEOUEHIN08 — KOMOUHU-
POBAHHOLL 3KBACKU HA 0CHOBE CApPmMOBbix Kymvmyp Lactobacillus
brevis u Lactobacillus fermentum 6 xonuuecmee 5% k macce coipos u
800H020 HACMOS N710006 wiunosHuka Jaypckoeo (Rosa Davurica) 6
konuuecmee 0,5% K Macce Colpbs NO360IUIO COKPAMUMb O7IUIMeNb-
HOCb MAKUX NPOUeccos NPpoussoocmea Kopetiku, Kak nocos (6vi-
depacka 6 3anusourom paccone) Ha 24 4 u cywixy Ha 24 u.
Buisienero, umo no cooepacarnuio 6enxa (13,2%) u smupa (27,8%)
201M0BbILL NPOOYKIN COOMBEMCMBYen mMpeboBaHUAM CMaHoap-
ma, npedvaensiemuim Kk 0anHomy éudy npodyxma. Ilo coomHo-
wienuro ITHOKK: MH)KK:H)KK kopeiixa «I[Tuxanmnas» npubnu-
AHcaemcst Kk pexomenoyemoim Hopmam 10:60:30. Ommeuero, umo
npucymcmeue 6 HAcmoe acKOPOUHOBOL KUCIOMbL NPUBOOUM K
CHUMEHUIO OCTNATNOYHO20 KOMUYECMBa HUMPUmMa HAmpus no-
4mu 8 mpu paza 6 UHHOBAUUOHHOM CHLPOKONUEHOM NPOOyKMie
U3 CBUHUHDL, 4IMO NOBbIULAETN €20 NUL4EeEYH0 0e30NACHOCD.
Jokasarno, umo dobaeneHue cmapmosvix kynvmyp L. brevis u
L. fermentum u nacmos nnodos wiunosHuxa Jlaypckoeo 6 noco-
JIOUHOBIT PACCOT 0KA3bL8AEN NOTIONUMENbHOe BNIUAHUE HA Pop-
MUPOBAHUE BbICOKUX OP2AHONENMUYECKUX NOKA3amernell Ko-
petixu: éKyca, apomama, ysema u cmpyKmypHO-mMexaHUHecKux
xapakmepucmuk. [omosbvili npoOykm umeem MOHOIUMHYIO,
NIOMHY10 KOHCUCIEH U0 U HACbIUseHHbLIL yéem. B pabome mak-
Jice OvLmU NPposedeHvl UCCTIE008AHUS 1O KOIUHECTNBEHHOMY Ydemy
IHu3HecnocobHoix knemok L. brevis u L. fermentum e xopetixe
«ITuKanmHas», YCMaHoBsIeHo, Mo KOMUHECB0 HU3Hecnocoo-
HbIX K7lemok 8 Kopetike Ha 25 cymku xpanenus (1*107 KOE/e),
4mo coomeemcmeyem mpebyemvim HOPMAM, NPeOBABAAEMbIM K
npobuomutecKum npooyKmam.

BBenenne.

CoBpeMeHHO€e IPOMBILIJIEHHOE ITPOM3BOACTBO MIIIe-
BBIX IIPOIYKTOB, B TOM YNCJIe MSACHBIX, HalleJIeHO, C Ofi-
HOJ CTOPOHBI, HA 9KOHOMIYECKYI0 3((PeKTUBHOCTD, a C
IPyToii — Ha MOTy4eHMe 6e30IIaCHBIX, IUTATETbHbIX IPO-
IYKTOB. B HacTosAmee BpeMs CHIDKAETCA Ka4eCTBO MAC-
HOTO CBIPbsl, 0COOEHHO IMIIOPTHOTO, B CBA3M C LIMPOKUM
IpUMeHeHIeM IIperapaToB POCTa, HO3TOMY HeOOXOAIMO
IPefyCMOTPeTb CIIOCOOBI KOPPEKTUPOBKM CBOJICTB MsCa
C L[e/IbI0 YTYYIIeHN TEXHOTIOTMYeCKIX CBOJICTB 1 IOTpe-
OUTENTbCKMX ITOKa3aTeselt.

Jna peanusanuy MOCTAaBIEHHON Lie/IM B MACHON OT-
pacim MMpOKO NPUMEHSIT CTapTOBble KYIbTYphL Bo-
npocaM Ienecoo6pasHocTy 1 9¢pPeKTUBHOCTY VICIOIb-
30BaHMA OaKTepMalbHBIX IpelapaToB B IPOU3BOJCTBE
MACOIPOAYKTOB IIOCBAIIEHBI Hay4YHBlE MCCIEOBAHNA
Takux ydeHblX, Kak B.B. Xoponbckmii, V.C. Xamaraesa,
H.K. XKypaBckas u gp. [1, 2, 3].
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Abstract

The article presents the results of the study on nutritional value of
the uncooked smoked pork product with the complex brine. It was
found that the use of the starter cultures on the basis of Lactoba-
cillus brevis and Lactobacillus fermentum in an amount of 5% by
weight of the raw materials and the aqueous extract of dog-rose hips
(Rosa Davurica) in an amount of 0.5% by weight of the raw materi-
als, as recipe ingredients of the brine, allows reducing the duration
of the drying process by 24 hours and the salting process also by 24
hours.

It was found that the product meets the requirements of the stan-
dard for this type of products by the content of protein (13.2%) and
fat (27.8%). The uncooked smoked pork loin, which was made using
starter cultures on the basis of Lactobacillus brevis and Lactobacil-
lus fermentum and the aqueous extract of dog-rose hips, is close to
the recommended ratio of PUFAs : MUFAs : SFAs (10:60:30). The
authors also noted that the presence of ascorbic acid in the extract
led to a significant decrease in the residual amount of sodium ni-
trite by almost three times in the innovative smoked pork product,
which increased its food safety.

The results of the study showed that addition of the starter cul-
tures L. brevis and L. fermentum and the extract of dog-rose hips
(Rosa Davurica) to the brine during salting had a positive effect
on the formation of the sensory characteristics of the pork loin:
taste, aroma, color and its structural and mechanical properties.
The product had the more monolithic, firm texture and rich color.

The research on the quantitative detection of viable cells of L. brevis
and L. fermentum in the uncooked smoked pork loin «Pikantna-
ya» was also done in this work. It was found that on the 25th day of
storage, the total number of viable cells in the loin was 1*107 CFU/g,
which corresponded to the requirements for the probiotic products.

Introduction

Modern industrial manufacture of food products,
including meat products, is aimed, on one hand, at
the economic efficiency and, on the other hand, at
obtaining safe and nutritious food products. At present,
the quality of meat raw materials, especially, imported
meat raw materials decreases because of the wide use
of growth promoters. Thus, today, it is very necessary to
envisage methods for correcting the properties of meat
to improve the technological properties and consumer
characteristics.

To achieve this objective, the meat industry
widely uses starter cultures. The research of such
scientists as  V.V. Khorolsky, I.S. Hamagaeva,
N.K. Zhuravskaya and others is dedicated to the
issues of expediency and effectiveness of using the
bacterial preparations in the technology of meat
products [1, 2, 3].
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B Hacroslee BpeMs CTapTOBble KY/IbTYPBI SBJIAIOTCA
HEOTheM/IEMOJl YacThl0 IPOM3BOACTBA CBHIPOKOITYEHBIX
MSACOIIPOAIYKTOB, YTO IIOATBEP)KAAeTCS UCCIENOBAHAMNI
3apy0eXHbIX YYeHBIX [4, 5, 6]. CoBpeMeHHbIe TeXHOTIOTMN
C UCIO/b30BAaHNEM CTAPTOBBIX KY/IBTYp HAIIpaB/IeHbI B
OCHOBHOM Ha MHTEHCH(UKAINIO TEeXHOTOIMYECKUX IIPO-
1[ecCOB IpK obecreyeHN TapaHTUPOBAHHO BBICOKOTO Ka-
YecTBa MACHBIX M3Aenuil. HOBbIM acrieKToM IpyMeHeHus
CTapPTOBBIX KY/IBTYP B TEXHO/IOTUY JIeTINKATECHBIX M3IeTINI
ABJIAIETCS VICIIO/Ib30BaHIe IAKTOOAINIL, 00/1aJAlOINX BbI-
COKOI1 (PYHKIIMOHA/IBHO aKTUBHOCTBIO [7].

[TyreBas EHHOCTb MACHBIX U3JENNII I IOTpeOu-
TeJlell, IPeXX/ie BCETo, aCCOLMMPYETCS C MX OPraHOJMENTH-
YecKMMU 1okaszarenamu. OFHNIM 13 BaKHBIX TTOKa3aTesneit
ABJIAIETCA IBET NMpOAYKTa. DPPeKTUBHOE YCUIeHNe OKpa-
CKJ MACOIPOJYKTOB MOXKHO JOCTUTHYTD 3a CYeT CO3[jaHNsA
COOTBETCTBYIOIIMX  OKMC/IMTETbHO-BOCCTAaHOBUTETBHBIX
ycnouit. Ha mpakTike Takue yCmoBMs HOCTUTAIOTCS IIpU
VICIIOZIb30BAHNM aCKOPOMHOBOI KVUC/IOTHI U ee COJell, KO-
TOpbIe B OO/IBIIOM KOJIMYECTBE COfIEP’KATCA B PaCTUTENb-
HOM cbIpbe [8, 9]. VI3BecTHO, YTO AUKOpACTYIIVe pacTeHMS,
TaKMe KaK IIUIIOBHUK, OOSAPBINIHUK, pAOMHA U VX HACTOM,
cofiepKaT B CBOEM COCTaBe 3HAYMTETbHOE KOMMYECTBO
ackop6uHoBoI Kucnorsl (10, 11]. TToaToMy akTyanbHBIMM
CTAQHOBSATCS UCCIENOBAHNA 110 M3BICKAaHNMIO HATYpPaTbHBIX
(IpMpPOAHBIX) MICTOYHMKOB, COAEP)KAIINX aCKOPOMHOBYIO
KICTIOTY, /IS TTIOBBILIEHMST 6€30IIaCHOCT ITPOAYKTA 3a CUeT
IpefoTBpaleHNs 00pa3oBaHA HUTPO30AMIHOB.

B cBA3M C BbIlIeCKa3saHHBIM IVIaBHAA 3ajjadya paboThI
COCTOSI/Ia B M3YYEHUN BIUAHUA CUHEPreTUYeCKOro a¢-
(exTa MUKPOOPTaHM3MOB M PACTUTEIBHOTO CBHIPbS HA
OMOTIOTMYeCKYI0 U NNIIEBYI0 IIEHHOCTb CBIPOKOITYEHBIX
MSCHBIX U3JIe/INI U3 CBUHUHBL.

Llenb pabOTBI - M3y4YeHNe MUILEBO IEHHOCTY Lie/TbHOMBI-
IIEYHOTO CHIPOKOITICHOTO MACHOTO ITPOAYKTA 13 CBUHIHBL

Marepuanbl I METOSbI

B pabore 6bU1y IpUBEEHBI MCCTEAOBAHMA 110 U3YYEHIIO
KavyecTBa IHHOBAIVIOHHOTO ITPOIYKTa — KOPEIKY ChIPOKOII-
YeHOI CBUHOI, Bblpa60TaHH017[ 10 TEXHOJIOTUM, IIPeFyCMa-
TpUBAIOLIell KOMIUIEKCHOE MCIIONb30BaHNe 3aKBACK/ Ha OC-
Hose Lactobacillus brevis i Lactobacillus fermentum v BogsOTO
HACTos IIofoB mmmoBHMKa [laypckoro (Rosa Davurica).

O6bexTami MCCIefOBaHMIT CTYXXIIN 00pasLibl KOPeKu
CBUHOJ CBIPOKOITYEHOT! (KOHTPOJIb) U KOPEVKI CBIPOKOITYe-
Hoit «[IukaHTHas» (ombiT). KoHTpO/IbHBIE 06pasibl ObUIN
BBIPAaOOTaHbl 10 TPAJMIMOHHOM TEXHOIOTUM, HpemycMa-
TPUBAIOLIENT BbIfIe/IeHVie CBUHMHDI C HEpa3pyLIEHHOI CTPYK-
TYPOJ U3 CIIMHHOM YacTy 0Tpy6a ¢ pebpamu 10 BCeil IInHe
orpyba mmpuHoit 14-15 CM B LIKype, TOMIIHA TTIOJKOKHOTO
mmka He 6oree 4 cM. IIofroTOBKA CBIPBs IIepef MOCOIOM
IpefycMaTpyBaeT yfajieHye IT03BOHKOB U 3apaBHUBAHUE
KpaeB. [Tocom OCyILIeCTBIAIOT IIIpHUIIEBAHNEM pPacCOTIOM
(mmotHOCTL 1,087 r/cM3, cofiepKaHMe HMUTPUTA HATPUA
0,05% m caxapa 0,5%) B komrdecTBe 10% OT Macchl ChIpb,
3aTeM HaTUPAIOT cMechio comu (97%) u caxapa (3%) B Komu-
4yecTBe 4% U YKIa[AbIBAIOT B YaHbI, BBIIEP)KMBAIOT 1 CyTKH,
IPecCyIoT ¥ 3a/IMBAI0T PAacconoM (1oTHOCTb 1,087 r/cv?, co-
nepkanue HuTpura HarpyA 0,05%, caxapa — 0,5%) B Komi-
yectBe 40-50%. ITocme aTOrO ChIpbe BBIIEP>KMBAIOT B Pacco-
JIe 5 CyTOK, 3aTeM BHe paccosia — 1 CyTKM IIpy TeMIieparype

11

Today, the starter cultures are an integral part of the
production of smoked meat products [4, 5, 6]. Modern
technologies with use of starter cultures are mainly aimed
at process intensification upon producing meat products
with the guaranteed high quality. The new aspect of
a starter culture application in the technology of the
deli meat products is the use of lactobacilli with high
functional activity [7].

To consumers, a nutritional value of meat products is
primarily associated with their sensory characteristics.
The color of the product is one of the most important
indicators. The effective enhancement of meat product
color can be achieved through the establishment
of appropriate redox conditions. In practice, such
conditions are attained by using ascorbic acid and its
salts, which are contained in large amounts in plant
materials [8, 9]. It is known that wild plants, such as
dog-rose, hawthorn, mountain ash and their extracts
contain a significant amount of ascorbic acid [10, 11].
Therefore, the research, which is dedicated to finding
the natural sources containing ascorbic acid for
improvement of a product safety by preventing the
formation of nitrosamines, is very topical.

In connection with the above-mentioned, the main
task of this work was to study the influence of the
synergistic effect of microorganisms and plant raw
materials on the biological and nutritional value of
smoked meat products from pork.

The objective of this work was the study of nutritional
value of the smoked pork product.

Materials and methods

The paper presents the study on the quality of the
innovative product — the uncooked smoked pork loin
produced by the technology, which provides complex use
of the starter cultures based on Lactobacillus brevis and
Lactobacillus fermentum and the aqueous extract from
dog-rose hips (Rosa Davurica).

The subjects of research were the samples of the
uncooked smoked pork loin (control sample) and
uncooked smoked loin «Pikantnaya» (test sample).
The control samples were produced by the traditional
technology, which included an excision of pork with
an intact structure from the back part of a cut with ribs
along the whole length of the cut (in skin) with the width
of 14-15 cm; the thickness of the subcutaneous fat was not
more than 4 cm. Preparation of the raw material before
salting involves the removal of vertebras and leveling the
edges. Process of salting was carried out by injecting a
brine (density of 1.087 g/cm? 0.05% of sodium nitrite
and 0,5% of sugar ) in an amount of 10% by weight of the
raw material, then rubbing with a mixture of salt (97%)
and sugar (3%) in an amount of 4% and placing into tubs
for 24 hours; then the samples were pressed, and a brine
(density of 1.087 g/cm?, 0.05% of sodium nitrite, 0.5% of
sugar) was poured in an amount of 40-50%. After that,
the loin was held in brine for 5 days, then without brine
for 1 day at 2-4 °C. After salting, the loin was put into the
water; a loop was made and the loin was left for water
dripping and drying for 2-3 hours. The loin samples
were smoked at 30-35 °C for 24 hours, and then dried at
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2-4°C. Ilo oxOHYaHMM IIOCONA KOPENKY BbIMauMBalOT B
BOJie, NOANETIMBAIOT, OCTAB/IAIOT LA CTEKAHVS BORBI U
MOZCYMIVBAHNA IOBEPXHOCTY Ha 2-3 Jaca. KonTAT Koperky
ripu 30-35 °C B TeueHne 24 4acoB, 3aTeM cymar rnpu 11+1 °C,
OTHOCKUTE/ILHOI B/IAKHOCTY BO3ayXa 75£2% 1 CKOPOCTH €r0o
meyokeHyA 0,05-0,1 M/c B TedeHMe 5 CyTOK.

OmnbiTHBIe 00pa3Lbl KOPEWKM CBMHONM ChIPOKOITYEHOI
«ITukaHTHas» OB M3TOTOB/IEHBI 110 YCOBEPILICHCTBOBAH-
HOJl TEeXHOJIOTUMY, IIPefycCMaTpUBAOLell MCIIONb30BaHue B
COCTaBe Paccosia IOMOTHUTE/IbHBIX pellelITyPHbIX MHTPey-
€HTOB — KOMOVHIPOBAHHOIT 3aKBACKV HAa OCHOBE 3aKBACOU-
HBIX KynbTyp Lactobacillus brevis w Lactobacillus fermentum
B Ko/m4ecTBe 5% K Macce ChbIpbsl ¥ BOGHOTO HACTOSI IUIOTOB
mmmosHuKa Jlaypckoro (Rosa Davurica) B komrdectse 0,5%
K Macce ChIpbs. [IpucyTcTBIE TaHHBIX MHIPEVIEHTOB B pac-
CoJIe IO3BOJIMJIO COKPATHUTD JJINTEIbHOCTD TAKMX IIPOLIECCOB
IIPOU3BOZICTBA KOPEVIKY, KaK MOCOT (BbIAEP>KKA B 3a/IMBOY-
HOM paccorie) Ha 24 4 11 CyIIKa Ha 24 4.

BopHbIit HACTOT! IIOIOB LIMIIOBHMKA OBUI OTy4YeH CMe-
IIAHHBIM CIOCOOOM C BBIXOIOM PaBHBIM 85,5+2,5%. Bemmrun-
Ha pH HacTos cocTtaBuna 3,48, cofiep>kaHne CyXux BelecTB
-1,23%. B cBeXXenmpuUroToBICHHOM BOJJHOM HAacTO€ COfieprKa-
uue Butamuna C cocrasuio 118,8 mr% [12].

B xome mpoBeeHNA SKCIEPUMEHTa OCHOBHBIC KadecT-
BeHHble IIOKA3aTe/ OIpeie/IUIN CTAaHIAPTHBIMU MeTOIM-
KaMIL: cofiepkaHme 6enka — MetonoM Kbenmbpass, B ocHOBe
KOTOPOTO IOJI0KeHa MIHepam3anys mpo6sl o Keenmbpamo,
OTTOHKJM aMMIAKa B PACTBOPE CEPHOI KVCIOTBI C IIOC/IEYIO-
UM TUTpoBaHMeM uccienyemort mpo6er (FOCT 25011-81);
copep>xanye >xupa — MeTonoM COKCcieTa, OCHOBAaHHBIM Ha
MHOTOKPATHOI 5KCTPAKLIM >KIpa 13 HOACYILIEHHOI HABECKI
IIPOAYKTA OPraHIYeCKVM PacTBOPUTEIEM C HMOCTEHYIOLIIM
€ro yHaJeHVeM ¥ B3BeIIVBaHMEM OOe3KMPEHHON HaBeCK
(TOCT 23042-86); MaccoBYIO OO XJIOpY/A HATPUSA — apreH-
TOMETPIYECKIM METOJIOM, OCHOBAaHHBIM Ha TUTPOBAHNM JIOHA
XJI0pa MOHOM cepebpa B HeJTpa/IbHOI Cpefie B IIPUCYTCTBUN
xpomara kamms (TOCT 9957-73); MaccoByo JOMI0 OCTaToY-
HOTO KO/IYeCTBA HUTPUTA HATpUA — (POTOMETPUYECKIM Me-
TOZIOM, B OCHOBE KOTOPOTO JIXUT peakiyst ¢ N — (1-HadTion)
— 9TWIEHAVAMVH IUTUAPOXIOPUAOM 1 Cy/Ib(aHIIaAMUIOM B
06e30emoueHHOM QuIbTpaTe C JaTbHENIIM (OTOMETPUPO-
BaHMeM MHTeHCMBHOCTH OKpacky mpo6bl (TOCT 8558.1-78);
OpraHOJIeNITIYeCK e TIOKasaTen — 1Mo 9-Tu OaIIbHOM IIKa-
ne, paspaborannoit BHUVMII [13]. JKupHOKMCIOTHBI CO-
CTaB JVICC/IENOBA/IV METOZIOM XpoMarorpadmy Ha Ta3oBOM
xpomarorpade Ajilent Packard HP6890 N ¢ xBagpynonbHbIM
Mmacc-criekrpomerpom (HP MSD 5973) B kadecTBe meTeKTO-
Pa; BUTAMVHHBI COCTAB MICC/IEIOBA/IV METOZIOM KAIIeJIbHOTO
anexTpodopesa (Metomyka M 04-72-2011); Konmn4ecTBEHHBII
y4eT K/IeTOK MOJIOYHOKMC/IBIX GakTepuit mpoBopmwmm aud-
(epeHIaTbHBIM METOIOM Ha MOAM(UIIMPOBAHHOI Cpefe C
TBurOM-80. AHa/MM3BI BHITOJTHEHDBI B TPEXKPATHON ITOBTOP-
HOCTH, pe3y/IbTaTbl 00pabOTaHbI C MCHOTb30OBAHNEM CTaH-
[ApTHBIX CTATUCTIYECKIX METOIOB.

Pe3ynbrarsl 1 ux o6cyKaeHNMe.

AHanu3 OTe4YeCTBEHHON U 3apyOeXxHOil uTepa-
TYpbl IOKa3aJ, YTO OCHOBHOIl OCOOEHHOCTBIO TEXHO-
JIOTUM  L€/IbHOMBIIIEYHBIX  CBIPOKOITYEHBIX  M3JE/INIl
ABJIAETCA HajM4lie COBOKYITHOCTY PasHOIIAHOBbIX 1 B3a-
MMO3aBJCUMBbIX OMOXMMUYECKUX, PU3UKO-XUMWIECKUX U
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1141 °C, relative air humidity of 75+2%, and air velocity of
0.05-0.1 m/s for 5 days.

The test samples of the uncooked smoked pork
loin «Pikantnaya» were manufactured by the advanced
technology, which provides using the additional
recipe ingredients in the composition of the brine: the
starter culture on the basis of Lactobacillus brevis and
Lactobacillus fermentum in an amount of 5% by weight
of the raw materials and the aqueous extract of dog-
rose hips Daurskiy in an amount of 0.5% by weight of
the raw materials. The presence of these ingredients in
the brine has reduced the duration of such processes
as salting (holding in brine) by 24 hours and drying by
24 hours.

The aqueous extract of dog-rose hips was obtained
by a mixed method with a yield of 85.5+2.5%. The pH
of the extract was 3.48, content of dry solids - 1.23%.
The content of vitamin C was 118.8 mg % in the fresh
extract [12].

During the experiment, the main quality
characteristics were determined by the standard
methods: protein by the Kjeldahl method, which is
based on the mineralization of a sample according
to Kjeldahl, stripping of ammonia in a solution of
sulfuric acid, followed by titration of the specimen
(GOST 25011-81); fat by the Soxhlet method, based on
the multiple fat extraction from a dried sample of a
product by an organic solvent followed by its removal
and weighing the defatted sample (GOST 23042-86);
mass fraction of sodium chloride by the argentometric
method, based on titration of the chlorine ion with
the silver ion in a neutral medium in the presence of
potassium chromate (GOST 9957-73); mass fraction of
sodium nitrite residues by the photometric method,
which is based on the reaction with N-(1-Naphthyl)
ethylenediamine dihydrochloride and sulfanilamide in
a protein free filtrate with the following photometric
testing of color intensity (GOST 8558.1-78); sensory
characteristics with the 9-point scale developed by
VNIIMP [13]. The fatty acid composition was examined
by gas chromatography on the gas chromatograph
Ajilent Packard HP6890 N with a quadrupole mass
spectrometer (HP 5973 MSD) asadetector; quantitative
detection of cells of lactic acid bacteria was carried
out by the differential method using the modified
medium with Tween-80. Analyses were carried out in
triplicate, the mathematical processing of the results
was performed using the standard statistical methods.

Results and discussion

Analysis of the Russian and foreign literature has
shown that the main feature of the technology of
whole-muscle uncooked smoked pork products is the
presence of the aggregate of the diverse and interde-
pendent chemical, physico-chemical and microbiolog-
ical processes [14, 15, 16]. A product quality depends
on the direction and degree of development of these
processes.

Whole-muscle uncooked smoked meat products
from pork belong to the high-calorie foods with specif-
ic taste and aroma, and they occupy a significant share
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MUKPOOMOIOTMYeCKUX Mporeccos [14, 15,16]. Ot Hampas-
JIEHHOCTY U CTENeHU PAa3sBUTUS JAHHBIX IIPOLIECCOB 3aBU-
CHUT Ka4eCTBO TOTOBOV PO YKL,

IlenbHOMBIIIEYHDbIE CHIPOKOIYEHbIE MSICHbIE M3Je/Ns
13 CBYHVHBI OTHOCATCA K BBICOKOKA/IOPMITHBIM TPOAYKTaM
co cren@u4eckuM BKYCOM 1 apOMATOM U 3aHMMAIOT He
MIOCTIEfIHEE MECTO Ha POCCUIICKOM PbIHKE MACHBIX IPOAYK-
TOB. [lenKaTecHas MsACHaA NPORYKLIUU COCTaBAeT 12-13%
B 00111e11 1O/ PhIHKA MACHBIX IIPOAYKTOB [17, 18].

L7151 o1jeHKM NUIEeBOI IIeHHOCTHU U KaJIOPUITHOCTH ITPO-
IyKTa OBUI MCC/IEOBAH ero XMMIYeCKUI COCTaB M PU3NKO-
XUMM4ecKue nokasarenu (tao. 1).

in the Russian market of meat products. Delicacy meat
products account for 12-13% of the total market of meat
products [17, 18].

The chemical composition and physico-chemical char-
acteristics of the product were investigated to evaluate its
nutritional value and caloric content (Table. 1).

The data of the research show that the finished
product meets the requirements of the State Standard
for this type of products by the content of protein and
fat. According to GOST R 55796-2013, mass fraction
of fat should be not more than 28%, protein - no less
than 13%.

Table 1. The chemical composition and caloric content of the traditional and innovative products from pork
Ta6muua 1. XumMudeckuii COCTaB M KaTOPUITHOCTD TPASMIIOHHOTO ¥ MHHOBAIMOHHOTO IIPOJIYKTOB U3 CBIHIIHbI

Characteristic | Ilokasarens Quantity | Konnuectso
control | KoHTpoOnB | test | ompIT
Chemical composition | Xummaeckuii cocras
Protein, % | Conepxanue 6enka, % 13,5+0,2 13,2+0,2
Fat, % | Copepxanue xupa, % 27,4+1,4 27,8+1,2
Ash, % | MaccoBas 1o 30161, % 4,3+0,04 4,7+0,05
Energy value, kkal | 9HepreTmyeckas 1leHHOCTb, KKal 315,6 314,4
The physicochemical characteristics | ®u3uxo-xumnyeckue noxkasarean
Mass fraction of sodium chloride, % | MaccoBasi jonst mopapeHsHoii conu, % 3,8+0,1 3,9+0,1
x:z?:(t;ﬁ:lc;ll(:(l)ln(:lf(flcl:efre(ftll(li{l::;loszg;l;?egit;;t;:/:llMTa HaTpus, % 0,00470,0002 0,00015£0,00005

Kak moKa3pIBalOT IONy4eHHblE NAaHHBIE IO COfEP-
JKaHMI0 Oe/lka M JKUpa, TOTOBBII IPOAYKT COOTBET-
CTByeT TpeOOBAaHUAM TOCYJApPCTBEHHOIO CTaH/apTa,
HpefbABIAEMbIM K JaHHOMY BUAY IponykTa. CornacHo
T'OCT P 55796-2013 maccoBasi KOsl )KMpa TO/DKHA OBITH
He 6oree 28%, a Oenka He MeHee 13%.

PesynbTaThl McCIemoBaHMil PU3NKO-XMMIIECKUX MTOKa-
3aTesiell CBUIETENbCTBYIOT O 3HAYMTE/IbHOM CHYDKEHNM O
OCTaTOYHOTO HUTPUTA HATpUA B KOPENKe ChIPOKOITYEHOIN
«[InKkaHTHas» OTHOCUTE/IBHO CBUHOI KOPENKM, M3TOTOB-
JIEHHOI TIO TPaJUIIVOHHON TexHomoruy. OcTaTouyHoe Co-
ilep>KaHue HUTPUTA HATPUA B KOHTPOTIBHOM 00pasiie 610
4,7 mr Ha 100 T TpOAYKTa, B TO BpeMs KaK B OIIBITHOM 00pa3-
11e oHO cocTaBuo 0,15 mr Ha 100 T mpoziykTa. BeposATHO, 3TO
O0'BSCHSIETCS HAMYMEM B COCTaBe BOJHOTO HACTOS IUIOfIOB
LIMIOBHMKA acCKOpOMHOBOI Kucnotsl (118,8 mr/100 r), koTo-
past BBICTYNaeT B KaueCTBE BOCCTAHOBMTEA HUTPUTA Ha-
TpU, B/IVSAET Ha 60JIee MOHBI pacaji HUTPUTA HATPUA U
IIepexof] €T0 B HUTPO3OIUTMEHTBL.

Ha cnepyromem srame ObUIO MCCIEHOBAHO BIMSAHUE
KOMOVHMPOBAHHOI 3aKBACKV 1 BOJHOTO HACTOS IIOFOB
HIIMIIOBHMKA Ha IIBETOBble M BKYCO-apOMaTHYECKNe Xa-
PaKTepUCTUKM KOpeNKM ChIpoKomdyeHol «IImkaHTHas».
ITpoBenena cpaBHMTeNbHAA AU depeHIpoBaHHas Opra-
HOJIETITIYeCKast OLjeHKa KOHTPOIBHOTO 1 OIIBITHOTO 00pas-
II0B, pe3y/IbTaThl IPEfICTAB/IeHbI B TabmuIie 2.

Kak BMIHO 13 IpMBENEHHBIX NAHHBIX, CBIPOKOITYEHbIE
U3JenNs, NPUTOTOBJICHHblE C IIPMMEHEHNEM 3aKBacKU
U HACTOfA, XapaKTepM30BA/IUCh IIOBBIIIEHHON O6alIbHO
OLIEHKOJ OPraHONIENTNYECKUX MOKasaTe/lell B OTINYME OT
KOpENKM, MSTOTOBJIEHHON IIO TPafIMLIVIOHHONM peLenTy-
pe. bpumn oTMeueHsl 60/1ee MHTEHCUBHOE OKpAIVIBAHUE 1
BbIpa)KEHHbIE apOMaT U BKYC Y U3JI€/INIA, USTOTOBJIEHHBIX C
IIpMMEeHEH)EM CTapTOBBIX KY/IbTYP M HACTOS.

The results of the investigation of the physico-chemi-
cal characteristics show a significant decrease in the mass
fraction of sodium nitrite in the uncooked smoked loin
«Pikantnaya» compared to the pork loin made by the tra-
ditional technology. The residual content of sodium ni-
trite in the control sample was 4.7 mg per 100 g of the
product while in the test sample it was 0.15 mg per 100 g
of product. This is probably due to the presence of ascor-
bic acid in the composition of the aqueous extract of
dog-rose hips (118.8 mg / 100 g), which acts as the reduc-
ing agent of sodium nitrite, and affects more complete
decomposition of sodium nitrite and its transition into
nitrozo pigments.

At the next stage, the authors have studied the effect
of the complex starter cultures and the aqueous extract
of dog-rose hips on the color and taste-and-aroma char-
acteristics of the uncooked smoked loin «Pikantnaya».”
The comparative differentiated sensory analysis of the
control and test samples was done; the results are pre-
sented in Table 2.

The data from table 2 show that the uncooked smoked
product manufactured with the starter cultures and the
extract has a higher score of the sensory characteristics
compared to the pork loin, which was made according
to the traditional recipes. More intense color and taste-
and-aroma of the products manufactured with the use
of the starter cultures and the extract were noted.

It was found that the use of the starter cultures based
on Lactobacillus brevis and Lactobacillus fermentum and
the aqueous extract of dog-rose hips promotes manufac-
turing a product with the more monolithic, dense tex-
ture, and color saturation.

The biological value of a product is one of the most
important indicators that characterizes the quality of the
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Table 2. Sensory characteristics of the samples
Ta6nuua 2. OpraHonenTuyeckKne moKasaremn o6pasos

Sensory characteristics, point | Opranonentirdeckie moxasarenu, 6am

Sample | O6paser

Color | IeT, where 1 -
completely unacceptable,
9 points - very beautiful |
riie 1 6amn — coBepuIeHHO
HeIpueM/IeMblil, 9 6annoB

— 0YeHb KPaCcUBBIil

Aroma | 3amax,
where 1 - completely
unacceptable,

9 points - very pleasant |
e 1 6ar — coBepireHHO
HeInpueM/IeMblii, 9 6anmoB —
04YeHb NPUATHBIN

Taste | Bkyc,
where 1 - completely
unacceptable, 9 points
- very tasty | rie 1
6am - coBepuIeHHO
HeIlpyieM/IeMblii,
9 6a/I0B — 0YeHb BKYCHBIII

Uncooked smoked loin (control sample) |

Kopeiika (koHTpOB) oY

8,0 8,0

Uncooked smoked loin «Pikantnaya» (test

sample) | Kopeiixa «[IukantHas» (ombir) %0

9,0 9,0

YCcTaHOB/IEHO, YTO IpPUMEHEHMe 3aKBaCKU Ha OCHOBe
Lactobacillus brevis u Lactobacillus fermentum u BOgHOTO
HACTOSl IUIOZIOB LIMIIOBHVKA CIOCOOCTBYEeT IIOTyYEHUIO
MIPOAYKTA C 6071€€ MOHOIMTHOVI, INIOTHOV KOHCUCTEHIMEN
VI HACBIIIIEHHBIM I[BETOM.

Ba)KHBIM KOMIIOHEHTOM, OKa3bIBAIOIIVIM CYLIeCTBEH-
HOe B/IMSHME Ha OMO/IOTMYECKYI0 LIeHHOCTb TOTOBOII IpO-
IyKLNY, AB/IAETCA XXMP. B cocTaBe MsAca OH IpecTaB/eH B
OCHOBHOM TPUITINLIEPUIAMIUL.

buonornyeckas eHHOCTD TUITMOB 3aK/TIOYAETCS B TOM,
YTO OHU SIB/ISIIOTCSI HOCUTEISIMU OOJTBIINX 3a11aCOB SHEPT I
Y1 COfiepyKaT He CYHTe3UpyeMble B HEOOXOAMMBIX KOTIMYeCT-
Bax B OpraHu3Me YeloBeKa BBICOKOHEIIPeie/IbHbIe KU PHbIE
KUCTOTHL. TpUIInIepubl, cofeprkaiiye 60bIIoe Kommde-
CTBO pajMKa/lOB HEHACBILIEHHBIX KUC/IOT, CIOCOOCTBYIOT
JTy4IlIeMy YCBOEHUIO OpraHn3MoM 6ekoBoro asora. Kpome
TOTO, KVMPbI HEOOXOAVIMBI /ISl BCACBIBAaHWSI B KMIIEYHVKE
SKUPOPAaCTBOPUMBIX BUTAMUHOB. Ba)kHast porb OTBOJUTCS
UM ¥ Ipy GOPMMPOBAHNY APOMATA MACA.

OCHOBHBIM KOMIIOHEHTOM JIMIIVJOB SIBJISIOTCS SKMPHBIE
kucnorsl (JKK). Haceiennsie sxupusie kucnotsl (HXKK)
VICIIOIb3YIOTCS OPTAaHM3MOM KaK 9Hepre TMIeCKIi MaTepuarl.
Ocoboe 3Hauenne nmeroT MoHoHeHachimernHbie (MHIKK) n
nonmHeHachleHHble xypHble KucnoTsl (ITHYXKK), kotopbie
SIBJSIIOTCST He3aMeHnMbIMH (akTopaMu mmtanus. JIuHore-
Bas, IMHOJIEHOBAS VI apaxyIOHOBAs KMCTIOTBI, IPUHAIeXa-
e K ITHJKK, 110 cBouM 610/10rM4ecKiM CBOICTBAM OTHO-
CATCS K JKM3HEHHO HEOOXOMVMBIM BeEIleCTBAM.

protein component and the fat component of a product.

An important component, which has a significant
impact on the biological value of a product, is fat. It
is contained in the composition of meat mostly as
triglycerides.

The biological value of lipids resides in the fact
that they are carriers of large stores of energy and
contain the highly unsaturated fatty acids, which are
not synthesized in the necessary quantities in a human
body. Triglycerides, which contain large amounts
of unsaturated fatty acid radicals, facilitate better
assimilation of protein nitrogen by a body. In addition,
fats are needed for intestinal absorption of fat soluble
vitamins. They play an important role in the formation
of meat flavor.

The major components of lipids are fatty acids
(FA). Saturated fatty acids (SFAs) are used by a body
as an energy material. Of particular importance are
monounsaturated (MUFAs) and polyunsaturated fatty
acids (PUFAs), which are essential nutritional factors.
Linoleic, linolenic and arachidonic acids belonging
to the PUFAs are the vital substances according their
biological properties.

The authors have carried out an experimental
determination of the fatty acid composition of the meat
product, manufactured with the use of the probiotic
microorganisms and the aqueous extract of dog-rose
hips (Table 3).

Table 3. Fatty acid composition of the samples of the uncooked smoked pork loin
Ta6muia 3. JKupHokucnoTHbiit cocTaB 00pa3ioB KOPEIKM ChIPOKOMIEHOIT

Fattyacids | The acid content,% of the total content | Copep>xanue Kucinor, % K 06uieMy MX COfep>KaHuIo
HanmeHnoBaHue XVPHOII KUCTOTbI control | KOHTPOTb test | OIIBIT
Saturated: | Hacpienusre

-myristic (14:0) | mupuctunoBas 1,30 0,67
-palmitic (16:0) | manpMuTHHOBAS 22,38 25,06
-stearic(18:0) | creapunoBas 17,66 11,05
Total | Utoro 41,34 36,78
Monounsaturated: | MoHOHeHaChIIEHHbIE

- palmitoleic(16:1) | manpMuTONENHOBAS 3,97 2,27
-oleic(18:1n9) | omennoBas 45,05 50,11
Total | Vitoro 49,02 52,38
Ionunenacoimenusie | Polyunsaturated:

-muHonesas | linoleic(18:2) 9,00 9,68
-apaxuyioHoBasi | arachidonic(20:4) 0,64 1,16
Total | itoro 9,64 10,84
Overall total | Bcero 100,0 100,00
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B pabore 6110 IPOBEfIEHO IKCIIEPUMEHTAIBHOE OIIpe-
Ze/IeHNe SKMPHOKICTIOTHOTO COCTaBa MACOIPOAYKTA, U3T0-
TOBJICHHOTO C IIPYMEHEHNEM IIPOOUOTIYECKIX MUKPOOP-
TaHM3MOB I BOIHOTO HACTOSA IJIONOB IMIMITOBHMKA (TabI. 3).

CoracHO NO/Ty4eHHbIM Pe3y/IbTaTaM UCCIeTOBAHN B HO-
BOM CBIPOKOITYEHOM HPOAYKTe MpeoOIa/jaloT 13 HACHIIeH-
HBIX )KVMPHBIX KICTIOT - IaJIbMUTHHOBAS KIC/IOTA, @ U3 MOHO-
HEHACBILIeHHDIX )XVPHBIX KICTIOT — OJIEMHOBAs KICTIOTA.

CoBpeMeHHbIE IPEACTABACHNA O KOMNYECTBEHHBIX
U KaueCTBEHHBIX IOTPeOHOCTAX 4Ye/lOBeKa B MNIIEBBIX
BeIleCTBAaX OTPaKEHBbl B KOHIENINMM COATaHCHPOBAHHOTO
NUTaHUSA, YYUTBIBAIOLIEN 3HepreTndecKue 1 Ouomornde-
CKIe acIeKTbl. B cOOTBeTCTBMM C Hell COOTHOLIEHUE MeX-
Iy KOMMYECTBOM IIOJMHEHACHIIEHHbIX ¥ HACBIIIeHHBIX
SKVPHBIX KUCTIOT IOTDKHO cOocTaBIATh 0,3-0,35. [TokasaTenn
JKMPHOKVC/IOTHON COa/IaHCPOBAaHHOCTY KOPEVIKM, BbIpa-
60TaHHOII C JICIO/Ib30BaHNMeM KOMOVHUPOBAHHO 3aKBa-
CKU M HAaCTOSI IVIOJOB IIUIIOBHMKA, OTHOCUTE/IBHO 3TA/I0OHA
®AO/BO3 mpepcraseHsl B Tabmue 4.

AHanmu3 Tabmubl 4 ITOKa3a, YTO COOTHOIIEHNE MEXIY
KOJIMYeCTBOM ITOITHEHACHIIIEHHDIX ¥ HACBIIIEHHDIX JKIp-
HBIX B KOpeJiKe ChIpOKOI4eHol «IIMKaHTHasA» COCTaBMUIO
0,29, 4Tro OTBeyaeT TpeOOBaHMAM COATAHCHPOBAHHOTO
nuranus. OO6LIenpr3HAHHBIM SIB/ISIIOTCS MIPECTABICHNS O
TOM, YTO OpPTaHN3M Ye/I0BeKa JO/DKEH IIOTPeO/IATh B COCTa-
Be mummpoB ITHIKK - 10%, MHXK - 60%, HXKK - 30%.
Ornomenne ITHXKK:MHJKK:HJKK B xopeiike «IInkaHT-
Hasi» OTBeYaeT IIPUHATBIM HOPMaM, HO IIPY 3TOM HOJLA He-
3aMeHMMBIX noymHeHachIeHHbIX JKK cocrassia 10,81%
¢ mpeo6ailaHyeM JIMHOIEBON KIC/IOTBI, KOTOpas y4acT-
ByeT B OMOCHHTe3e apaxmiIoHOBOI KMCIOThL. [locnemHsas
IpeAIIecTByeT 00pa3sOBaHMIO BEILeCTB, YYACTBYIOIIUX B
PeryiMpoBaHNy MHOTUX IIPOLIECCOB >KM3HEHEeATeIbHOCTI
TPOMOOIIMTOB U IPYTUX 9IeMEHTOB, HO OCOOEHHO IIPOCTa-
[JIAaHAVMHOB, KOTOPBIM HPUAAIOT OOJbIIOe 3HAYeHMe, Kak
BeIlleCTBaM BBICOYAIIIelT OMO/IOTMYeCcKOil aKTVIBHOCTIL

VccnepoBaHnsaMy JOKa3aHO, YTO pa3paboTaHHasA KO-
peiika «[IMkaHTHasA» ABAAETCA MPORYKTOM, COHaaHCHPO-
BAHHDIM I10 [TNIIIEB O LIeHHOCTH, V1 ICTOYHVMKOM IO/ HEeHa-
CBILIeHHBIX XVPHBIX KMCIOT (JIMHOJIEBAs M apaXMUIOHOBAs).

BuTaMMHBI OTHOCATCS K OFNHMM M3 JXKU3HEHHO He-
OOXOAVMBIX BeIIeCTB. JTO OpraHNYecKye COeNVHEHMS,
OONBIIMHCTBO 13 KOTOPBIX He CHHTE3MpYyeTcs B Opra-
HU3Me desioBeka. Ho mpy 3ToM MM OTBOAMTCS MCK/TIOUN-
Te/lIbHasA pO/b B OOMeHe BelleCTB, OHM BXO[AT B COCTaB
(epMeHTOB, BIMAIOT HA UMMYHUTET 4Ye/lIOBEKa, Je/as ero
opranusM 0ojiee YCTONYMBBIM K OONE3HAM M CTPeccaM.
[TosToMy exxeflHEeBHO MOTpeb/sieMas NI TO/DKHA obec-
HeYyBaTh IIOCTAaBKy BUTAMIUHOB B OPTraHM3M 4eIOBEKa B

Table 4. The balance of fatty acid lipid of samgles of porKk’s loin

According to the results of the research, in the new
uncooked smoked product, palmitic acid predominated
among the saturated fatty acids, oleinic acid among the
monounsaturated fatty acids.

The present view of the quantitative and qualitative
human needs for nutrients is reflected in the concept
of balanced nutrition taking into account the energetic
and biological aspects. In accordance with this concept,
the ratio between the amount of polyunsaturated and
saturated fatty acids should be 0.3-0.35. The indicators
of the fatty acid balance of the uncooked smoked loin,
which was manufactured with use of the starter cultures
and the extract of dog-rose hips are presented in Table 4
in comparison with the FAO / WHO standard.

The analysis of the data from Table 4 has shown that
the ratio between the amount of the polyunsaturated
and saturated fatty acids in the uncooked smoked loin
«Pikantnaya» was 0.29, which meets the requirements
of balanced nutrition. It is widely accepted that a human
body should consume 10% of PUFAs, 60% of MUFAs
and 30% SFAs in the composition of lipids. The ratio
of PUFAs: MUFAs: SFAs in the uncooked smoked loin
«Pikantnaya» meets the accepted standards, while the
proportion of the essential polyunsaturated FA is 10.81%
with a predominance of linoleic acid, which is involved
in the biosynthesis of arachidonic acid. The latter
precedes the formation of the substances involved in the
regulation of many vital processes of platelets and other
elements, but especially prostaglandins - the substances
of the highest biological activity.

The research has shown that the developed uncooked
smoked loin «Pikantnaya» is a product balanced by
nutritional value and a source of polyunsaturated fatty
acids (linoleic and arachidonic).

Vitamins are among the essential substances.
They are organic compounds, most of which are not
synthesized in a human body. But at the same time,
they are of primary importance in metabolism, are part
of enzymes, affect the human immune system, make
a human body more resistant to diseases and stresses.
Therefore, daily consumption of food should ensure
the supply of vitamins to the human body at least in
amounts of the minimum daily requirement.

Based on the fact that the aqueous extract of dog-
rose hips was characterized by high content of ascorbic
acid, the study on the quantification of vitamins in the
product was carried out (Table 5).

It was found that the test samples of the loins were
different from the control both by the quantitative

Ta6muua 4. [Tokasarem )KMPHOKMCTIOTHOI cOaTAHCHPOBAHHOCTH TMINOB 00pa3I0B KopeiiKkn

L. The acid content,% of the total content |
The lipid Copep)kaHye KUCIIOT, % K 0011[eMY 1IX COflep)KaHUI0
Sample | content, % | PUFAs | THKK
O6pasen Conepxanme | YSFAs| | XIMUFAs| TPUFAs | — —
THITI0B, % ¥ HOKK Y MEDKK ¥ THKK linoleic | arachidonic |
JIMHOTIEBast apaxmIoHoBas
Standard FAO/WHO |
Sranon PAO/BO3 — 30,0 60,0 10,0 75 1,5
Control | Konrpons 27,4 41,34 49,02 9,64 9,00 0,64
Test | OubrT 29,2 36,78 52,38 10,84 9,68 1,16
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KO/INYECTBAX, IO MEHbIIENl Mepe, MUHUMA/IbHbIX OTHOCH-
TE/IbHO YCTAHOB/IEHHO CYyTOYHON IOTPEOHOCTIL.

Vcxops 13 TOTO, YTO BOJHBIN HACTOI IIJIOJOB HMIMIIOB-
HUKA XapaKTEePU30BAJICA JOCTATOYHO BBICOKUM COflepiKa-
HUEM aCKOPOMHOBOI KUC/IOTHI, OBUIN MIPOBEIEHbI MCCIe-
JIOBaHNS [0 KOIMYECTBEHHOMY OIIPe/le/IEHII0 BUTAMIHOB
B TOTOBOM IpPOAYyKTe (Tabm. 5).

Table 5. The vitamin content in the uncooked smoked pork loin
Tab6muia 5. BUTaMUHHBIIT COCTaB KOPEIKI ChIPOKOMYEHOI

and qualitative vitamin content. Ascorbic acid was
identified and quantified in the test samples, its content
in the product was 0.106 mg %.

The content of vitamins B in the test samples was
higher than in control, due to introducing into the
recipe not only the extract, but also the combined
starter culture based on Lactobacillus brevis and

. . The daily requirement, mg | The vitamins content, mg % | Copiep>kaHyeBUTaMUHOB, MT %
Vitamins | HaumeHoBan1e BUTaMiuHos C 6 ’
YTOHA HOTPEOHOCTE, MI control | KoHTpONID test | ombIT
Vitamin B1| Buramuu B1 2,0 0,61+0,01 0,86+0,01
Vitamin B2 | Buramuu B2 2,5 0,07+0,003 0,14+0,002
Vitamin PP | Buramuu PP 20,0 2,36+0,02 2,41+0,02
Vitamin C | Buramuu C 1o 100,0 — 0,106+0,001

YCTaHOB/IEHO, YTO OIBITHBIE OOpa3Lbl KOPENKM OT-
JINYATNCh OT KOHTPOJbHBIX KaK KOMNYECTBEHHBIM, TaK
U Ka4eCTBEHHBIM BUTAMUHHBIM COCTaBaMMU. Y OIBITHBIX
06pasnoB 6bTa MAEHTUGUIMPOBAHA U KOMMIECTBEHHO
oIpefiefieHa aCKOpOMHOBAs KUCIOTA, ee CORepKaHMe B
roToBoM Ipogykre coctaBuo 0,106 mr %.

YpoBeHb BUTAaMMHOB I'PyHIBl B B ombiTe 6bUI BhIlIe,
YeM B KOHTPOJIE, YTO 0OBACHACTCS BBEJICHIEM B PELIeNTY-
Py, He TONBKO HACTOSI, HO ¥ KOMOMHMPOBAHHOI 3aKBACKN
Ha ocHoBe Lactobacillus brevis u Lactobacillus fermentum.
/I3BeCTHO, YTO MOJIOYHOKVC/IbIE MMKPOOPTaHU3MbI CIIO-
COOHBI CMHTe3UpOBaTb BUTAMMHBI IPYIIIBI B, B yacTHO-
¢ty TMaMyH 1 pubodnasuH. Heo6XonnmMo 0TMETUTD, YTO
cofiep>kKaHue TMAMMHA B OIBITe OTHOCUTETBHO CYTOYHOI
HOTPeOHOCTH YenmoBeKa cocTasiseT 43%.

B pabore Taxke ObUIM TPOBEEHBI MCCIELOBAHMUSA
[0 KO/IMYECTBEHHOMY Yy4eTy >KM3HECIIOCOOHBIX KIIETOK
L. brevis n L. fermentum B xopeiike «[IukanTHas» Ha 0,
25, 30 cyTKu XpaHeHuA TOTOBOTO IPOAYKTa IIpU TeMIlepa-
Type 0-4 °C OTHOCUTEIBbHON BIaXKHOCTH 7525%. Pe3ymnb-
TaThbl MCCIEOBAHNUI IIOKA3a/I/, YTO B TOTOBOM IIPOAYKTE
(0 cyTkn XpaHeHMs1) oblee KOMMYECTBO >KM3HECIIOCOO-
HBIX K/IETOK MOJIOYHOKVC/IBIX MUKPOOPTaHU3MOB COCTa-
Buo 1,18%10° KOE/r, mpu panbHelieM XpaHeHUY KOIM4e-
CTBO XXM3HECHOCOOHBIX KIeTOK B KOpeliKe YMEHBIIANI0Ch
u K 25-TeIM cyTKaMm cocTtaBuno 1¥107 KOE/T, a Ha xoHer
cpoka rogaoctu (30 cyrok) — 1*10¢ KOE/r. Mi3BecTHO, 4TO
peKoMeH/lyeMOoe KOMYeCTBO MOIOYHOKVUCTIBIX OaKTepuit
B IPOOMOTUYECKUX NPOAYKTAX HO/DKHO COCTABIATh He
menee 1*107 KOE/r [19]. Takum o6pasoM, B mepBble Tpu
Hellel II0CIe U3TOTOB/IeHMs Kopelika «[ImkaHTHas»
obmagaet MpoOMOTHYECKMMI CBOMICTBAMIA.

BriBogbr

B pesynbrare mpoBefjeHHbIX 9KCIIEPUMEHTA/IbHBIX JIC-
CJIeIOBaHMII BBISIBIIEHO, YTO 11O cofiep>kanuio 6enka (13,2%)
u xupa (27,8%) roToBbIIT IPOLYKT COOTBETCTBYET TPeho-
BAaHMAM CTAHJIAPTA, NPegbsABAAEMbIM K JAaHHOMY BUIY
npopykra. ITo coornomenuio ITHXXK:MHKK:HKK ko-
peiika «[IukaHTHasg» MPUOTIDKAETCS K PEKOMEH/YeMBbIM
HopMmaM 10:60:30. OTMedeHO, 4TO IPUCYTCTBME B HACTOE
aCKOpOMHOBON KNC/IOTHI IIPUBOAUT K CHIDKEHMIO OCTa-
TOYHOT'O KOJIMYeCTBAa HUTPUTA HATPA IIOYTH B TPM pasa B
VMHHOBALIIOHHOM ChIPOKOITYEHOM IIPOAYKTE 13 CBUHUHDI,
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Lactobacillus fermentum. It is known that the lactic
acid bacteria can synthesize vitamins B, in particular,
thiamine and riboflavin. It should be noted that the
content of thiamine in the test sample is 43% of the
daily requirement.

Also, the authors have done the research on the
quantitative detection of viable cells of L. brevis
and L. fermentum in the uncooked smoked loin
«Pikantnaya» at 0, 25, 30 days of storage of the finished
product at a temperature of 0-4 °C and humidity of
75+5%. The results showed that in the final product
(0 days of storage) the total number of viable cells of
the lactic acid microorganisms was 1,18 * 10° CFU/g; at
the further storage, the number of viable cells in the
uncooked smoked loin reduced and on the 25th day was
1*107 CFU/g, while at the end of the shelf-life (30 days)
it was 1*10¢ CFU/g. It is known that the recommended
amount of lactic acid bacteria in probiotic products
should be no less than 1*107 CFU/g [19]. Thus, the
uncooked smoked loin «Pikantnaya» has probiotic
propertiesduringthefirst three weeksafter manufacture.

Conclusion

The results of the experimental studies have shown
that the finished product meets the requirements of the
standard for this type of products by the content of pro-
tein (13.2%) and fat (27.8%). The uncooked smoked pork
loin, which was made with the use of the starter culture
on the basis of Lactobacillus brevis and Lactobacillus
fermentum and the aqueous extract of dog-rose hips, is
close to the recommended ratio of the PUFAs: MUFAs :
SFAs (10:60:30). Authors also noted that the presence of
ascorbic acid in the extract led to a significant decrease
in the residual amount of sodium nitrite by almost three
times in the innovative smoked pork product, which in-
creased its food safety. Addition of the starter cultures L.
brevis and L. fermentum and the extract of dog-rose hips
(Rosa Davurica) to the brine during salting has a posi-
tive effect on the formation of the sensory characteris-
tics of the pork loin: taste, aroma, color and its structur-
al and mechanical properties. The product has the more
monolithic, firm texture and rich color. The research on
the quantitative detection of viable cells of L. brevis and
L. fermentum in the uncooked smoked loin from pork
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YTO MOBBIIIALT €T0 MUIEBYI0 6e30macHOCTb. [JobaBieHne
CTapTOBBIX KynbTyp L. brevis n L. fermentum n HacTtos
IVIOfOB IIMIOBHMKA JlaypCcKOro B IOCONMOYHBIN paccon
OKa3bIBaeT MOJIOKUTE/IbHOE BIMsIHME HA (OpPMUPOBaHIE
BBICOKVX OPraHOMENTUYECKUX XaPaKTEPUCTUK KOPEIKI:
BKyCa, apOMara, OKPacKu U CTPYKTYPHO-MeXaHNIECKIX
XapaKTepUCTHK. [OTOBBI MIPOAYKT MMeeT MOHOIUTHYIO,
IVIOTHYI0 KOHCHCTEHIIMIO ¥ HACBIEHHbI IIBeT. B pabo-
Te TaKXe OBUIM NPOBENEHbI MCCIENOBAHNS 1O KOMMYe-
CTBEHHOMY Y4eTy >KM3HECIOCOOHBIX K/IeTOK L. brevis u
L. fermentum B xopevike «IIMKaHTHas», yCTAHOBJIEHO, YTO
KO/IMYECTBO >KM3HECIIOCOOHBIX KJIETOK B KOpeiike Ha 25
cytku xpanenus (1*107 KOE/r), uTo cooTBeTCTBYeT Tpe-
OyeMBIM HOpMaM, IPeAbsB/ISAEMBIM K NPOOMOTHUYECKUM
HIPOAYKTaM.

Takum 06pasoM, aHa/IU3 IONTYYEHHBIX Pe3y/IbTATOB
9KCIIEPUMEHTA/IbHBIX MCCIeOBAHMI BBISABIUI IPEVIMYIIle-
CTBa COBMECTHOTO MCIIOJIb30BaHMsI KOMOVHVMPOBAaHHOI
3aKBACKI 1 BOSHOT'O HACTOsI IJIOJIOB IMIIOBHUKA B TEXHO-
JIOTUY 11e/IbHOMBILIEYHBIX CHIPOKOITYEHbIX MSCOIPORYK-
TOB I TIOBBILIEHVS] HOTPEOUTENTbCKUX XapaKTEPUCTUK
FOTOBOTO IIPOAYKTA.
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®IbOY  BIIO  «BocrouHo-Cubupckmiti  rocyapcTBEHHBIN
YHUBEPCUTET TEXHONOIVWII ¥ ynpapiaeHus», 670013, r. Yman-VYus,
yi. KntouesBckas 40B.

Ten.: 8(3012)417218

e-mail: aprilpolina@mail.ru
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Bce aBTOpBI B paBHOI! CTeIeHN yYaCTBOBAIN B 3TOI paboTe.
3adanyesa 10.10. paspa6orana croco6 momydeHns BOJHOTO HACTOS
IUIOZI0B LIMIIOBHVIKA, VI3y4N/Ia €T0 KaueCTBEHHbIE XapaKTEPUCTUKU U
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«Pikantnaya» was also carried out. It was found that on
the 25th day of storage, the total number of viable cells
of the lactic acid microorganisms in the product was
1*107 CFU/g, which corresponded to the requirements
for probiotic products.

Thus, the analysis of the results of the experimental
studies has shown the benefits of the combined use of the
starter culture and the aqueous extract of dog-rose hips
in the technology of whole-muscle uncooked smoked
meat products for increasing consumer characteristics
of the product.
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SCANNING CALORIMETRY

M3YYEHUE BJIVSTHUSL COMEV HATPUSL, KAJTUS U
KAJIBIIVA HA CTABWJIBHOCTD BEJTKOB METOIOM
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KiroueBble cmoBa: duggepenyuanvnas ckaHupyouas Kanopu-
Mempust, AKMuH, MUO3UH, memnepamypa oeHamypayuu 6enKos

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
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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 —

21

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.
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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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Annomauus

Monounokucnvie 6axmepuu (MKB) uepatom 6 macHoti npomoii-
JIEHHOCMU KAK NOTONCUIMENbHYI0, MAK U OMPUUAINENbHYIO POTlb.
Ocnosnas nonv3a MKB 6 npouseodcmae cyxux gepmenmupo-
BAHHBIX KOZIOAC 3aKIOUAEMCS 8 hepMeHmMAayuu caxapuoos, m.e.,
006paszo6aHuL MONOUHOTL KUCTIOMDbL U nociedyouem nadeHuu pH.
Ponv MKEB 6 nopue cvipoeo msica 6cé ewsé HeoOHo3HauHas. He-
CKOIbKO 6U008 CNOCOOHBL OOMUHUPOBAMb 6 MACHOLL ClcmeMme 6
YCTIOBUAX XPAHEHUS 6 6AKYYMHBIX YNAKOBKAX U 6 MOOUDULUDPO-
8aHHOU ammocgepe U M0Ozym 6bl0eNTMb MOTIEKYIbl, 0KA3bIEA-
touue enusnue Ha 3anax. C Opyeotl CMOpPoHbl, OHU MOZYM NpPo-
ABNAMb  O1AONPUTMHYI0 AHMALOHUCMUYECKYI0 AKMUBHOCHID
npomus HexcenamenvHolx muxpoopeanusmos. MKb saensomcs
BANCHBIMU 6030YOUMENIMU NOPHU 6 BAPEHBIX MACONPOOYKINAX.

BBenenue

Monounoxkucrnele 6akrepuu (MKB) — aTo rpymnma rpam-
HOJIOKUTEIbHBIX OaKTepuil, 00BbeAVHEHHbIX OIIpeieIeH-
HBIMI MOPQOIOTMYECKNMM, MeTabommdeckumMm u Gusmn-
OJIOTMYECKVMMY XapakTepyucTukamy. OHM IpelCTaBIIAIT
co60oi1 Hecriopoobpasyolye, He ABJIANEC aspobami,
HO a3pOTOJIepPaHTHbIE, KaTala300TPUIATE/IbHbIE KOKKU
VIV TIQJIOYKM, KOTOPBIe BHIPAOaThIBAIOT MOJIOYHYIO KICIIO-
Ty KaK OfIH I3 OCHOBHBIX IIPOJIYKTOB (pepMEHTAIVN yIJIe-
BonoB (Leroi, 2010; von Wright and Axelsson, 2012). bra-
rofiapsi CBOEil a3pOTONIEPAHTHON aHA3pOOHON HPUPOfE,
MKBD nprcyTCTBYIOT B IIMPOKOM IMAIIa30HE €CTeCTBEHHOI
OKpY>KaIolllell Cpefibl, BKIIOYAA >KeTyJOYHO-KUIIeIHBIN
TPaKT 4esioBeka 1 >KuBOTHBIX (Toomey et al., 2010). MKb
TPaJVILIMOHHO aCCOLMMPOBAHbI ¢ (hepMeHTaluell Iuiie-
BBIX IIPOAYKTOB M KOPMOB, 1 OOBIYHO CUMTAIOTCA Oaro-
OPYATHBIMU MUKpOOpranmsMamiu. JIoomy sMImpudecKu
ucnonb3osamt MKD my1s1 ecrecTBeHHOI hepMeHTAIIN MO-
JIOKa, M#ACa, OBOILIel U (GPYKTOB B TeYeHMeE ThICAYENeTHIL,
4TO MPUBOAV/IO K HOBOMY CTaOMIbHOMY IPOAYKTY. I1pn-
MeHeHMe ITpoliecca TOAKICIeHNs, 00YC/IOBIEHHOTO BbIpa-
60TKOI1 MOJIOYHO¥ KMCTIOTBI KAK OCHOBHOT'O KOHEYHOTO Me-
TabomiTa pepMEHTAINN YIIeBONOB, AB/IACTCA OCHOBHBIM
13 HanboJiee XKeaTebHBIX IT0O0YHBIX 9 (PeKTOB MX POCTa,
VHIMOMPYA MUKPOOPTaHU3MBI, B TOM 4NC/Ie, Hanboee pac-
IIpOCTpaHeHHbIe YenoBedecKye narorens (Leroi, 2010).

IIpn nepepaborke msca MKB moryr wurparb kax
HOJIOKNUTENbHYIO, TaK ¥ OTpMLATeIbHYy0 ponb. Ilomo-
KUTeNbHbIN 9ddekT csazan ¢ poctom MKD Bo Bpems
(dbepMeHTaIVIM U CO3PEBAHNUA CYXMX (PepMEHTHUPOBAHHBIX
konbac. OTpuuaTebHAsA POIb MOXET OBITH ACCOLMMPO-
BaHa C ITOpYell MACA, BBIPAaOOTKOI OMOTeHHBIX aMUHOB U
pacrpocTpaHeH)eM TeHOB aHTUOMOTIKOPEe3NCTEHTHOCTH
(Talon and Leroy, 2011; Toomey et al., 2010).

MKB 6 pepmenmuposantvix MACHbIX NPOOYKMAxX

QepMeHTHpPOBaHHbIE INNIIEBble IPONYKTbl MMEIOT
6os1ee IPOIO/DKNUTEIBHBIN CPOK XPaHEHM S 110 CPaBHEHNIO
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Abstract

Lactic acid bacteria (LAB) play in meat processing a positive
but also a negative role. The principal advantage of LAB in the
production of dry fermented sausages lies in the fermentation of
saccharides, i.e. the creation of lactic acid and the subsequent fall
in pH. The role of LAB in fresh meat spoilage is still controversial.
Several species are able to dominate the meat system in VP and
MAP storage conditions and can release odor-impact molecules.
On the other hand they can provide favorable antagonistic
activity against other undesired microorganisms. LAB are
important spoilage agents in cooked meat products.

Introduction

Lactic acid bacteria constitutes a group of gram-positive
bacteria united by certain morphological, metabolic and
physiological characteristics. They are nonsporulating,
nonrespiring but aerotolerant, catalase negative cocci
or rods, which produce lactic acid as one of the main
fermentation products of carbohydrates (Leroi, 2010; von
Wright and Axelsson, 2012). Due to their aerotolerant
anaerobic nature, LAB occupy a wide range of natural
environments including gastrointestinal tract of humans
and animals (Toomey et al., 2010). LAB have traditionally
been associated with food and feed fermentation, and are
generally considered beneficial microorganisms. Human
has empirically used LAB for natural fermentation ofmilk,
meat, vegetables and fruits for thousands of years that led
to a new stabilized product. The acidification process due
to the lactic acid production as the major end-metabolite of
the carbohydrate fermentation is one of the most desirable
side effects of their growth, inhibiting micro-organisms
including the most common human pathogens (Leroi,
2010).

In the meat processing LAB can play a positive but also
negative role. The positive effect is connected with the
growth of the LAB during fermentation and ripening of
dry fermented sausages. The negative role can be associated
with the meat spoilage, production of biogenic amines and
distribution of antimicrobial resistance genes (Talon and
Leroy, 2011; Toomey et al., 2010).

LAB in fermented meats

Fermented foods generally have a longer shelf life than
their original raw materials and their spoilage process
has a different character. The antimicrobial effects of
fermentation are not confined to spoilage organisms
alone and can also affect pathogens that might be present
(Adams and Mitchell, 2002). In microbiology, the term
fermentation can be used to describe either microbial
processes that produce useful products or a form of
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C UCXO[IHBIM CBIpbeM, U IIPOLeCC UX IIOPYM MMeeT APYToit
xapakTep. AHTUMUKpOOHbIe 9 PeKThl pepMeHTANIIN He
OIPaHMYMBAIOTCA TONBKO MUKPOOPraHMU3MaMM, BBI3bIBA-
IOLIMMI TIOPYY, M MOTYT TaKXKe OKa3bIBaTh B/IUAHNE HA
[IaTOT€HBI, KOTOPbIe MOTYT IIPUCYTCTBOBATh B IPOAYKTE
(Adams and Mitchell, 2002). B Mukpo6uonornu tepMuH
pepmenmayuss MoXeT OBITb MCHO/Nb30BaH JJIA OINCa-
HUSA WIN MUKPOOHBIX IIPOLECCOB, KOTOPble IPUBOJAT K
00pa30BaHNIO IOJIE3HBIX MTPOAYKTOB, WM (POPMBI pOCTa
aHAa9POOHBIX MMKPOOPTAaHM3MOB, MJCIIONMb3YIOUINX BHY-
TPeHHIe aKIeNTOPbl MeKTPOHOB 1 obOpasytomux ATD
B OCHOBHOM 4Yepe3 (ocopuanpoBaHne Ha YPOBHe Cy0-
crpara (Kim and Gadd, 2008). MKDb nrpator goMnHupy-
IOLIYI0 po/ib B (epMeHTanMy (papira, IPUrOTOBIEHHOTO
VISl TIPOM3BOACTBA CYXMX (PepMEHTMPOBAHHBIX KO/IOAC.
MKB, oHaKo, COCTAaBIISIOT TOMBKO YaCcTh 00I1Ie MUKPOO-
HOJI IOMY/IAINMMA B MAACE TIPU €CTeCTBEHHBIX YCTIOBUAX.

Vcxopnas nomymanuss MKDB B cblppe 00BIYHO HM3Kas
(3-4log KOE/T), HO OHa CTaHOBUTBLCA TOMUHUPYIOIIEN BO
Bpems otamna (pepmenranun (8 log KOE/r) B TpaguumnonHbIx
konbacax (Talon and Leroy, 2011). ITocre so6asenust crapro-
BbIX KynbTyp MKDB HauMHa10T pasMHOXKaTbCS OT MCXOTHON
nomyanyn 6,5 log KOE/r! no 8,0-9,0 log KOE/r" B Teuenne
nepBbIx Heckonbkux fHeln (Kamenik et al., 2013; Matagaras
et al,, 2015). Potka et al. (2015) ycTaHOBWIN, YTO TTOMY/IALNA
MKBD cocrananma or <2log KOE/r! mo 4,52 log KOE/r" B
obpasijax konbace Piacentino (ceBepnast Mramus) 6es crap-
TOBBIX KY/IBTYP Cpasy ke IT0C/Ie MIITPULIeBAHVA B 000/IOUKIL.
Tlob6aBrieH1e CTapTOBBIX KY/IBTYP BBI3BIBAJIO YBeMYeHIE
MKBD ¢ Havana ¢epMeHTaLUM O YPOBHeEil MeXnay 5,63 n
6,82 log KOE/r". ITocne Tpex Hefenb co3peBaHMs, IOIY/IA-
st MKD octurana yposHeit mexxny 8,15 1 8,89 log KOE/T;
B 9TO BpeMsI He ObIIO OYEBMIHDBIX Pas3INymil B KO/IMYECTBE
MKB mexpy Konmbacam, B KOTOPbIX MCIIOTIb30BA/INCh CTap-
TOBBIE KY/IBTYPBI 1 KOl6acaMyl, B KOTOPBIX OHY He VICIIO/Ib-
30Ba/ICh. Bo BpeMs MCC/IeOBaHMA MUHUCAIAMM, IIIPH-
IJOBaHHOJ B LIEJUTIOJIO3HbIe O0O/IOYKM AMAMETPOM 25 MM,
Gareis et al. (2010) ycTaHOBWIM yBe/IMYeHVE ITOMY/LALNI
MKB (npn mo6aBieHuM CTapTOBBIX KY/IBTYp) Ha JIBa JIOTa-
pu¢Ma B TedeHue nepBbIX Tpex gHell. KomrdectBo MKD He
cHpkanoch Hivke 8 log KOE/r! Hu B xakoii mepyoy B Tede-
HUe 9KcrepuMeHTa (42 H:).

InaBubiM npeumymectsoM MKDB npu npoussozctse
cyxux (pepMeHTUPOBAaHHBIX Koj0ac ABIAeTCA (hepMeH-
TalVsA CaXapuyoB, T.e., 00pa3oBaHNe MOJIOYHOI KVC/IOTHI
u nocnenyiomee nagenne pH. 1o, ogHako, He ABIAETCA
eVHCTBEHHBIM IIOJIOXKUTE/IbHBIM 3((PeKTOM 9TOil TpyII-
nbl 6akTepmit. OHa Tak)Ke UTpaeT BaKHYI PO/Ib B BBI-
[Ie/IeHNY JPYTUX aKTUBHBIX apOMATUYECKUX (BKYCOBBIX)
BEI[ECTB 1 BBIPAOOTKE AHTMMUKPOOHBIX COENVHEHUIL.
B teuenme cBoeit >xusuu MKD BbifiensgioT BelecTBa BO
BHEIITHIOI0 OKPY>KAIOLIYI0 Cpefly, MHOTMe U3 KOTOPBIX
0071a/Jaf0T IPAMBIM aHTHOAKTepUaTbHBIM 3¢ deKToM. ITO
MOTYT OBITb ITEPOKCUJI BOZOPOJA VI OPraHNIeCcKye KIC-
NOTBI. BaKTepUOLHBI MMEIOT 60oTIee CITOXKHYI0 CTPYKTYPY
(de Souza Barbosa et al., 2015).

Ponv MKbD 6 nopue maca

Msico cumTaeTcs ONHUM U3 Hambojee CKOPOIOPTS-
IUXCST IMPORYKTOB. JTO OOYCTIOBNIEHO €r0 XMMWYECKUM
COCTaBOM, KOTOPBIiT O/IarONIPUATCTBYET POCTY MUKPOOpra-
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anaerobic microbial growth using internally supplied
electron acceptors and generating ATP mainly through
substrate level phosphorylation (Kim and Gadd, 2008).
LAB play the predominant role in fermenting the batter
made for the preparation of dry fermented sausages.
LAB, however, make up just part of the total microbial
population in meat under natural conditions.

The initial population of LAB is usually low in the raw
material (3 to4 log CFU/g) butitbecomes dominant during
the fermentation step (8 log CFU/g) in traditional sausages
(Talon and Leroy, 2011). Following the addition of starter
cultures, LAB can multiply from an initial population of
6.5log cfu g’ to 8.0-9.0 log cfu g* over the first few days
(Kamenik et al., 2013; Matagaras et al.,, 2015). Polka et
al. (2015) found a LAB population from <2 log cfu g to
4.52 log cfu g in samples of Piacentino sausages (northern
Italy) without starter cultures immediately after their
filling into casings. The addition of starter cultures caused
an increase in LAB from the beginning of fermentation
to values of between 5.63 and 6.82 log cfu g'. After three
weeks of ripening, the LAB population reached values of
between 8.15 and 8.89 log cfu g-1; at this time there was
no evident difference in the number of LAB seen between
sausages in which starter cultures were used and sausages
in which they were not used. During tests on minisalami
filled into cellulose casings of a diameter of 25 mm, Gareis
et al. (2010) recorded an increase in the LAB population
(with the addition of starter cultures) of two logarithmic
orders during the first three days. The number of LAB did
not fall beneath 8 log cfu g" at any time during the course
of the experiment (42 days).

The principal advantage of LAB in the production of
dry fermented sausages lies in the fermentation of saccha-
rides, i.e. the creation of lactic acid and the subsequent fall
in pH. This is not, however, the only positive effect of this
group of bacteria. It is also important in releasing other
active aromatic (taste) substances and producing antimi-
crobial compounds. During their lifetime, LAB excrete
substances into the external environment, many of which
have a direct antibacterial effect. These may be hydrogen
peroxide or organic acids. Bacteriocins have a more com-
plicated structure (de Souza Barbosa et al., 2015).

The role of LAB in the meat spoilage

Meat is recognized as one of the most perishable foods.
This is due to its chemical composition that favours micro-
bial growth to unacceptable levels contributing significantly
to meat deterioration or spoilage (Doulgeraki et al., 2012).
It is well established that spoilage of meat is the result of
decomposition and formation of metabolites caused by the
growth and enzymatic activity of microorganisms (Argyri et
al., 2015). Meat spoilage is usually caused by Gram negative
bacteria (pseudomonads, Enterobacteriaceae, Shewanella
putrefaciens) and several Gram positive (LAB, Brochothrix
thermosphacta, clostridia) that dominate under different
conditions (Pothakos et al., 2015). A preservative packaging
has been widely used to extend the shelf life of fresh meat
during distribution and retail sale. High-oxygen modi-
fied atmosphere packaging (MAP) has become widespread
in recent decades for red meat. Oxygen concentrations of
70-80% ensure that oxymyoglobin is produced in surface
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HVI3MOB JI0 HelIpJieM/IeMbIX YPOBHeIT, BHOCS CYIIleCTBEHHBII
BKJIA]I B yXyALIeHMe KadecTBa 1 mopuy msca (Doulgeraki
et al,, 2012). Xopo1mro 13BeCTHO, YTO IOpYA MsACA AB/IACTCSA
Pe3y/IbTaTOM pas/IoXKeHNs ¥ 0Opa3oBaHMA MeTabOINTOB,
BBI3BAHHBIX POCTOM 11 ()epMEHTATUBHOI aKTBHOCTBIO M-
KpoopraunamoB (Argyri et al., 2015). ITopya Msca 06bI9HO
BBI3bIBAETCS TPAMOTPULIATEIbHBIMU OakTepusamM (IIceB-
moMoHanbl, Enterobacteriaceae, Shewanella putrefaciens) n
HecKonmpKuMn rpamnonoxnrensasivu (MKB, Brochothrix
thermosphacta, xnocTpuaym), KOTOpble JOMUHUPYIOT IIPK
pasmmunbix yomosuax (Pothakos et al., 2015). Ina ypmm-
HEHUS TIPOIO/DKUTENIBHOCTY XPAHEHNUsSA CBIPOTO MsCa BO
BpeMs AUCTpUOYLUM ¥ PO3HUYHON TOPTOB/IM IMIMPOKO
UCTIONIb3YeTCsl KOHCEPBUPYIOLIAs YIIAKOBKA. YIAKOBKA
KpacHOro MsAca B Moau¢uipoBanHoit arMochepe (MAP)
C BBICOKVM COfiepyKaHMeM KUCTIOPOJa CTajla LMIMPOKO pac-
IPOCTpPAaHEeHHON B mocienHue Aecsatwietys. KoHueHTpa-
uu Kucnopopa 70-80% mpuBOIAT K 00pa30BaHUIO OKCHU-
MIOITIOOVHA B TIOBEPXHOCTHBIX C/10sAX MsAca. OcTaBimecs
20-30% B MOmM(UIVPOBAHHON aTMOC(epe MPUXOAATCA
Ha CO2. [Inokcup yriaepopga MHIMOMpPYeT pocT GakTepuii,
ymHAA nar-¢asy u BpeMs pasMHOXeHMs. KoHneHTpa-
uust CO2, paBHas 25% , 6/M3Ka K MaKCMMa/TIbHOMY VHTH-
OMpoBaHIIO a9POOHOIT MUKPOGIOPHI, KOTOpask 3aTeM CHU-
>)KaeTcAa 1o <20%. brarogaps ucnonbsyemoll cMecu rasos,
00BIYHAS TPOMIO/DKUTEIBHOCTh XPAHEHNUs YIAKOBAHHOTO
B MoauuIpoBaHHOI aTMocdepe Msaca cocTasseT ot 10
o 14 nHeli. Bropoiit TuIl KOHCEPBUPYIOILEN YIIAaKOBKY — 3TO
BakyyMmHas ymakoBka (VP, CVP). O6bruHas mpopormxm-
TEIbHOCTb XPaHEHUsA BaKyyM-YIIaKOBAaHHOJ TOBSAAVHBI U
CBUHUHBI COCTaBJIsAeT 28 U 21 IeHb, COOTBETCTBEHHO. AJIb-
TEPHATUBHOI I OTHOCUTETIBHO HEJABHUII TUII PO3HIYHO
YIAKOBKM — 9TO BaKyyMHas CKuH-ymakoska (VSP). 9ro
OTHOCHTE/IHO HOBBII METOJ] BAKYYMHOJ YIIaKOBKY BKJTIO-
JaeT pasMellieHe TPOAYKTa Ha IOTKAX 1 00epThIBAHNE €ro
B IUICHKY IOf] BAKYYMOM IIpY TIOBBILIEHHOI TeMIIepaType.
HarpepaHye IpuBOANT K pasMATYeHUIO BEPXHell IUICHKIL,
KOTOpasi 3aTeM IUIOTHO HMOKpPBbIBAaeT IPOAYKT, HO3TOMY U
VICTIOTIb3YeTCsI TEPMUH «CKUH» («KOXKa»). DTa MpoLenypa
crioco6CTByeT Ooee MATKOMY VCIIONb30BAHMIO BaKyyMa.
PesynbTaToM SIB/ISIETCSl CHIDKEHME HOTeph COKa 1 Ooree
JUINTeNTbHAsA MPOJO/DKUTENBHOCTb XPAaHEHNUSA IO CpaBHe-
HMIO C TPAJMIMOHHO BaKyyMHOU ymakoBKoi. Kamenik
et al. (2014) cpaBHUBaMM MUKPOOMONIOTMYECKUE CBOIICTBA
YIIAKOBAHHBIX B BaKYYMHYIO CKVH-YIIaKOBKY TOBSIVHBI 1
CBVMHUHBI C TOBAAVHON ¥ CBHMHOJ, YIIAKOBAaHHBIX B Tpa-
AUIVIOHHYIO BaKYyMHYIO YIIAKOBKY ¥ B YIIAKOBKY C MOJM-
dbunmpoBanHoit atMmocdepoii (Tabm. 1). Obiee KOMMIECTBO
JKI3HECTIOCOOHBIX MUKPOOPTaHM3MOB Ha 35 JeHb XpaHe-
HIISI JI/1s1 TOBSIAMHBI OBUIO MEXAY 6,3 11 7,8 logw KOE/17, 6e3
JIOCTOBEPHBIX Pa3/INUNil MeXY VHAVBULYA/TbHBIMUA TH-
IIaMU yIIaKOBKN. B cBMHUMHe, momymsumy 6axrepuii Ha 21
nienb 6bim Mexy 5 u 6 log  KOE/r. Boimu ycTaHOB/IeHbI
COIIOCTaBVMbIe YPOBHU B HOMIY/IAIMAX HCUXPOTPO(PHBIX
6akrepuit. OHAKO Pa3MMUMs MEXY VHAVNBULYaTbHBIMU
TUIIAMI YIIAKOBKJ OTPAXKA/IMCh B IIPEJCTAB/ICHUN OT/E/b-
HBIX IpymI 6akTepuil. BakyyMHas yIakoBKa OIpefieleHHO
ysermmunBana passutue MKbB. Kommuectsa MKD, ompepe-
JICHHBbIE B CBUHVIHE U TOBAJMHE, YIIAKOBAaHHOI B MOUQM-
LIPOBAHHOI aTMocdepe, ObIIM 3HAYUTENIBHO HIDKE, YeM
Te, KOTOpbIe ObIIV YCTAaHOBJIEHBI B CBUHIHE, YIIAKOBAHHOI
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layers of meat. The remaining 20-30% in the modified atmo-
sphere is CO2. Carbon dioxide inhibits bacterial growth by
extending the lag phase and generation time. A twenty-five
percent CO2 concentration is close to the maximum inhibi-
tion of aerobic microflora, which then decreases at <20%.
Thanks to the mixture of gases used, the usual shelf life of
MAP meat is 10 to 14 days. The second type of preservative
packaging is vacuum packing (VP, CVP). The typical shelf
life of vacuum-packed beef and pork is 28 and 21 days, re-
spectively. An alternative and a relatively modern type of
retail meat packaging is vacuum skin packaging (VSP). This
relatively new method of vacuum packaging involves plac-
ing the product on a tray and wrapping it in a film under a
vacuum at an elevated temperature. The heat causes the soft-
ening of the top film which then tightly covers the product,
hence the designation of “skin”. This procedure allows a gen-
tler use of vacuum. The result is a decrease in purge loss and
a longer shelf life in comparison with conventional vacuum
packaging. Kamenik et al. (2014) compared microbiological
properties of vacuum skin packaged beef and pork with beef
and pork packaged in conventional vacuum packaging and
modified atmosphere packaging (Table 1).

The total viable count on day 35 of storage for beef was
between 6.3 and 7.8 log cfu.g’, with no significant dif-
ferences between individual types of packaging. In pork,
the bacterial population on day 21 was between 5 and
6 log, cfu.g’. Comparable values were found in the pop-
ulation of psychrotrophic bacteria. Differences between
individual types of packaging were, however, reflected in
the representation of selected bacterial groups. Vacuum
packaging clearly enhanced the development of LAB. LAB
counts determined in pork and beef packed in a modified
atmosphere were significantly lower than those found in
pork in CVP and VSP (P = 0.044 and 0.018, respectively)
and beefin CVP and VSP (P = 0.006 and 0.003, respective-
ly). From day 14 of storage onwards, the LAB population
in meat samples in CVP and VSP was 2 log larger than
that in MAP meat. The differences remained unchanged
throughout the experiment.

Currently, the role of LAB in fresh meat spoilage is still
controversial. On one side, several species are able to dom-
inate the meat system in VP and MAP storage conditions
and can release odor-impact molecules, which may alter
the sensory profile of raw or cooked meat, albeit this is not
the case in all documented reports. The spoilage charac-
ter of some LAB taxa is ambiguous and probably corre-
lated with specific spoilage-associated capacities of indi-
vidual strains that cannot be attributed collectively to the
respective species. Moreover, for the LAB with negligible
role in sensory spoilage, a bioprotective function in meat
can be hypothesized as they can provide favorable antago-
nistic activity against other undesired microorganisms
(Pothakos et al., 2015).

LAB as a spoilage agent of meat products

The ability of bacteria to adapt to the conditions of
the external environment is a key factor in determin-
ing whether they survive and continue to grow. Psychro-
trophic lactic acid bacteria (LAB) are well adapted to
the environment of meat products, which are character-
ised by microaerophilic conditions along with a lower
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B BaKYyMHYI0 VIIAKOBKY U BaKyyMHYIO CKUH-YIIaKOBKY
(P = 0,044 u 0,018, COOTBETCTBEHHO), U TOBAIVUHE, YIIaKo-
BAaHHOJII B BAKYYMHYIO YIIAKOBKY ¥ BaKyyMHYIO CKIH-YyIIa-
koBKy (P = 0,006 1 0,003, COOTBETCTBEHHO).

Haumnaa c¢ 14 gua xpa"enma nonynagum MKDB B
obpasijax MsAca B BaKyyMHOJl YIIAaKOBKE U BaKyyMHOI
CKMH-YTIaKoBKe 6bin Ha 2 log, | 607bIle TI0 CPAaBHEHMUIO C
MSCOM, YIIAKOBaHHBIM B MOAUQUIVMPOBAHHON aTMocde-
pe. Pazmrunsa octaBannich HeM3MEeHHBIMU Ha IIPOTSDKEHNN
BCETO SKCIIEPUMEHTA.

B nactosamee Bpemsa ponb MKbB B mopue cBexxero msca
Bce ele npoTuBopeunBasd. C OfHOI CTOPOHBI, HECKOTBKO
BUJIOB CIIOCOOHBI IOMUHUPOBATb B MACHON CUCTeMe B
YCIIOBUSIX XpaHEHMsI B BAaKyyMHOI YIIAaKOBKe VU BaKy-
YMHOJ CKMH-YIIAKOBKE JI MOTYT BBIIENIATbL OKA3bIBAIO-
iye BIMSIHME Ha 3allaX MOJIEKY/IbI, YTO MOXKET M3MEHATD
CEHCOPHBIIT IPO(IUIIb CBIPOrO MU TepMOOOPAOOTAHHOTO

a_ value, and in which sodium chloride and nitrite are
present (Samelis et al., 2000). Certain species of the ge-
nus Lactobacillus, such as L. sakei and L. curvatus, com-
prise the dominant microflora in dry fermented sausages
(Bonomo et al., 2008; Cocolin et al., 2009).

On the other hand, there is also alarge group of cooked
meat products in which the presence of microorganisms
and their metabolic activity is undesirable, as they induce
spoilage and therefore reduce the shelf life of the given
meat products. Psychrotrophic lactic acid bacteria have a
crucial part to play in these negative effects (Slongo et al.,
2009; Audenaert et al., 2010). Their presence is often
connected with secondary contamination during packing
or slicing, as they are not capable of surviving the heating
involved in the cooking process (Franz, von Holy, 1996).
Thermal resistant species also exist, however, which are
not destroyed by higher temperatures (generally 70 °C),

Table 1. Microbiological analysis of packaged beef and pork meat samples

(MAP: modified atmosphere, CVP: vacuum, VSP: skin vacuum) during storage (mean = s.d., log cfu.g"; Kamenik et al., 2014)
Ta6muua 1. MukpoOuonornyeckuii ananus 006pasioB yHaKOBaHHbIX TOBSAMHBI Y CBHIHbI

(MAP: mogudunuposannag armocdepa, CVP: BakyyMHas ymakoBKa, VSP: BaKyyMHas CKMH-YIIAKOBKA) BO BpeMs XpaHeHI
(cpemnue 3HayeHys: + craHgapTHbIE OTKIOHeHNs, log KOE/r"; Kamenik et al., 2014)

Day of sampling | Beef | ToBaguna Pork | CBunmnua
At orGopa npot MAP CvP VSP MAP CvP VSP
0 1.37+£0.44 2.55+0.63
7 3.04+0.72 3.45+0.15 2.75+0.31 2.60+0.29 3.31+£0.55 2.12+0.46
TVC 14 3.70+0.45 4.2840.60 3.48+0.97 4.92+1.04 4.12+0.29 4.24+0.74
21 6.66+0.05 6.94+0.89 7.15+0.49 6.37+0.99 4.87+0.52 5.03+0.36
35 6.81+£0.51 6.27+0.68 7.82+1.71 — — —
0 0.000.00 0.17+0.32
7 0.00+£0.00 0.41£0.65 0.05+0.12 0.00+0.00 0.44+0.49 0.37+£0.36
LAB 14 0.34+0.68 2.50+0.65 2.51+£0.49 0.10£0.16 2.10+0.54 2.37+£0.53
21 2.28+0.98 4.30+0.88 5.01£0.92 2.24+0.84 4.31+1.04 4.77+0.76
35 1.97+0.82 4.94+0.68 5.14£0.75 — — —
0 1.33+0.58 1.79+0.82
7 3.26+0.94 3.62+0.18 2.61+0.97 3.20%0.36 3.57+0.59 2.33+0.40
PSY 14 3.81+0.39 3.24+0.77 1.60+0.55 2.35+0.87 2.31+0.93 1.80+0.45
21 6.22+0.40 6.02+0.56 5.7010.42 6.17+1.02 5.53%+0.63 5.4620.60
35 7.10+£0.51 7.16+0.22 7.11£0.27 — — —
0 0.33+£0.58 0.40+0.55
7 2.02+0.23 0.63+0.88 0.55+0.76 0.94+0.99 0.68+0.65 0.39+0.54
PSE 14 2.09+0.37 0.74+1.02 0.000.00 2.33+0.17 2.13+0.27 1.69+0.71
21 2.04+0.47 1.46+0.41 0.00+£0.00 2.31+£0.20 2.12+0.35 1.96+0.24
35 5.01+0.97 1.85+0.36 0.54+0.89 — — —
0 0.00£0.00 0.00£0.00
7 0.00+0.00 0.00+£0.00 0.000.00 0.00+0.00 0.00+0.00 0.00+£0.00
BRO 14 0.96+0.60 0.00£0.00 0.64+0.63 0.72+0.69 0.70+0.71 0.26+0.36
21 1.81£0.19 1.13+0.18 0.42+0.58 2.15+0.19 1.50%0.16 0.13+£0.29
35 2.53+0.73 1.14£0.66 0.00£0.00 — — —
0 0.00+0.00 0.20+0.45
7 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 1.35+0.81 0.80+0.72
COL 14 0.00£0.00 1.34+0.98 0.37£0.51 0.09+0.19 2.18+0.36 2.60+0.28
21 0.00+£0.00 1.11£0.94 1.13+1.05 0.11+0.25 3.37+0.62 3.86+0.34
35 0.00+0.00 0.99+1.62 0.67+0.93 — — —

(TVC = total viable count; LAB = lactic acid bacteria; PSY = psychrotrophic bacteria; PSE = Pseudomonas spp.;

BRO = Brochothrix thermosphacta; COL = coliform bacteria)

(TVC = o611ee KOMMYECTBO KU3HECTTOCOOHBIX MIKPOOpPrann3mMoB; LAB = monounokucnbie 6axrepuis; PSY = ncuxporpodusie 6axrepuu;
PSE = Pseudomonas spp.; BRO = Brochothrixthermosphacta; COL = xonmudopmusie 6axrepu)
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MsCa, XOTSI 3TO He BCeT/ja IPOUCXOANTIO BO BCEX TOKYMEH-
TUPOBAHHBIX COOOIeHMAX. XapaKTep IOPYM Y HEKOTO-
PBIX TAKCOHOB MOTIOYHOKMCTIBIX OaKTepUit HEOJHO3HAYEH
U BEPOSTHO KOppenupyeT cO Clennu4ecKuMU acco-
LUMPOBAHHBIMU C THOpYeil CHOCOOHOCTAMMU OTHENTbHBIX
IITaMMOB, KOTOPbI€ He MOTYT OBITh KO/UIEKTVBHO IIPUIIN-
CaHBbI COOTBETCTBYIOMINM BuiaM. Kpome toro, gia MKb
C HE3HAYMTENTbHOM PO/IbI0 B CEHCOPHOI ITOpYe, MOXKHO
IPEeAIONOKUTD OM03AIUTHYIO0 PYHKIVIO B MACE, TaK KaK
OHU MOTYT IPENOCTaBUTH OIArONpUATHYI0 AHTArOHU-
CTUYECKYI0 aKTUBHOCTD IIPOTUB [IPYTUX HeXKeNTaTeTbHbIX
mukpoopranusmos (Pothakos et al., 2015).

MKB kax 6036y0umenu nopuu Maconpooyxmos

Crnoco6HOCTb GakTepuil afanTUpOBaTbCA K YCIOBHU-
AM BHEIIHeN Cpefbl SAB/IACTCS K/IOYEeBBIM (PAKTOPOM B
OIIpeJie/leHN N TOTO, OYAYT /I OHY BBDKMBATD ¥ IPOROTI-
XaTb pacTit. IIcuxpoTpodHbIe MOTTOYHOKNC/IbIE OaKTepun
(MKB) xopo1o afanTipoBaHbl K Cpefie MACHBIX IIPORYK-
TOB, KOTOpas XapaKTepU3yeTCs MUKPOA3POUIbHBIMU
yCoBuAMM Haps/y ¢ 60/ee HUSKMM yPOBHEM a , I B KOTO-
PBIX IPUCYTCTBYIOT XIOPUA U HUTPUT HaTpus (Samelis et
al., 2000). Onipenenennble Busbl poga Lactobacillus, Takne
Kak L. sakei v L. curvatus, IpeACTaBasAOT cCOO0M HOMM-
HUPYIOIIYI0 MUKPODIOPY B CyXux (epMeHTHPOBAHHBIX
konmbacax (Bonomo et al., 2008; Cocolin et al., 2009).

C [pyroit CTOpPOHBI, TAaKXXe CYIIeCTBYeT Oobluas
Tpynma TepMooOPabOTaHHBIX MSCONPOAYKTOB, B KOTO-
PBIX IPUCYTCTBYE MUKPOOPIaHM3MOB U UX MeTabosde-
CKasA aKTMBHOCTDb HEXKe/aTeIbHbI, TAK KaK OHU BbI3bIBAIOT
HOPYY, ¥ TAaKUM 00pa3oM CHIDKAIOT IIPOJIO/DKUTEIBHOCTD
XpaHeHMs1 J[JaHHBIX MsICONpOAyKTOB. Ilcuxporpod-
Hble MOJIOYHOKNC/IbIe OaKTepyuy WUIPal0T KPUTUYECKYIO
PO/b B 3TMUX HeraTMBHBIX 3¢ ¢exTax (Slongo et al., 2009;
Audenaert et al., 2010). VIx npucyTcTBue 4acTo CBsi3a-
HO C BTOPMYHOJ KOHTAaMMHALMel BO BpeMS YIIAKOBKIU U
Hapes3Ky, TaK KaK OHM He CIIOCOOHBI BBDKMBATH B IIPO-
necce Tepmoobpadorkn (Franz, von Holy, 1996). Onna-
KO TaKXKe CYLIeCTBYIOT TepMOYCTOIUYMBbBIE BUMIbI, KOTO-
pble He paspyuarorcs 6ojee BBICOKVMIU TeMIepaTypaMu
(o6praro 70 °C), M KOTOpBIE CHOCOOHBI K JIa/IbHENIIeMy
POCTY PV IPUTOfHBIX YCTIOBMAX.

Duskova et al. (2016) nmpoBenra MUKPOOMOTOrMYeCKIit
aHa/IN3 OTHE/IbHBIX TEXHOTOTMYECKNX OIlepaliil BO Bpe-
M1 IPOMBIIIIEHHOTO IIPOM3BOJICTBA BAPEHBIX OKOPOKOB C
akentoM Ha MKB. O6pasupl oréupanu B TedeHue Bce-
O LIMK/Ia IIPOU3BOJCTBA BAPEHBIX OKOPOKOB B Mae-MIOHe
(9xcriepumenT 1) M HOsIOpe-mekabpe (3KCIEPUMEHT 2).
Bcero 6b110 0TOOpaHO 1 3aTeM uccienoBano 215 ob6pas-
nos. Pasmune B npucyrcreun MKD B MsAce o Tepmoo-
OpabOTKM MPOMCXOAMIO OT MCXOFHOTO YPOBHsI KOHTa-
MMHAIVMM ChIpbs. Bo Bpems Tepmmueckoi o6paboTku
(remneparypa B meHTpe 70 °C/10 MMH.) IPOMCXOAUIIO
caykenne kommdecrsa MKb or 4,0 - 5,0 log KOE/r" msca
fo IpakTudyecku Hynesoro yposH:A. llomymauun MKDB
YBeIMYNBAINCh BO BpeMsl XpaHEHNsI TOTOBBIX IPOAYK-
T0B. YpoBeHb 7,0 log KOE/r! 61 JOCTUTHYT B TOMTHKAX
OKOpOKa, YIIaKOBAaHHOTO B MOAM(UIVMPOBAHHOI aTMOC-
depe, mocie Tpex (9KCIepuUMeEHT 1) Wim ABYX (9Kcmepu-
MEHT 2) HeJle/Ib XpaHeHMs, COOTBETCTBEHHO. B obpasmax
BapeHOro OKOpOKa IHOCjIe TepMoobpaboTKy 6oree 4acTo
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and which are capable of further growth under suitable
conditions.

Duskova et al. (2016) performed microbiological analysis
of individual technological operations during the industrial
production of cooked hams, focusing on LAB. Samples were
taken during the course of the entire cooked ham produc-
tion cycle in May-June (Experiment I) and November-De-
cember (Experiment II). A total of 215 samples were taken
and subsequently tested. The difference in the occurrence of
LAB in meat before thermal processing resulted from the
initial level of contamination of the raw material. A reduc-
tion to the number of LAB from 4.0-5.0 log cfu.g’ of meat
to a value of practically zero occurred during the thermal
processing (core temperature of 70 °C/10 min). The LAB
population increased during storage of the finished prod-
ucts. A level of 7.0 log cfu.g' was reached in slices of ham
in the modified atmosphere after three (Experiment I) or
two (Experiment II) weeks of storage, respectively. LAB of
the genera Leuconostoc (Leuc. carnosum, Leuc. mesenteroi-
des and Leuc. gelidum) occurred most frequently in samples
of cooked ham after thermal processing. These species were
also isolated from the production environment. Lactobacil-
lus sakei, Lbc. curvatus and Weissella viridescens were other
species of LAB that were isolated from samples after thermal
processing (Duskova et al., 2016). The thermal resistance of
Weissella viridescens was studied under laboratory condi-
tions (0.9% NaCl; 50, 60 or 70 °C/5,10 or 15 min.) and in dry
cooked meat products (Kamenik et al., 2015). Nine batches
of hot smoked dry sausage were prepared differing in terms
of the size of the inoculum of W. viridescens (3 log cfu.g”
of sausage batter, 4 log cfu.g”) and the addition of dextrose
(0, 0.1, 0.2, 0.3 and 0.4%). W. viridescens was detected in
samples with a lower concentration of inoculum only after
2 weeks of ripening. But in batches with a higher concentra-
tion of inoculum W. viridescens was detected immediately
after cooking and the number of cfu exceeded 7 log.g” dur-
ing ripening. The addition of dextrose did not influence the
growth of Weissella. Survival of the species W. viridescens in
hot smoked dry sausages was also demonstrated under the
conditions of industrial production.

Duskova et al. (2015) determined the potential spoilage
agent in hot smoked dry sausages. A total of 87 Vysocina
sausages obtained from eight producers in the Czech
Republic were analysed. The number of LAB ranged from
2.00 to 7.88 log CFU/g. Weissella viridescens was found in
30 of the 42 samples positive for LAB (71.4%), in 23 cases
(53.5%) as a monoculture of LAB. An analysis of the factory
environment and raw materials (84 swab samples) for the
presence of LAB was conducted in relation to three producers.
The species W. viridescens was found in just 2.4% of all swabs.
As total of four samples designated for reworking contained
LAB, with three samples being positive for the presence of
W. viridescens, authors suggested that the reworking process
leads to subsequent growth of thermoresistant strains causing
spoilage of the sausages (Duskova et al., 2015.
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Bcrpeyamice MKDB popma Leuconostoc (Leuc. carnosum,
Leuc. Mesenteroides u Leuc. gelidum). 9Tu BUABI Takxe
BBIIEJISUIN U3 TIPOU3BOACTBEHHON Cpenbl. [Ipyrumu Bu-
mamu MKB, koTopsle Bpifensnmm u3 06pasios mocie Tep-
Moob6pabotku, 6bit Lactobacillus sakei, Lbc. curvatus u
Weissella viridescens (Duskova et al., 2016). V3yuamu tep-
MoycroirunBocTh Weissella viridescens B maboparopHbIx
ycnosusax (0,9% NaCl; 50, 60 nwmm 70 °C/5, 10 wmu 15 MyH.)
WIN B CyXUX BapeHbIX Mscompoaykrax (Kamenik etal.,
2015). BpUIO M3rOTOB/IEHO 9 MAPTHUII CYXOil KOIOACH TOps-
4ero KOITYeHNsI, KOTOpble Pasanyaaich M0 06beMy MHO-
kynara W. viridescens (3 log KOE/r! xon6acHoro ¢apura,
4 log KOE/r") n go6aBnenuto gexcrpossr (0; 0,1; 0,2; 0,3
0,4%). W. viridescens 6b11 oripesienieH B obpasiax ¢ 6onee
HM3KOJ KOHLIEHTPALMeN MHOKY/ATA TONbKO I0C/e 2 He-
menb co3pesanys. Ho B dapie ¢ 60/ee BbICOKOI KOHIEH-
Tparuert uHoKynAta W. viridescens 6bU1 OIpefienieH cpasy
Xe Tmocie Tepmoobpaborku, n konnaectBo KOE mpeBbi-
mano 7 log KOE/r! Bo Bpemsa cospeBanus. [lob6asneHue
[IeKCTPO3Bl He OKa3bIBajlo BIMAHMA Ha pocT Weissella.
BeoxuBanue Buga W. viridescens B cyxoit konbace ropsi-
4ero KOMYeHMs TakKXe OBIIO NPOEMOHCTPUPOBAHO B
YCTIOBMSIX IIPOMBIIIIEHHOTO IIPOU3BOJICTBA.

Duskova et al. (2015) onpenensiii mOTeHIAA HOPYY B
CyXMx Kombacax ropsdero KomdeHus. Bcero 6bu10 aHanu-
supoBaHo 87 kombac Vysocina, IOTyYeHHBIX OT BOCHMMU
npousBoputeneit B Yemckoit Peciybnuke. Kommuectso
MKSB 65110 B guanasone 2,00 go 7,88 log KOE/r. Weissella
viridescens 6bU1 0OHapy>keH B 30 u3 42 06pasIioB, 1OI0-
xutenbHblx Ha MKD (71,4%), B 23 cnyuasax (53,5%) kak
MoHoKynbTypa MKB. ¥V Tpex mpoussBoputerneit 6bu1 po-
BeJleH aHa/M3 OKPY’KAIoLell Cpefbl MPeAnpusaTus U Chl-
pbs (84 obpasios cmbiBoB) Ha mpucyrcTBue MKB. Bun
W. viridescens 6b11 0OHapY>keH TONBKO B 2,4% BCeX CMBIBOB.
Bcero 4 o6pasiia, mpenHa3HaYeHHBIX /1 OBTOPHON 00-
pabotku, cogepxanu MKB, pu atoMm Tpu o6pasia 6bUIm
HOJIOKUTETbHBIMY Ha IpucyTcTBUe W. viridescens; aBTOpbI
0/IaTaI0T, YTO MPOLIeCC IOBTOPHOI 06pabOTKY IPUBOAUT
K TOCTIEAYIOIEMY POCTY TEPMOYCTOIYMBBIX IITAMMOB,
BBI3BIBAIOIINX MTopuy Konbac (Duskova et al., 2015).
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Annomauus

Jns cokpauyeHus cpokos omKopma, NOBbIUEHUS UHIMEHCUBHOCTUL
npueecos 6e3 NPUMEeHeHUS 20PMOHO8, AHMUOUOUKOS, AHAOOU-
uecKux npenapamos, a Maxie 07 NOYHeHUS 6biCOKOKAYECTNBeH-
HO020 MACA MPAMOPHOLL CHPYKMYPbl, A6MOPbL UCCTIE008ATU 671U~
AHUE 08APUOIKINOMUU HA UHMEHCUPUKAUUIO MemAabonu1eckux
NpoUeccos c8UHOK. IKcnepumeHmol NposedeHvl 6 yuebHO-oNbiM-
Hom xossaiicmee PTAY-MCXA um. K.A. Tumupssesa PI'VII «Mym-
mosckoe» Amxapckoeo paiiona Capamosckoii o6nacmu. boino 06-
cnedosamo 0ee epynnvt no 10 c6UHOK noPoovL 010POK, 8bIPAU4EHHDIX
8 00UHAKOBDIX YCTI0BUAX. B pesynmvmame axcnepumenma ycma-
HOBIEHO BIUSAHUE 0BAPUOIKINOMUL HA YPOBEHL UHCYTUHONOO00-
Hozo paxmopa pocma (VIOP-1) u nokasamenu memabonueckux
npoueccos céurox. IToomeepicdeHo, 4mo cMUMyIAUUL CUCHIEMbL
COMAMOMPONHbILL 20PMOH - UHCYIUHONO000OHYIIL akmop pocma
(CTI-VIDP), Hapsdy ¢ HacneOCBeHHLIMU Pakmopamis u 0cobeH-
HOCMAMU NUMAHUSA, 6HOCUM CB0TI 6K710 6 PA3BUINILE MbIUIEHHOT]
mxanu. Tax, cmumynsyus cexpeuuu CTI uncynuronodo6Hvim
paxmopom pocma cnocobcmeyerm pazsumuio MolieHol mxa-
Hu. ITosvuuenue yposs VIOP-1 npusodum k 06pasosanuio Ho8vix
MblUeHHbIX B0I0KOH, eunepnnasuu moiuy. Iloce onepavuu éedy-
WUMU PAKMOPAMU USMEHEHUS MACHDIX U OMKOPMOUHBIX NOKA3A-
merieil CBUHOK ABUMUCH NOOBEM Memabonu4ecKotli aKmusHoCmu
MbIUEUHOL MKAHY U TUNUOH020 00MeHa, ycusneHue 8blpabomKu
JI®P-1, obnadatowezo uncynuHono0obHuim Oeiicmeuem u obec-
ne4uBarUsez0 AKMUBAUUI0 y HUBOMHBIX NPOLeccos nponugpepa-
uuu u oupeperyuposku Knemox. Ysenuuerue sHauerus VOP-1
0KA3bl6aJI0 NONOKUMENbHOE 6/IUAHUE HA NOKA3AMENU MACHOU
NPOOYKMUBHOCTNU, XUMUMECKUTI 1 OUOXUMUHECKUTI COCINAS CBU-
HuHbt. OOHOBPEMEHHDITI 3ANYCK CUCINEMHBIX KAMAOoIUu1eckux u
JIOKATIbHBIX AHAOONUYECKUX PeaKyuil Y C6UHOK NOCTie 08APUOIK-
MoMUL cnocoOCcmMe06a noy4eHuro 6osee 8bICOKUX nokasamernei
NULLes0Li eHHOCHU MACA

BBenenmue.

CoBpeMeHHbIe TEXHOJIOTMY B CBMHOBOJCTBE OCHOBbIBA-
I0TCsI Ha IIPOM3BOJICTBE KOHKYPEHTOCIIOCOOHOI!, SKOTIOrmye-
K1 6e30I1acHON IPORYKIMI TP MAKCUMAIbHOM VCTIOTIB30-
BaHIY OVO/IOTMYIECKIX Pe3ePBOB SKMBOTHBIX. MUPOBOII OIIBIT
CTpaH C Pa3BUTHIM CBUHOBOZICTBOM IIOKa3bIBAET, YTO hopMuL-
pOBaHMe Ka4eCTBa MSCHOI IIPOAYKLY HAYMHACTCS C BbIpa-
IMBAHMS XKMBOTHBIX I KOHTPO/IMPYETCS] Ha BCEX y4acTKax
TPOdOIOTITIeCKOI1 Iieny «OT pepMBblI 0 IpyIaBKa» (1).
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Abstract

In order to reduce the time of feeding, increase the intensity of
weight gain without hormones, antibiotics, anabolic drugs,
as well as to obtain high-quality meat with marble structure,
the authors studied the influence of ovarioectomy on the
intensification of the metabolic processes in gilts. The experiments
were carried out in the FGUP “Mummovskoe” - the educational
experimental enterprise of the Russian State Agrarian University
- Moscow Timiryazev Agricultural Academy (RSAU - MAA
named after K.A. Timiryazev), in the Atkarsky district of the
Saratov region. Two groups of Duroc gilts (10 animals each)
raised under the same conditions were studied. As a result of the
experiment, the influence of ovariectomy on the level of insulin-
like growth factor-1 (IGF-1) and indicators of metabolic processes
in gilts were established. It is confirmed that stimulation of the
the somatotropin/insulin-like growth factor (ST-IGF) system
along with hereditary factors and the characteristics of feeding
contributes to the development of muscle tissue. Stimulation
of ST secretion with insulin-like growth factor facilitates the
development of muscle tissue.

An increase in IGF-1 level leads to the development of new muscle
fibers and muscle hyperplasia. After surgery, the major factors
of changes in meat and feeding indicators in gilts were the rise
in the metabolic activity of muscle tissue and fat metabolism,
enhancement of production of IGF-1, which has insulin-like
action and ensures activation of the processes of cell proliferation
and differentiation. Increase in IGF-1 level had a positive impact
on meat productivity, chemical and biochemical composition
of pork. Simultaneous triggering of the systemic catabolic and
local anabolic reactions in gilts after ovariectomy contributed to
obtaining higher nutritional value of meat

Introduction

Modern technologies in pig breeding are based on
production of competitive, environmentally friendly
products with maximum use of biological reserves of
animals. World experience of the countries with ad-
vanced pig breeding shows that the formation of meat
product quality begins with raising animals and is mon-
itored in all sections of the trophological chain “from
farm to fork” (1).



2016 | N?1 TEOPUSI U NPAKTUKA NEPEPAGOTKWU MSICA

ExxeropgHo Ha pepMax cTpaH ¢ pa3BUTHIM CBIHOBOICTBOM
OTKapM/IMBAETCsA 3HAYUTENbHOE KOMMYECTBO CBUHEN, IIPU-
MEpHO, IOJIOBYHY KOTOPBIX COCTABJIAIOT CBUHKI. CBexee, a
TaKKe BapeHoe MsCO U MACHOII Oy/IbOH OT CBIHOK, 3a0UTHIX
B COCTOSIHUY 9CTPYCa IMEIOT CHeI(pIYecKil, HeIPYATHbII
3aI1ax, a TaK >Ke B HeM IIPYCYTCTBYIOT CTePOMIHDIE KEHCKIe
0JIOBbIe TOPMOHBI, KOTOpPbIE ITOC/Ie YIIOTPeO/IeH s B IIIILY
IPYHUMAIOT yYacTye B MeTabo/mi3Me desoeka (11).

B pesynbprare BO3HUKAOIINX KaXK/ble 18-22 THA 0XOTbI
U TEYKN y CBUHOK IIOHVDKA@TCS AIIeTUT, OHU TEPSIOT B
Bece 5-8 KT, BO30y>K/IeHHbIE KBOTHBIE O€CIIOKOAT IPYTUX
CBMHEIL, YTO OTPUIIATEIBHO OTpaXKaeTcs Ha 9P PeKTUBHO-
¢ty oTKOopMa (2). YCTaHOBJIEHO, YTO IPU MHTEHCHBHOM
OTKOpMe HEKaCTPUPOBAHHBIX XXMBOTHBIX, He IIO/Ib3YIO-
IMXCA AKTVBHBIM MOLMIOHOM, Pa3BMBAETCS KOJUIAreHes,
KIVHIYECKY, TPOAB/IAIONMINIICA O0NIe3HAMIU CYXOXUINIA,
CBSI30K, KOCTel, 0COO€HHO KOHEUHOCTel, KOTOpble OTPU-
L[aTe/IbHO BMSIOT Ha MPpUBeECHI (5).

B Hacrosmee BpeMs KacTpalusa XpsSYKOB SBIAETCSA
KOMMEPYECKOI NPAKTUKON, ITOBCEMECTHO VCIIO/Ib3YeTCA
I/ YCTPAaHeHMs CTEePOMJHBIX aHIPOTEHOB B MBIIIEYHOI
TKaHM ¥ HEXXe/IaTeJIbHbIX B HUX KOHI[eHTpaumit mago-
TPO(HBIX (PepPPOMOHOB, BBIfIE/IAEMBIX XPSAKAMU B II€PUOJ
II0/IOBOTO BO30OyX/jeHus (3amaxa xpsika). Croco6sl mpo-
duTakTUKY Crien@ryecKoro 3amaxa y CBUHOK B II€PUOJ
MIO/IOBOTO IIVIK/IA U YCTPAHEHMs MeTaOO/INYeCcKIX CTepo-
UJIHBIX TOPMOHOB IIOCTIe Y6051 0OCY)XJAI0TCsI B IIE€pUO-
AMYEeCKON HAay4HOI IeYaTl, CTAThsSIX IOCBAIIEHHBIX KO-
JIOTMYEeCKUM MeTOZIaM BBIPAIIVMBAHUA CBUHEN Ha YOOI,
TeHeTMYEeCKOI CeleKLUM MPOTHB 3aIlaxa U ayTOMMMYHM-
3aluy IPOTUB CTEPOUAHBIX TOpMOHOB C 19-A 16, OTBETCT-
BEeHHBIX 3a 3amax (7).

B crarbe R.I. Brooks u fip. (3) nmpuseneHs! 61oxmuMmde-
CKIIe TTapaMeTpbl OPMMPOBAHNA CTEPOVIHBIX TOPMOHOB
y OTKapM/IMBaeMbIX CBMHEN, KOTOpble OTBETCTBEHHBI 32
3arax MsCa >KMBOTHBIX.

B nocegHme rofs! pa3pabaThIBAIOTCA TEXHOMTOT N VM-
MYHMU3AIVM IPOTUB TOHAIOTPOINH - PUIN3UHT TOPMO-
Ha (THPT), KoTOpBIE ABNAIOTCA XOpPOIIell aIbTepHATUBOII
I XMPYPIUYECKOl KaCTpalluy CaMI[OB CBUHEIA, C LIe/IbI0
MpefoTBpallleHNsA 3alaxa MsAca M YCTPaHEHU TeCTOCTe-
pOHa U3 )XMBOTHBIX Ipy y0Oe HEKacTPUPOBAHHBIX XPsi-
koB. ABropamu X.Y Zeng, J.A Turkstra, A.W Jongbloed,
J.Th.M van Diepen, R.H Meloen (2002 r) nsyueno Bmu-
sAHMe immunocastration Ha IOKa3aTeM pocTa CBMHEN
oT 25 mo 110 KI. YpoBeHb TeCTOCTEPOHA B I/Ia3Me KpOBIU
IIOC/Ie MMMYHOKACTpaliii YMEHbIIAJICA IOCe IepBoil
UHDEKLUU U JOCTUTAJI YPOBHS XXMBOTHBIX KOHTPOJIBHOI
rpynsl (10).

B HacTosmee BpeMs AUCKyTUPYeTcA mpobeMa (6) mo-
JIy4eHUs 9KOJIOTMYeCK) 0e30IIacHOI MACHOTO ChIPbs Me-
TOZIOM HeJaBHO pa3pabOTaHHOI BaKI[HBI IPOTUB JIIOTe-
HU3UPYIOLEro penusuHr — ¢pakrop ropmona (LH-RH) Ha
IIOJI0OBOE Pa3BUTHE ¥ PACIPOCTPAHEHNE 3allaxa, KOTopas
OblIa MICIIBITAaHA HAa MOJIOABIX XPSIKaX.

ITo cpaBHEHMIO C KOHTPOIBHBIMY CaMIaMI, 3P PeKTuB-
HOCTb KOPMJIEHMsI ¥ KacTpaToB Oblta cHibKeHa Ha 10,0%,
cofiep>KaHMe MBIIIEYHO TKaHM OblIa CHIDKeHa Ha 5,0%,
a cofiep>KaHMe KUpa B Tylle ObUIO yBeInM4eHo Ha 26,0%.
IIpyu 3TOM KOHLIEHTpalysA TeCTOCTEPOHA B I/Ia3Me KPOBI
He OKa3bIBaeT CYLIECTBEHHOTO BIMAHMS HA MAcCy TYIIN,

33

Every year, a significant number of pigs are fattened
on the farms of the countries with advanced pig breeding;
approximately half of them are gilts. Fresh and cooked
meat as well as meat broth from gilts slaughtered in a
state of estrus have a specific, unpleasant odor; more-
over, they contain female sex steroid hormones, which
after ingestion can take part in human metabolism (11).
As a result of rut and estrus in gilts occurring every
18-22 days, their appetite decreases, they lose 5-8 kg of
weight, excited animals disturb other pigs, which ad-
versely affect efficiency of fattening (2). It has been found
that upon intensive fattening of entire animals without
active exercise, collagenoses develops, which is clinically
manifested by diseases of tendons, ligaments, bones, es-
pecially, limbs, negatively influencing weight gain (5).

At present castration of boars is a commercial prac-
tice, which is commonly used for elimination of steroid
androgens in meat tissue and undesired concentrations
of sex pheromones secreted by boars during the period
of sexual excitement (boar taint). The methods for pre-
venting the specific odor in gilts over the period of the
sexual cycle and eliminating the metabolic steroid hor-
mones after slaughter are discussed in the scientific pe-
riodicals, articles dedicated to the ecological methods
of pig raising for slaughter, genetic selection against
odor and autoimmunization against steroid hormones
C 19-A 16 responsible for odor (7).

R.I. Brooks et al. (3) present biochemical parameters
of forming steroid hormones in fattening pigs, which are
responsible for meat odor.

Over the last years, the technologies of immunization
against gonadotropin-releasing hormone (GnRH) have
been developed, which are a good alternative for surgi-
cal castration of male pigs with the aim of prevention of
meat odor and elimination of testosterone from animals
during slaughter of entire boars. X.Y. Zeng, J.A. Turkstra,
A.W. Jongbloed, J.Th. MvanDiepen, R.H. Meloen (2002)
studied the influence of immunocastration on growth
performance of pigs from 25 to 110 kg. After immuno-
castration, the level of testosterone in blood plasma de-
creased after the first injection and reached the levels of
the animals from the control group (10).

At present, there are discussions regarding the prob-
lem (6) of obtaining environmentally friendly meat raw
material using the recently developed vaccine against the
luteinizing hormone-releasing hormone (LH-RH) on the
sexual development and distribution of odor, which was
tested on young boars.

Compared to the control males, efficiency of feeding
was reduced in castrates by 10.0%, muscle tissue content
decreased by 5,0%, and the fat content in a carcass in-
creased by 26.0%. With that, the concentration of testos-
terone in blood plasma did not significantly affect car-
cass weight; while this indicator was seven times lower
(p<001) when using the vaccine compared to the control
intact males. The presented results show that the vaccine
(anti-LH-RH) was effective in reducing the androstenone
levels, decreasing boar taint at slaughter; although it has
a negative effect in terms of animal weight gains (4).

To realize the potential of modern pig breeds, reduce
a fattening period, increase the intensity of weight gains
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B TO BpeMsI KaK JJaHHBbIII I0Ka3aTe/Ib ObUI B CeMb pa3 HIDKe
(p<001) mpy np¥MeHeHNN BaKI[VHBI, YeM y KOHTPOJIbHBIX
VMHTAKTHBIX caMIoB. [IpefcraB/ieHHble pe3y/IbTaThl MOKa-
3bIBAIOT, YTO BakiyHa (anTu-LH-RH) 6112 3¢ dpexTnBHOI
B CHIDKEHMM YPOBHS aHIPOCTEHOHA, YMEHBIIICHN 3aIlaxa
XpsiKa mpu y6oe, XOTS U1 VIMeJIa HeTaTUBHBIN 9 (eKT B OT-
HOIIIEHNY IIPUBECOB MAaCChl )XMBOTHOTO (4).

Jlna peanusanmm TIOTeHIMAna CBUHEN COBpEMEH-
HBIX IIOPOJ], COKpAIleHNsA CPOKOB OTKOPMA, ITOBBIIIEHNSA
VMHTEHCUBHOCTY TIPUBECOB 6e3 NpMMeHeHNS TOPMOHOB,
aHTUOMOTUKOB, AaHAOONMMYECKUX IIPEelapaToB, a TaKXe
HOTy4YeHUsA MsACA C BBICOKMMM CEHCOPHBIMM ¥ (YHKIIVI-
OHA/IBHO-TEXHOJIOTMYECKVIMY CBOJICTBaMy, HeOoOXOmMMO
IIpOBeJieHNe OBaPMOIKTOMIY MOTIOAHAKA CBUHEIL.

Llenpio mccnemoBaHMil ABIANIOCh M3YYeHUe BIVIAHUA
OBAapMO3KTOMIM Ha IOKa3aTe/Ty MeTabOMIMYeCKIX TIPOLiec-
COB, TPOAYKTVBHOCTb CBMHOK 1 IIMIIEBYIO IIEHHOCTD MACA.

MaTepmanm " METOJbI UCCTICTOBAHMA.

OKCIIepUMEHTHI IPOBEN B Y4eOHO-OIBITHOM XO35ii-
crBe PTAY-MCXA um. K.A. Tumupssesa OI'VII «Mym-
MOBCKoOe» ATkapckoro paitona CapaToBCKoit 06macTu.

VccnemoBanns Ha XMBOTHBIX OCYIIECTBJISIUCH B CO-
OTBeTCTBMM C TpeboBaHmsAMU JKeHeBCKOVl KOHBEHILUU
«International Guiding principles for Biomedical Research
Involving Animals» (Geneva, 1990).

Brito o6cnenoBano ABe rpymnmsl mo 10 CBMHOK IIO-
pOZIBI [IOPOK, BBIPAI[EHHBIX B OAMHAKOBBIX YC/IOBIIAX.
[pynmsl OpraHM3OBBIBATNCH C YYeTOM BO3PaCTa, >KI-
BOJI Macchl U (U3UONTOTMYECKOTO COCTOSHMS KUBOT-
HbIX. [IepBbIil 3a60p BEHO3HOII KPOBM U3 YIIHOI BEHBI
y )KUBOTHBIX OBII IIPOBefieH B Bo3pacTe 4 Mecsues (120
nHetl). OBapMOSKTOMNUA CaMOK IIPOBefieHa C JICIOIb30-
BaHIMEM AaHACTe3WM, Ollepalus IIePEHOCUTCS XUBOTHBI-
MU BIIOJIHE Y[ OB/I€TBOPUTENIbHO, IOITOMY 3TOT METOf
PEeKOMeH/yeTCs I/IA IMPOKOTo MpuMeHeHns. [id momy-
YeHNsS CHIBOPOTKM KPOBb M3 YIIHON BEeHBI COOMpanu B
npobupku «Vacutainer» (Hanmonuurens TpunoH-B). ITo-
CJle BBIIe/IEHNS CBIBOPOTKM KPOBIU IIPOBENN OIpefierne-
Hle cofiep>xaHue obmero 6enka (OB), anb6ymnHoB (A),
r1o6ymiHoB (I') 1 oTHOLIeHNA aMTbOYMIHOB/ITOOYIHAM
(K a/r), akTuBHOCTH 1ienouHoit ocdaraser (D), 06-
ment kpeatundocdoknuassr (KK), obuieit makrargeru-
nporenassl (JIIT), o6uero xomecrepuna (OXC), o6mmx
dochomumuaos (ODJI), Tpurmuuepupgos (TT), kamprus
(Ca 06m1.), pocpopa Heopraundeckoro (PH) mpoBopnmn
Ha aBTOMAaTMYeCKOM OymoxmmmdeckoM aHanmusarope CA
- 400. OgHOBPEMEHHO B CBIBOPOTKE KPOBM OIpefe/iain
copepxanue VIOP-1 (mHCynMHONOAOOHDIT dakTOp poO-
cTa-1) MeromoM TBepoda3HOTO UMMYHO(PEPMEHTHOTO
aHa/IM3a C JCIOIb30BaHMEM peaKTuBoB ¢upmbl DSL.
Omnpepenenne VIOP-1 mpoBonuin Ha OCHOBE BBICOKO-
YYBCTBUTEIbHOTO METOfIa C IIPMMEHEHNEeM aHTUTeN K
[IByM Pa3/IMYHBIM CaliTaM JAaHHOTO OeJIKa, 4TO laeT BO3-
MOYXHOCTD BBIABUTD €T0 HU3KMe KOHLeHTpaunn. Komm-
4YeCTBEHHOE onpefenenne copep>kanusa VIOP-1 nposopn-
1n Ha UMMYHO(depMeHTHOM aHanuaartope Stat Fax 1010.

CBMHKaM OIIBITHOJ I'PYIIIBI ObI/Ta IPOM3BEfeHa Olle-
panusa OBapMOIKTOMMs C aHeCTe3Mell 110 OOIIeTPUHATON
MeTOZMKE B OIepaTuBHON xupypruu (5). Xupyprudeckyo
ollepaLMIo OCYILeCTB/LANIN IOCTIef0BATe/IbHO, B TPY 9Talla:
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without hormones, antibiotics, anabolic drugs, and to
obtain meat with high sensory, functional and techno-
logical properties, it is necessary to perform ovariectomy
of young pigs.

The aim of the research was to study the effect of
ovariectomy on the indicators of the metabolic processes,
productivity of gilts and nutritional value of meat.

Materials and methods

The research work was conducted in the “Mum-
movskoe” training farm of RSAU - MAA named after
K.A. Timiryazev in the Atkarsk district of the Saratov
region.

The animal experiments were carried out in ac-
cordance with the Geneva Convention “International
Guiding Principles for Biomedical Research Involving
Animals” (Geneva, 1990).

Two groups of Duroc gilts (10 animals each) raised
under the identical conditions were examined. The
groups were organized according to the age, body weight
and physiological state of animals. The first sampling
of venous blood from the auricular vein of animals was
carried out at the age of 4 months (120 days). Ovariecto-
my of females was performed using anesthesia. The op-
eration is tolerated by animals quite satisfactory; thus,
this method is recommended for widespread use.

To obtain serum, blood was taken from the auricular
vein into the «Vacutainer» tubes (the excipient Trilon
B). After isolation of blood serum, the content of total
protein (TP), albumins (A), globulins (G), the ratio of
albumin / globulin (K a/g), alkaline phosphatase activ-
ity (AP), total creatine phosphokinase (CPK), total lac-
tate dehydrogenase (LDH), total cholesterol (TC), total
phospholipids (TPL), triglycerides (TG), calcium (Ca
total.), inorganic phosphorus (IP) was determined on
the automatic biochemical analyzer CA - 400. Simulta-
neously, the content of IGF-1 (insulin-like growth fac-
tor-1) was determined in blood serum by solid phase
immunosorbent assay using the reagents from the DSL
firm. Determination of IGF-1 was carried out on the ba-
sis of the highly sensitive method with the use of the
antibodies to two different sites of this protein, which
allows identification of its low concentrations. The
quantitative determination of IGF-1 was carried out on
the enzyme immunoassay analyzer Stat Fax 1010.

Ovariectomy of the gilts from the experimental group
was performed with anesthesia by the conventional
method of the operative surgery (5). The surgical opera-
tion was carried out stepwise in three stages: 1 - operative
access, 2 - operation procedure, 3 - final stage. A gilt was
fixed in the left side position with the front part of the
body turned down. The fixation was made in the left side
position on a ladder that was placed at an angle of 45 de-
grees to the horizontal plane. The operation was carried
out in the right iliac area (method of Rukol V.M). In this
operation, the local infiltration anesthesia was used along
the line of a cut with 0.5% solution of Novocain. Skin,
subcutaneous tissues and fascia were cut in the vertical
direction (with regard to a standing animal) directly un-
der the head of femur at a distance of 3-5 cm from it; the
length of the wound was 4-5 cm. Then, the muscle fibers
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TIEPBBIN — OIIEPATUBHBIN JOCTYII, BTOPOII — ONlepaTUBHbI
IpyeM, TPETUil — 3aK/I04YNTe/NbHaA 9acTb. CBUHKY yKpe-
IUIS/I B JIEBOM OOKOBOM IOJIOXKEHUY C OMYIIEHHO BHU3
nepenHert 4acTeio Tesa. PUKCUPOBaM B 1EBOM OOKOBOM
IIOJIOKEHUN Ha JIECTHUIE, KOTOPYIO CTaBVIIN TOJ] YITIOM
45 X TOpU3OHTaNbHOI TocKocTH. OmeprupoBanu B 00-
JacTu mpasoro nozsspoxa (crmoco6 Pykona B.M.). Ipn
[IaHHOJI OIepauuy MPOBOAWIM MECTHYIO MHUIbTpAIy-
OHHYIO aHeCTe3MI0 IO NMHMUM paspesa 0,5% pacTBopoM
HOBOKaMHa. Koxy, MOIKOXXHYI0 K/IeT4aTKy U dacium pas-
pe3anu B BepTUKaIbHOM HampaBleHUM (MO OTHOLIEHUIO
K CTOAIIEMY >XKMBOTHOMY) HEIIOCPECTBEHHO IIOf] MaKJIO-
KOM U OTCTYTISl OT HETO Ha 3-5 CM, JUIMHA paHbl 4-5 cM. 3a-
TeM pa3beSVHIIN 110 XOAY BOJIOKOH MBIIIIIBI U PACCEKIIN,
3aXBaTVB MIHIIETOM, IIPUCTEHOYHYIO OpromuHy. B 6prom-
HYIO IIOTIOCTb BBOZIM/IY YKa3aTe/IbHbIN M CpeHNII aIbIibl
IIpaBOJl PyKU U Ha YPOBHE 5-TO MOSACHMYHOIO NTO3BOHKA,
BO/MU3M TO3BOHOYHMKA U PAJOM C IPSIMON KUIIKOI, OTBI-
CKaM ANYHUK. SIMYHUK BBIBOAU/IN U3 PaHbl U OTKPY4YU-
BalmM MeXAY ABYMA 3axuMaMiu. OTBICKMBaau BTOPOI
SIMYHUK, TlepeMelias ero B 0OpaTHOM HampaBlIeHUU, U
YIAIVUIN TaK K€, KaK IepBBIIL.

Kpast pausr o6pabarsiBanu 5%-HbIM CIIMPTOBBIM pac-
TBOPOM Jiofa. s mpodUIakTUKM MEPUTOHUTA MPUCHI-
Iy paHy IMOPOIIKOOOPa3HBIM aHTUOVOTIKOM.

IToBTOpPHBIT 3200p BEHO3HOI KPOBM y CBUHOK ObLI
ImpoBefieH B Bo3pacTe 6 MecsneB. KOHTponbHbIT y6oit
CBMHEI OCYILIeCTB/IA/ICA TPAUIIVIOHHBIM CIIOCOOOM.

Ha npoTskeHnn sKcIiepMMeHTa CBUHbY KOHTPOIbHOM
U 9KCIIEPMMEHTA/IbHONM M ONBITHOM TPy HaXOAUINCh B
OJJMHAKOBBIX YCTOBMAX KOPMJIEHUA U COEP’KaHMA B CO-
orBerctBun ¢ FOCT 28839-90 (CT C3B 6938-89): 300-
TeXHMYECKIe TPeOOBAHMS K COIEP)KAHMIO HA OTKOPME.

JKnBoTHbIe momyvanmm ocHosHolt panyoH (OP), koro-
PBIIL COCTOST U3 IIIEHUIBI, AIMEH:, OTPyOell, Topoxa I
p>ku. Bo Bcex ombITax mpuMeHEHBI UIeHTUYHBIE CIIOCOOBI
TPAHCIIOPTUPOBKU U HpefyOoiiHO MOATOTOBKU. B BO3-
pacte 180 pHeit O6bIT IpOM3BefeH KOHTPOJIbHBIIL y6oIt 20
JKMBOTHBIX Ha y6orHoi mnomaake B YUXO3e - MCXA
«MyMMoOBckoe» ATkapckoro paitoHa CapaTOBCKOI 06-
mactu. Y60il >KUBOTHBIX MPOBEIEH TPAJUIIIOHHBIM CIIO-
cobom, mnepepabOTKa OCYILIeCTBIEHA METOJOM CbeMa
mkypsl. Ha paspgenky u o0BajKy TylIu Hampas/sIn B
OXJTX/ICHHOM COCTOSIHUU 4epe3 24 4. mocrne ybos. [na
UCCIefoBaHmil oToupanu obpasusl m. Longissimus dorsi
KOHTPOJIbHOJ U ONIBITHOJ I'PYTIIIBI, YIIAKOBBIBAIN B ITOJIN-
STUIEH-TONIMAMIUIHYIO IUVIEHKY U IPOBOJVIIN MCCTIEN0BA-
HMA IO HVDKE ONVMCAHHBIM METOfaM.

Jnsa onmpeneneHnsa MACHON NPOSYKTUMBHOCTY B COOT-
BerctBuy ¢ TOCT P 53221 ncnonb3osanu ciegyolye mo-
KasaTeJIn: KMBYIO MacCy OIpefie/iA/NN B3BellMBaHMEM Ha
Becax ¢ TOUHOCTHIO 10 0,1 KT mocre 24-4acoBO TOMOTHOM
BBIJIEPXKKI IO MOMEHTa y00s; MacCy IapHOI TYIIN — He-
HOCPEACTBEHHO MOCTIe YOOSI )KMBOTHBIX IIyTeM B3BellNBa-
HMA Ha Becax ¢ TOYHOCThIO 70 0,01 Kr; Maccy oxmakfieH-
HOJI TYIIM YCTaHABIMBaINU IpM TemnepaTrype 6 °C depes
24 yaca. YOOIHBII BBIXOJ, OIIPefe/ s/l pacdeTHBIM ITyTeM
10 OTHOLIEHNIO IIPeAyO0ITHOM MacChl KMBOTHOTO K Macce
tymm B nponenTax (TOCT P 53221-2008).

OpHUM 13 OCHOBHBIX [TOKa3areseil MOp(omornueckoro
COCTaBa TYLIV CBUHEI AB/IACTCA KO3PUINMEHT MACHOCTI
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were separated along their direction and the parietal
peritoneum was dissected holding it with forceps. The in-
dex finger and middle finger of the right hand were intro-
duced into the abdominal cavity and the ovary was found
at the level of the 5th lumbar vertebra near the back bone
and rectum. The ovary was pulled out of the wound and
twist off using two clamps. The second ovary was found
moving it in the reverse direction, removed and operated
on similarly.

The edges of the wound were treated with 5% alcohol-
ic solution of iodine. To prevent peritonitis, a powdered
antibiotic was sprinkled onto the wound.

The follow-up samples of venous blood were taken
from the gilts at the age of 6 months. The control slaugh-
ter of pigs was performed by the traditional methods.

During the experiment, the pigs of the experi-
mental and control groups had the same conditions
of feeding and keeping according to GOST 28839-90
(ST SEV 6938-89) “Zootechnical requirements to keep-
ing in fattening”.

The animals received the basic diet (BD), which
consisted of wheat, barley, bran, pees and rye. In all ex-
periments, the identical methods of transportation and
preslaugther treatment were used. Control slaughter
of 20 animals at the age of 180 days was carried out at
the slaughtering station of the “Mummovskoe” training
farm of RSAU - MAA named after K.A. Timiryazev in
the Atkarsk district of the Saratov region. The slaugh-
ter of animals was performed by the traditional method,
their processing by the method of skinning. The car-
casses were sent to cutting and trimming in chilled con-
dition 24 hours after slaughter. For the experiments, the
samples of m. Longissimus dorsi from the experimental
and control groups were taken, packed into a polyeth-
ylene-polyamide film and analyzed by the methods de-
scribed below.

For determination of meat productivity according to
GOST R 53221, the following indicators were used: live
weight was measured by weighing on the scales with a pre-
cision of 0.1 kg after 24 hours of fasting; hot carcass weight
was detected directly after slaughter by weighing on the
scales with a precision of 0.01 kg; chilled carcass weight was
measured at a temperature of 6 °C after 24 hours. Slaughter
yield was derived by a calculative method using the ratio
of preslaughter animal weight to carcass weight in percent-
ages (GOST R 53221-2008).

One of the main indicators of the morphological com-
position of pig carcasses is the coeflicient of meatness -
the ratio of an edible part (flesh) weight to bone weight
(Pozdnyakovsky V.M., 2001; Rogov I.A., Antipova L.V,
2004; Lisitsyn A.B. et al., 2008)

Meat productivity was assessed by eye muscle (cor-
relation dependence between meatness and a cross sec-
tional area of m. Longissimus dorsi). The cross sectional
area of m. Longissimus dorsi was determined 24 hours
after slaughter (4-6 °C) by the method developed by the
All-Russian Research Institute of Animal Husbandry
(1978). To detect this indicator, the cross-sectional cut
of m. Longissimus dorsi was performed between the
last thoracic vertebra and the first lumbar vertebra;
the vertebrae were sawed without distortion of muscle
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- OTHOILIIEHVE MaCcChl CheMOOHON YacTu (MAKOTH) K Mac-
ce kocren (ITosuakosckuit B.M., 2001; Poros M.A.,
Anrtunosa JI1.B., 2004; JIucuupbia A.B. u gp., 2008).

OueHKy MACHOM TNPOAYKTUBHOCTM IPOBOAVMIN IIO
«MBIIIEYHOMY IJIa3Ky» (KOppe/lALMOHHAs 3aBMCUMOCTD
MeX]ly MACHOCTBIO M IUIOIAZbI0 IOMEPEYHOTO CeYeHUs
Mblel m. Longissimus dorsi). Ilnomans momepevHoro
ceyeHNUsA MBIMILI m. Longissimus dorsi cBUHeNl KOHTp-
OJIbHOV ¥ ONIBITHOV TPYyNIl Ompefensnu depes 24 4vaca
nocre y6os (4-6 °C) mo meronmke, pazpaboTanHoit Bee-
POCCUIICKUM MHCTUTYTOM )XMBOTHOBOACTBA (1978 1.). [l
ompefie/ieHNs] JAHHOTO IOKa3aTess MPOU3BOAMUIU IOIIe-
PeuHbIIl pa3pe3 MBIMIEL . Longissimus dorsi MeXHy I10-
CIIeJHUM TPYIHBIM U IIEPBbIM IOACHUYHBIM ITI03BOHKAM,
M03BOHKM PacHVINBA/IN, YTOOBI He HAPYIIUTb pasMep U
CTPYKTYpY Mblibl. Ha mony4eHHbIl paspe3 HaK/IafibIBa-
JIN TIepraMeHTHYI0 OyMary, a 3aTeM IO OTIIeYaTKy HepeHo-
CIIM PUCYHOK KOHTYpa MBIIIIBI ¥ NJITAHMMETPOM OIIpe-
OelsAnn IUIOLIAflb «MBIIIEYHOTO I7Ia3Ka» B KBaJPAaTHBIX
cautumertpax. ([Tosguskoscknit B.M., 2002).

KadecTBO TyurI orjeHnBam 1o MOp¢oI0rn4eckoMy co-
CTaBYy: BBIXOJ] MbIIIEYHOM, >KUPOBONM U KOCTHOM TKaHe.
[ onpeneneHnsa MOpQOIOrMIecKOro cocTasa TYII Ipo-
BOAVIN MX 00BAJIKY, IpelapypoBaHue MAKOTHON TKaHU
U OHpefe/IsiNY MPOLEHTHOE COOTHOILIEHME MBIIIEYHOI],
KOCTHOM U COeAUMHUTETbHON TKaHEe.

bronorndeckyo 11eHHOCTb CBMHMHBI OLIEHMBAIU IIO
Be/IMYMHE KauecTBeHHOTo OenkoBoro mokasarensa (KBII),
XapaKTepU3yIero KOMNYeCTBO COfiep>kaHusA B Oenke
msca m. Longissimus dorsi 3aMeHMMBIX U He3aMeHMMBbIX
aMIUHOKICTIOT, TNPEJCTAaBUTEAMY KOTOPBIX SABJSAITCA
OKCUTIPOTIMH U TpuntodaH COOTBETCTBEHHO. Bemmumua
6€KOBOT0 KaueCTBEHHOTO ITOKA3aTess ONpefeNnsieTcsl OT-
HOIIIEHVeM KOM4YeCTBa TPUITO(aHa K OKCUIIPO/INHY.

XUMMUECKNIT COCTaB CBUHMHBI ONpee/IsiiN 10 Cpefi-
Heil mpobe MsAKOoTHON dYactu Tyum. Ot6op mpob ocy-
mectBaAmu B coorBeTcTBum ¢ FOCT 7269-79. [Ina npo-
BefleHNUS WCCIeNOBaHMII MPOObI Msca MU3MeTbyanu Ha
3NIEKTPMYECKOIT MACOPYOKe U TIIATe/IbHO MepeMelBaIy,
HOMeIa/IY B CTEK/IAHHYI0 OaHKY C MPUTEPTOIL MIPOOKOIL,
U XpaHWIN OpU TemnepaType ot 3 1o 5 °C B TedyeHue 24 4.

MaccoBylo [OMI0 B/Iary ONPEeReNANN METOHOM BBICY-
HIMBAaHUS HaBECKU JI0 MOCTOSHHON Macchl npu t=105 °C
o FOCT P 51479-99 (MCO 1442-97).

MaccoByo pomio  6enka  OIpeResnsinim
Ksenpgans mo TOCT 25011-81.

Maccosyo pmomio >xmupa — MetomoMm Cokcriera Io
I'OCT 23042-86.

MaccoByIo 1010 3071bl OIIPERENANN 030/IEHMEM BBICY-
IIEeHHON HaBecKM B MydenbHoit meun mpu t=500-700 °C
JIO TIOCTOSIHHOM MacCCBhI.

BrarocssspiBatoinyio criocobHocts (BCC) onpenernsi-
I METOZIOM IIPeccOBaHMs Ha (QUIBTPOBANbHON Oymare
o Ipay-Xammy B Moguduxauym Bononuckori-Kenpman.

Bemunny pH usmepsinu B Mbine m. Longissimus dorsi
¢ moMoIbI0 IopTaTuBHOro pH-meTpa depes 1 yac u 24
vaca nocrte y6ost o TOCT P 51478-99 (MICO 2917-74).

CopneprkaHre aMUHOKICIOTHI TpunTodaHa ompeensi-
I KOTOPUMETPUUECKMM METO[IOM IO Pa3BUTUIO IIBET-
HOJI peakIuy MeXAy IPOAYKTaMM paclaja TpUITodaa,
00pasyoINMICAIIPUEr006pabOTKe KOHI[EHTPUPOBAHHOI

METOJIOM
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size and structure. The obtained cut was covered with
parchment, the contour pattern of the muscle was trans-
ferred according to the print, and the eye muscle area
was determined with a planimeter in square centimeters
(Pozdnyakovsky V.M., 2001).

Carcass quality was determined by the morphologi-
cal composition: yield of muscle, fat and bone tissues.
For determination of the morphological composition of
carcasses, they were trimmed, meat tissue was dissected,
and the percentage ratio of muscle, bone and connective
tissues were detected.

Pork biological value was assessed by the protein qual-
ity indicator (PQI) characterizing the content of essential
and non-essential amino acids (which representatives are
oxyproline and tryptophan, respectively) in meat protein
from m. Longissimus dorsi. The protein quality indicator
is determined by the tryptophan/oxyproline ratio.

The chemical composition of pork was determined by
the average sample of the flesh part of a carcass. Sampling
was carried out according to GOST 7269-79. For analysis,
meat samples were minced using an electric mincer, thor-
oughly mixed, placed in a glass jar with ground stopper
and stored at a temperature of 3 to 5 °C for 24 hours.

The moisture mass fraction was determined by the
method of specimen drying to the constant mass at 105 °C
according to GOST R 51479-99 (ISO 1442-97).

The protein mass fraction was determined by the
Kjeldahl method according to GOST R 25011-81.

The fat mass fraction was determined by the Soxhlet
method according to GOST R 23042-86.

The ash mass fraction was determined by incineration
of a dried specimen in an incinerator at a temperature of
500-700 °C to the constant mass.

The moisture binding capacity (MBC) was determined
by Grau - Hamm filter-paper press method in modifica-
tion of Volovinskaya-Kelman.

pH value was measured in the m. Longissimus dorsi
using a portable pH meter one hour and 24 hours after
slaughter according to GOST R 51478-99 (ISO 2917-74).

Tryptophan content was determined using the colo-
rimetric method by development of the color reaction
between the products of tryptophan degradation formed
when treating it with concentrated hydrochloric acid and
n-dimethylaminobenzaldehyde in the presence of sodi-
um nitrate.

Oxyproline content was determined by Neuman and
Logan method in modification of VNIIMP. The method
is based on oxidation of oxyproline released at oxidation
of a specimen by 6 M hydrochloric acid and color reac-
tion of the products of its oxidation with para-dimethyl-
aminobenzaldehyde. An intensity of color development
was measured with a spectrophotometer.

The protein quality indicator was determined by the
calculative method (the tryptophan/oxyproline ratio).

Fatty acid composition was determined using the gas
chromatograph «Hewlett Packard» (USA) with the cap-
illary column HP-INNOWax 30x32x0.15 and the auto-
matic software for processing of chromatographic data
Winpeak from Bruker-Franzen Analitik SCPA Winpeak
(Germany) using Folch method; the index of fatty acid
saturation was calculated by the ratio of saturated to
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COJITHOM KUC/TOTOM U M-TUMETUIAMUHOOEH3A/IbAErUL0M
B IIPUCYTCTBUY HUTpATa HATPISL.

Copep)xaHre aMIHOKMC/IOTBI OKCUIIPOJIMHA OIIpefie-
nsn o Merony Neuman R. n Logan M. B Mogudukannm
BHUMMII. MeTojs, OCHOBaH Ha OKUCI€HUY OKCUIIPOJIN-
Ha, BBIJIeJICHHOTO TPV OKVCIEHUY HaBeCKy 6 M conaHoI
KICTIOTOL, 11 IIPOBeJeHNN IIBeTHO peaKIuy IPOSYKTOB
ero OKMCIeHUs C MapafrMeTUIaMIUHOOeH3aMbIerUIOM.
V3mepeHVe MHTEHCUBHOCTY Pa3BUBAIOLIENICA OKPAaCKU
MPOBOJVIIN C IOMOLIBIO CLIEKTPOdOTOMETpA.

DenkoBbIl KayeCTBEHHBIN II0OKa3aTeNlb OINpefesian
pacyeTHBIM MeTOIOM (OTHOLIEHMEM COfepKaHWsI TPUII-
To(aHa K COfep>KaHNI0 OKCUIIPOJINHA).

JKMPHOKNCTIOTHBINT COCTaB OIpefensany Ha Ta30BOM
xpomarorpade «Hewlett Packard» (CIIA) ¢ xammurap-
Hoit kormoukoii HP Innowax 30x32x0,15 mkm u aBTOMa-
TUYECKONl MPOrpaMMoil 06paboTkm xpomarorpaduye-
ckux gaHHbIx Winpeak ¢upmbr Bruker-Franzen Analitik
SCPA Winpeak (Iepmanus) mo merony QPomda; mHpeKc
HaCBIIIEHHOCTY KVPHBIX KVCIOT PaCCYNTHIBAJIN 110 COOT-
HOIIIEHNIO HACBHIIIEHHBIX KMPHBIX KICIOT K HEHACBHIIIIEH-
HBbIM (23). JI/Is1 OLIEHKM >KMPHOKMCIOTHOI COaIaHCUpo-
BaHHOCTM WCIIO/b30BAJICA KPUTEPUI, MpefCcTaBIAINUil
c06011 YaCTHYIO MHTEPIIPETALNIO OOIIero KpUTepys aju-
MEHTApHON aJleKBaTHOCTH, NPEIOKEHHOTO aKa/ileMuKa-
mu JIumaroseiM H.H. n JIncuipiabim A.B.:

n
RL = (G d Li) m
. (2.2)
rae du=Li/ L., ecmu Li < Ly (61)
ndy=(Li/Lai)tecmm L; > Ly (6.2)

R; - k03¢ duIeHT XUPHOKNCIOTHOTO COOTBETCTBHA,
IO €fL.;

L: - maccoBas 1ons i-TOM >KMPHON KUCIOTHL B ChIPbE,
r/100 1 >xupa;

L. MaccoBasd [ONA i-TOM O>KUPHOM KUCJIIOTBI,
COOTBETCTBYIOLIasl  (PU3MONOINYIECKM  HeOOXORMMOIL
HoOpMe (3Taony), r/100 r >xnpa;

i=1 cootBeTcTByeT cymme HIKK, i=2 — cymme MHIKK,
i=3 - cymme ITHIKK.

AMVHOKUCTIOTHBINI COCTaB Oe/lKa MBIIMIEYHON TKa-
HU CBMHE OIpefensAncsl Ha aMUHOKUC/IOTHOM aHa-
mmsarope PMA GmbH Abacus coBmecTHO ¢ coTpyz-
HMKaMM B ucHbITarenbHOM neHTpe «I'HY BHUNVMII
uMm. B.M. TopbaroBa». [Insa aroro 6buium OTOOpaHbI U
IopaboTaHbI MPOOBI AIVHHENIIe MBIl CIVHBI XKI-
BOTHBIX. VICIIONIb30BaHHBII METOJ, II03BOJISIET CTAOUIb-
HO OIIpeNeNATb C TOYHOCTBbIO +5% Hanu4dye B BOJHOM
pacTBope 17 aMMHOKUC/IOT C MMHMMA/IbHBIM YPOBHEM
comep>xanus B pactsope 0,510,006 mxMonb/mn. O6cuer
XpOMaTOrpaMM IPOBOZIAT C MCIO/Ib30BAaHUEM KOMIIbIO-
TepHoIt mporpammbl « Winpeak V 3.24» ¢upmer «Eppen-
dorf-Biotronik» (Tepmanus).

MaccoByto 107110 KaXKI0ii aMMHOKUCIOTH X BT Ha 100 T
6erka paccunThIBaIN 110 popmyrte:

X=2,86 x (S:MV.)/ScnmV: (2.3)

rge S, — IIoIMmaab MK COOTBETCTBYIOIeN KMC/IOThI Ha
aMMHOTpaMMe, MM?;

Sem — IUIOLIA[b MUKA aMMHOKUC/IOTHI B CTAHZAPTHOM
pactBope, MM
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unsaturated fatty acids (23). To assess the fatty acid bal-
ance, a criterion was used, which represented the partial
interpretation of the general criterion of the alimentary
adequacy proposed by academicians Lipatov N.N. and
Lisitsyn A.B.:

n
Ri= (Gdw) m (2.2)
i=1
where dri= Li/ La;, if Li <L (6.1)
and dui = (Li / Lai) -1 if Li >Loi (6.2)

Ri— coefficient of the fatty acid correspondence,
fractional units;

Li- mass fraction of the i fatty acid in raw material,
g/100 g of fat;

L.i- mass fraction of the i fatty acid corresponding the
physiologically necessary norm (reference), g/100 g of fat;

i=1 corresponds to the sum of UFA, i=2 - to the sum of
MUFA, i=3 - to the sum of PUFA.

The amino acid composition of pork muscle tissue
protein was determined on the amino acid analyzer
PMA GmbH Abacus in cooperation with the researchers
of the testing center of FGBNU V.M. Gorbatov VNIIMP.
To this end, the samples of m. Longissimus dorsi were
taken and prepared. The used method makes it possible
to determine with a precision of + 5% the presence of 17
amino acids in an aqueous solution with the minimal
level of the content in a solution 0.5£0.006 mkmol/ml.
Processing of chromatograms was carried out using the
computer program WinpeakV 3.24 from Eppendorf-
Biotronik (Germany).

A mass fraction of each amino acid X in g per 100 g of
protein was calculated by the equation:

X=2,86 x (SuMV1)/Sen m V> (2.3)

where S, - peak area of the corresponding amino acid
on the aminogram, mm?;

Sem — peak area of the corresponding amino acid in the
standard solution, mm?;

M - molecular mass of an amino acid, Da;

m-mass of a sample, g;

Vi- volume of an analyzed sample, pl;

V2 - volume of an injected sample, pl;

2.86 - correction factor.

The amino acid indices were calculated by the ratio
of the sum of essential amino acids (EAA) to the sum of
non-essential (NEAA) amino acids and by the ratio of the
sum of essential amino acids to the total sum of amino
acids.

The coefficient of utility (nj) of any essential amino
acid characterizes a potential efficiency of its use, nu-
merically characterized by a balance of essential amino
acids with respect to the physiologically necessary norm
(reference value).

Uu=C 3 Ayr./ 3 A
min ]él Mj ]El J

The indicator of the comparable excess of the amino
acid content (0) characterizes a total mass of the essen-
tial amino acids that are not used for anabolic needs.
The coefficient of comparable excess of the amino acid

(2.4)
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M - MonexynapHas Macca aMMHOKUCTIOTHL, Jla;

m — Macca HaBeCKU, T;

V, - 06beM aHa/mM3MPyeMoit IPOGBI, MKTT;

V, - 06beM BHOCHMOII TPOODI, MKJT;

2,86 — onpaBOYHBI K09 PMLIMEHT.

AMIHOKUCTTOTHBIE MHJEKCHl PaCCUNTHIBAIN TI0 OTHO-
IIEHNI0 CyMMbI He3aMeHMMbIX ammHokucrnor (HAK) x
cymMe 3aMeHuMBIX (3AK) 11 110 OTHOIIEHMIO CYMMBI He3a-
MEHVMBIX aMIUHOKIC/IOT K O0IeMY COlep)KaHII0 aMIHO-
KICTIOT B 00pasiax (24).

Koadpouunent yrunurapuoctu (nj) moboit Hesame-
HIMOJ aMMHOKIC/IOTBI XapaKTepu3yeT IOTEeHIMATbHYIO0
3 HeKTUBHOCTD ee MCIOMb30BAHNSA, YMCIEHHO Xapak-
TepU3YIUIICA COATaHCUPOBAHHOCTBIO He3aMEeHVMbIX
aMMHOKMC/IOT MO0 OTHOLIEHNIO K HU3UOTOTMYECKN HeoO-
XO[VIMOJ HOpMe (3Ta/IOHHOMY 3Ha4eHUIO).

k k
U=C . Y Ay ./ > 4 (2.4)
min =) M;j 21
[Tokasaresib  «COMOCTABUMOI M3OBITOYHOCTH»  COTIEP-

JKaHVA He3aMeHUMBIX aMVHOKNUCIOT (0) XapaKTepusyeT
CYMMapHYI0 MacCy He3aMeHUMBIX aMUHOKUC/IOT, He JC-
HO/Ib3yeMbIX Ha aHabomdeckre HYXabl Koadduument
COMOCTABMMOI M30BITOYHOCTY COfIEPXKaHMsI He3aMeHVMBIX
AMVHOKVIC/IOT, XapaKTepM3yIOIero CyMMapHYI0 MacCy He-
3aMeHMMBIX aMMHOKVICTIOT, He MCIIONb3YeMbIX Ha aHabomm-
YecKye HyX/bl B TAKOM KO/IMYECTBe OeIKa OLleH/BAeMOro
HPOAIyKTa, KOTOpPOE SKBMBAJIEHTHO IO UX IOTEHIVAIBHO
YTWIN3UPYEeMOMY COflep>KaHNIO CTa TpaMMaM OeJIKa 9TaIoHa:

A )
Mj

rzie Ciin — MUHMMA/IBHBI CKOP HE3aMEHVMBIX aMITHOKIIC-
JIOT OLIEHBAeMOTO Oe/IKa 110 OTHOIIEHNIO K (PVM3MO/IOTNYeCKI
HeoOX0oaMMoit HopMe (9Ta/IoHY), % VIV TOMV eVHNLIBL;

Cj — cxop j-oit He3aMEHMMO aMMHOKVCTIOTHI 110 OTHO-
IIEHNIO K PU3MOIOTNYIecKy HeoOX0AMOoll HopMe (3Tano-
HY), % VU IO/ eAVHULIBL;

Aj - MaccoBas JJ0714 j-Oif He3aMeHMMOM aMUHOKICIIO-
TBI B IPOAyKTe, I/100 T 6enka,

A — MaccoBas IO/ j-Ol He3aMEHUMOI aMUHOKICIIO-
TBI, COOTBETCTBYIOUIAsA (PU3NOTIOTMYECKM HeoOXOAMMOII
HOpMe (3Tanony), /100 r 6enka;

RL- k03¢ uImeHT panyoHaaTbHOCTU >XMPHOKUCTIOT-
HOTO COCTaBa, npyu (i=1..3) olleHMBaeTCA IO CyMMaM Ha-
CBIIIEHHBIX, MOHOHEHACBHIIIEHHBIX ¥ IIO/IMHEHACHIIIeH-
HBIX >KMPHBIX KICIIOT, IpH (i=1..5) — ¢ y4eToM IMHOIeBOII
U JIMHOJIEHOBOM >KMPHBIX KUCTIOT.

MUKpOCTPYKTYpHBIE WUCCHAEOBAaHMA B  MBbIIIIE
m. Longissimus dorsi IpOBOAV/IV COBMECTHO C COTPY/HU-
kamu B THY BHUVIMII um. B.M. Top6aroBa B mabopa-
TopuUM MUKPOCTPYKTYpbl Msica mo OCT P 51604-2000.
O6pasipl Tkanu bukcuposanu B 10%-HOM HeTpaTbHOM
¢dopmanuue. O6e3BOXKMBaHME IPOBOAMIN B CIMPTAX
BOCXOJjsilllell KOHIIEHTpAIyy, 06e3BOXKeHHbIe 00pasIibl
3aymBay B napaguH. 14 oKpalmBaHuA MCIOTb30BaIN
TeMaTOKCU/IVH U 303MH.

CraTuctudeckasi 06paboTKa ONBITHBIX JAaHHBIX IIPO-
BOJWIACH C UCIIONMb30BaHUEM HAJCTPONKM «AHANIN3 JjaH-
HBIX» TabmaHoro npoueccopa MS Excel 2010 Ha ocHOBe
kpurepues @umepa u Croiogenta mo [OCT P 50779.11-2.

/C .
min

k
o=

(A.—C
J=1

J  “min
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content (0), which characterizes a total mass of the essen-
tial amino acids not used for anabolic needs in an amount
of protein that is equivalent by their potentially utilizing
content of the 100 g of the reference protein:
k
o=

A.-C . -4
j:l( J len M])

where Cni» — minimal score of essential amino acids
of a protein under investigation with respect to the
physiologically necessary norm (reference), % or unit
fractions;

C; - score of the j™ essential amino acid with respect
to the physiologically necessary norm (reference), % or
unit fractions;

Aj - mass fraction of the j™ essential amino acid in a
product, g/100 g of protein,

A,j - mass fraction of the j™ essential amino acid
corresponding to the physiologically necessary norm
(reference), g/100 g of protein;

RL- coefficient of rationality of fatty acid
composition at (i=1..3) is assessed by the sum of
unsaturated, monounsaturated and polyunsaturated
fatty acids; at (i=1..5) - taking into account linoleic and
linolenic acids.

Microstructural investigations of the m. Longissimus
dorsiwere carried outin cooperation with theresearchers
of FGBNU V.M. Gorbatov VNIIMP in the laboratory
of meat microstructure under GOST R 51604-2000.
The tissue samples were fixed in 10% neutral formalin.
Dehydration was carried out in alcohols of the
increasing concentrations; the dehydrated samples
were embedded into paraffin. Haematoxylin and eosin
were used for staining.

Statistical processing of the experimental data
was carried out using the Data Analysis tool in
MS Excel 2010 based on the Student’s t-test and Fisher’s
Test according to GOST R 50779.11-2.

Results and Discussion

/C

min

The conducted experiments established that insulin-
like growth factor (IGF-1) increased after ovariectomy
of gilts (Fig. 1). With that, serum total protein increased
L11 times, albumin 1.17 times and globulins 1.06 times
compared to the indices in the control group of gilts which
indicate the systemic catabolic and anabolic processes in
gilts after ovariectomy (Fig. 2).

As a result of the research, it was found that in pigs of
the experimental group underwent ovariectomy, the level
of IGF-1 grew significantly (78.2 ng/ml; P <0.001) by the
age of 10 months, which was accompanied by a significant
rise in the content of TP (by 10.4%) CPK (by 30.1%), AP
(by 15.38%), LDH (by 165.3%), as well as TC and TPL
(Fig. 3, 4) in comparison with the control group.

It was established that an increase in IGF-1had a positive
effect on meat productivity, chemical and biochemical
composition of pork.

According to the results of the measurements of the
average daily weight gain, anthropometric parameters of
the control and experimental animals, it was found that
the changes occurred in the body of the sterilized pigs,
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Pesynbrarsl u 00CyKeHMe.

[TpoBemeHHBIMY MCCTEOBAHNMAMY (pUCYHOK 1) ycTa-
HOBJIEHO, YTO IPU OBApPMOIKTOMMM CBUHOK IIPOMCXO-
[UT HOBBIIIEHNE YPOBHA MHCYIMHONORZOOHOTO (aKTo-
pa pocra (MI®OP-1). [Ipu 9TOM NpOUCXOZUT MOBBILICHIE
ypOBHs o61ero 6enka B CBIBOPOTKe KpoBu B 1,11 pasa,
anpbymuHa B 1,17 pasa, a riio6ynnHoB B 1,06 pasa B cpas-
HEHUU C II0Ka3aTe/sIM) KOHTPO/IBHOI TPYIIBI CBUHOK,
YTO CBUMETENBCTBYET O CUCTEMHBIX KaTabONMMIeCKUX U
aHabO/MMYeCKNX peaKUMsAX Y CBUHOK II0C/Ie OBAPMOIKTO-
My (PUCYHOK 2).

B pesynbTare BBHIIIOTHEHHBIX MCCTIEJOBAHNUII YCTAHOB-
JIEHO, YTO y CBMHOK OIIBITHOJ IPYIIIbI, TOABEPTIINXCS
OBAapMO3IKTOMMM, K 10 MecAnaM 3HaYMTENbHO HapacTasu
yposerb VIOP-1 - 78,2, ur/mn (p<0,001), 4TO composo-
XKJIa7lI0Ch 60jiee CyIIeCTBEHHBIM IO BEMOM COREPKAHMNS
OB (na 10,4%), KK (ua 30,1%), II® (na 15,38%), JIAT
(165,3%), a Taxke OXC n ODJI (pucynknu 3, 4) o cpas-
HEHMIO C KOHTPOJIbHOM T'PYIIION.

Puc. 3 - AkTuBHOCTD pepMEHTOB B CBIBOPOTKE KPOBY CBUHEN IOPO-
JibI IIOPOK KOHTPOJIbHOI 1 OTBITHON Tpy1 (1=10), en/n

Figure 3 - The enzyme activity in blood serum of the Duroc pigs in
control and experimental groups (n = 10), U/L

YcranoBeHo, 4TO yBenmdeHnne sHaueHusa VIOP-1 oxa-
3BIBAJIO ITOJIOXKUTE/IbHOE BIIMAHME Ha TIOKa3aTeIN MACHON
HIPOAYKTUBHOCTM, XUMMUYECKMII M OMOXMMUYECKUI CO-
craB cBUMHIMHBL. Ilo pesynpTaraM m3MepeHUI CpefHeCy-
TOYHBIX IPMPOCTOB YKMUBOJ MaCChl, AHTPOIIOMETPIUYIECKIX
ITapaMeTPOB KOHTPOJIbHBIX I ONBITHBIX )XMBOTHBIX, yCTa-
HOBJIEHO, YTO B OpPraHM3Me€ CTEPVUIM30BAHHBIX CBMHOK
HACTYIAIOT U3MeHeHMsI, O/IarOIPYATHO BIMAIOLINME HA UX
VHIBUIyalbHOE pa3BuUTHE (PUCYHOK 5, 6).

IloBpImeHNE CpeSHECYTOYHBIX IPUPOCTOB >KUBOI
Macchbl Y CBMHOK OIIBITHOM TPYIIbl YBEIMYMIOCH Ha
33,43% (p<0,05), pmuubl Tynosuma Ha 11,0% ( p< 0,05),
obxBara rpyau Ha 35,6% (p<0,05) B cpaBHEHUM C IIOKa3a-
Te/IAMY KOHTPOJIbHOV TPYIIIIbI CBUHOK.

Y60i1 >XKMBOTHBIX IOKa3aJl, YTO CBMHKM IIOJOIBITHON
TPYTIIBl VIMENN SIBHBbIE IMPEMMYIIECTBA IO CPAaBHEHMIO C
KOHTPOJIbHOII IPYIIIOi CBUHe (Tabmuua 1).

" 78,21

Copnepixanue, Hr/i - Content, ng /1

Hucynnnononodnstii paxrop pocra-1 | Insulin-like growth factor -1

Mounoansik 4 mec. |
Young animals 4 months

Kourposs 6 mec. | _ Onbir 6 mec. |
Control 6 months  Experiment 6 months

Puc. 1 - Cogepxxanne VIQP-1 B cbIBOPOTKE KPOBY CBUHEN HOPOJBI
JIOPOK KOHTPOJIBHOII 11 ONBITHOI rpymi (n=10), Hr/n

Figure 1 - The content of IGF-1 in blood serum of the Duroc pigs in
control and experimental groups (n = 10), ng/l

100

® Young animals 4 month B Control 6 month
90 4 mec. K 6 mec.

® Experiment 6 month
OnbiT 6 Mec.

80

70

60

Content g/l | Copepanue, r/n

Total protein | O6wuit 6enok

Albumen | Anbbymun Globulin | Tno6yanH

Puc. 2 - bBenxoBplil cocTaB B CbIBOPOTKE KPOBY CBUHEN IOPOABI
JIOPOK KOHTPOJIBHOIA 11 ONBITHON rpym (1=10), r/1

Figure 2 - The protein composition in blood serum of the Duroc pigs
in control and experimental groups (n = 10), g/1

Puc. 4 - JlunupHeii mpoduIb CBIBOPOTKM KPOBY CBUMHEN MOPOJBI
IIOPOK KOHTPO/IBHOII 1 OIBITHON rpynil (1=10), Mo/b/1

Figure 4 - The lipid profile of blood serum of the Duroc pigs in control
and experimental groups (n = 10), mole/l

Table 1 - Indices of meat productivity of the Duroc pigs at the age of 180 days (M = m; n = 10 in each group)
Ta6muua 1 - Iokasarenn MACHOI HPOXYKTUBHOCTY CBYHEIT ITOPOABI NIOPOK B Bo3pacre 180 aueii (M+m; B Kaxpoii rpymime n=10)

Indicator | Ilokasarennb Control group | Kontponsnas rpynna | Experimental group | OnpiTHas rpynma

IP}re-slauguhter live weight, kg | 82,0520,34 89,55+0,37*

pemy0oiinas »xuBas Macca, K&
Hot carcass weight, kg | Macca mapHoii Tyuum, Kr 54,00+0,54 60,71+0,57*
Carcass yield, % | Boixog Tymu, % 58,82+0,29 67,79+0,27*
Chilled carcass weight, kg | 50,36+0,19 59,66+0,16**

acca OX/TaXIEHHOI Ty, KT

Note:  *p<0.05; % ** p<0.01% (from this point onwad) IIpumevanue: *p<0,05; % **p<0,01, 3mech u ganee
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Puc. 5 - Jlunamuka cpefHECYTOYHBIX IIPUBECOB XMBO MacChl CBY-
HOK B KOHTPOJIbHOJI IPYIIIIe

Figure 5 - The dynamics of the average daily weight gain of the gilts in
the control group

I[Tpy 9TOM YCTaHOBJIEHO, YTO CBUHKI OIIBITHOI TPYIIIIBI
IPeBOCXOMM/IV aHAJIOTOB KOHTPOJIBHON TPYIIIIBI 11O TIPef-
yb6ortHoit Macce Ha 9,14% (p<0,05), macce mapHOil Tymm
- Ha 12,43% (p<0,05), BpIxOmy Tyum — Ha 1,97%, mmo oxa-
JKJIeHHOU Macce — Ha 11,87% (p<0,05) cOOTBETCTBEHHO.

Jl71s1 M3y4eHus1 cocTaBa MsICHOTO CBIPbS IIPOBE/IN aHa-
nu3 MOPQONIOTMYECKOr0 COCTaBa MBIIIEYHON TKaHU CBU-
HOK, Y9aCTBYIOIIMX B 9KCIIePYMEHTA/IbHOI paboTe, 13 obe-
ux rpyn (Tabmmia 2).

OnbiTHaA rpynna
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Figure 6 - Dynamics of the average daily weight gain of the gilts in the
experimental group

which favorably influenced their individual development
(Figure 5, 6).

An increase in the average daily weight gain in the gilts
of the experimental group was higher by 33.43% (P > 0.95),
body length by 11% (P > 0,95), chest circumference by
35.6% (P > 0,95) compared to the control group.

Slaughter of the animals showed that the gilts of the
experimental group had clear advantages compared to the
control group (Table 1).

Table 2 - Morphological composition of carcasses of the experimental Duroc pigs (M + m; n = 10)
Ta6muua 2 - Mop¢onorndeckuit COCTaB TYII IOJONBITHBIX CBUHEI TOPOfbI TIOPOK (M+m, n=10)

Indicator | Control group | Experimental group |

IToxa3arenn KonTponbHasg rpynna OnbpITHaA rpynmna

Muscle tissue content, kg | CopepixaHue MbIIIEYHOI TKAaHU, KT 32.82+0.16 36.58+0.24*

Muscle tissue yield,% | Bsixop Mpineynoit Tkanu, % 60.94+0.33 61.32+0.29

Bone tissue content, kg | Cogepixanne KOCTHOI TKaHM, KT 6.51+0.06 7.23+0.07**

Bone tissue yield, % | Boixon koctHoit Tkanu, % 12.19+0.03 11.09+0.04

Fat tissue content, kg | CopeprkaHue >XMPOBOIT TKAaHY, KT 14.53+0.14 16.15+0.22*

Fat tissue yield, % | Berxop >xupoBoit Tkanu, % 26.97+0.04 26.89+0.05

Meatness coefficient | Koadpuument mscnoctn 5.04 5.20

Lean content coefficient | Koadpuument moctHoctn 2.26 2.28

Muscle eye area, cm? | IIn0mjagh MbINIEYHOTO [TTa3Ka, CM> 1.93+0.02 2.19+0.01*
Note:  *p<0.05; % ** p<0.01% (from this point onwad) IIpumevaHue: *p<0,05; % **p<0,01, 3mech 1 ganee

ITpn oneHke MOp(OIOTNYIECKOTO COCTaBa MsCa yCTa-
HOBJIEHO, YTO CBMHKJ OIBITHOJ T'PYNIIBI NPEBOCXOAVIN
aHAJIOTOB KOHTPOJIbHOJM TPYIIBI IO COJEP)KAaHUIO MbI-
mevHoi TKaHM Ha 11,46% (p<0,05); BBIXOMY MBIIIEYHOII
TKaHu - Ha 0,38%; copep>KaHMIO >KMPOBOJ TKaHU — Ha
10,46% (p<0,05); koadpunmentam macHocT! — Ha 0,16, a
noctHocTu — Ha 0,02; myomagu MbIIIIEYHOTO I7Ta3Ka — Ha
11,3% (p<0,05), COOTBETCTBEHHO.

TaxuM 06pa3om, pe3yIbTaTbl KOHTPOIBHOTO Y605 10-
Ka3aJu 1[e71eCO000PasHOCTb MPOBENEHNS OBAPMOIKTOMUM,
TaK KaK 3TO CIHOCOOCTBYeT 3HAUUTEIbHOMY YBETNYEHNIO
MCHOJ IPOyKTUBHOCTH >KMBOTHBIX.

YcTaHOB/IEHO, YTO B IJIMHHENIIEM MYCKY/Ie CIIMHBI XK1 -
BOTHBIX IIOJOIIBITHOJ IPYTIIIBI CYXOTO BELeCTBa COflePrKa-
nock 6onbie Ha 0,33%; 6enka — Ha 0,27 %; xupa — Ha 0,05%;
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It was found that the gilts of the experimental group
were superior to their counterparts from the control group
in pre-slaughter weight by 9.14% (P<0.05), hot carcass
weight by 12.43% (P<0.05), carcass yield by 1.97%, chilled
carcass weight by 11.87% (P<0.05), respectively.

For the study of the composition of raw meat, an analy-
sis of the morphological structure of muscle tissue from
the gilts included in the experiment was carried in both
groups (Table 2).

In assessing the morphological structure of the pork, it
was found that the gilts from the experimental group were
superior to the control group counterparts in muscle tissue
content by 11.46% (p<0.05); muscle tissue yield by 0.38%; fat
content by 10.46% (p<0.05); coefficient of meatness by 0.16,
lean meat content - 0.02; muscle eye area - 1.01%, respectively.



2016 | N?1 TEOPUSI U NPAKTUKA NEPEPAGOTKWU MSICA

307bl — Ha 0,01% 110 CpaBHEHMIO C KOHTPOJIBHO TPYIIIION.
Opnako 1o copep>kaHuto Biaru B m. Longissimus dorsi
JKMBOTHBIE KOHTPOIbHOI I'PYIIIbI IPEBOCXOANIN aHATIO-
TOB OIIBITHOY rpynmsl Ha 0,49% (Tabmuia 3).

Thus, the results of the control slaughter demonstrated
the feasibility of ovariectomy as it contributed to a signifi-
cant increase in meat productivity of animals.

Table 3 - Chemical composition and nutritional value of the m. L. dorsi samples of the Duroc pigs at the age of 10 months (n =10)
Ta6muua 3 - XuMmdeckuii COCTaB M MIIeBasd EHHOCTD MCCIeRyeMbIx 00pa3uoB m. Longissimus dorsi cBUHeli HOPOJBI HIOPOK B BO3pacTe

10 mecaues (n=10)

Indicator | Ilokasarens Control group | Kontponsnas rpymma Experimental group | OnsiTHas rpynna
Moisture, % | Brara, % 74.93+0.06 73.54+0.08
Dry substance% | Cyxoe BemectBo, % 25.07+0.02 26.46+0.09*
Protein, % | bBenok, % 21.07+0.07 22.94+0.06*
Fat, % | XKup, % 3.07+0.03 3.12+0.04
Ash, % | 3oma, % 1.03+0.01 1.04+0.02
gl}:i;gr’é:;!;:eec,xl;ncﬂl/e}ll(})l?)%lb, Kan/100r 118.63 120.20
Note:  *p<0.05; % ** p<0.01% (from this point onwad) IIpumevanue: *p<0,05; % **p<0,01, 3mech u ganee

PacuéT sHepreTMYECKOil [EHHOCTYU OMBITHBIX 00pa3s-
110B . Longissimus dorsi BBIABWJIL, 4TO KQ/IOPUITHOCTD MsICa
CBUHEI Tocie cTepuamsanuy Bbie Ha 1,57 kkan/100 r,
v 1,32% B cCpaBHEHUM C KOHTPOJIbHO IPYIIION, pasHu-
11a OKa3a/1achb CTATUCTUYECKU HE[OCTOBEPHOIL.

Omnpepnenenne pH msca gyepes 1 un 24 vyaca nocie y6os
II0Ka3aJI0, YTO MACO >KMBOTHBIX BCEX TPYII COOTBETCT-
BOBAJI0O HOpPMe, He OBUIO OOHApPYXXEHO HY OFHOM TYIIN
C TokaszaTeneM HMKe 5,60 u Bbilie 6,20 ef., TO €CTb C
npusHakamu DFD u PSE.

BrarocssispiBaromas CilocOOHOCTb CBUHMHBI MOJIOTIBIT-
HOI1 rpymmbl 6buta Bbie (60,10%), yem (56,00%) obpas-
LIOB MsCa KOHTPOJIbHOJ T'PYIIIbI, YTO CBUJETENbCTBYET O
XOPOILUX TEXHOMOTMYECKUX CBOMCTBax (He Hike 52,0%).
Ho ombiTHBIE 00pasiipl Msica ObIINM COYHEe, TaK KaK MMen
6oree HM3KIE IOTEPH TTPK TepMOOOpaboTKe (Tabmuma 4).

It was found that in m. Longissimus dorsi of the animals
from the experimental group, the dry matter content was
higher by 0.33%; protein by 0.27%; fat by 0.05%; and ash by
0.01% compared to the control group. However, in terms of
the moisture content in m. Longissimus dorsi, the animals
from the control group were superior to their counterparts
from the experimental group by 0.49% (Table 3).

The calculation of the energy value of the test samples
of m. L. dorsi revealed that meat caloricity of pigs after ster-
ilization was higher by 1.57 kcal / 100g, or 1.32% in compar-
ison with the control group; the difference was statistically
insignificant.

Determination of meat pH value after one hour and
24 hours after slaughter showed that meat of the animals
from all groups corresponded to the norm; there was no
carcasses with the value below 5.60 and higher than 6.20

Table 4 - Functional and technological characteristics of m. L. dorsi samples of the Duroc pigs at the age of 10 months (M + m;

n =10 in each group)

Tab6muia 4 - OyHKIMOHATbHO-T€XHONOTIYECKIIE XapaKTePUCTUKH UCCTIeTyeMbIX 00pa3uoB m. longissimus dorsi cBuHell HOPOIBI TIOPOK

B Bo3pacre 10 mecsne (M+m; B kaxgoii rpymie n =10)

MBC, in % to | BCC, % IICarcasses weight loss under cooling |
OTepU MACChI TYIIV MPU OX/TaK{eHIH
Group | [pynma pH: pHz4
muscle tissue | total moisture | kg [cx % ofthe carcass weight | % ot
MbIIIEYHO TKaHMI o01eii B1are 8 MaccChl TYIIN

ﬁ"“tml | 5.86 5.78 43.00+0.40 56.00+0.30 1.15 2.34

OHTPONBHAS
g"l’e"me“tal | 6.02 5.65 44.50+0.40 60.10+£0.30* 1.50 220

IbITHAS

Note:  *p<0.05; % ** p<0.01% (from this point onwad) IIpumevanue: *p<0,05; % **p<0,01, 3mech u ganee

ConepxaHne TpunrodaHna B Msce CTEPUIN30BAHHBIX
CBMHOK OBU/IO BbIIIe Ha — 18,36 Mr %, a KOIMYECTBO OKCH-
MIpONIMHA HIDKe — Ha 4,28 MT %. B pesynbraTe mponcxogut
ysenndenne KBII ¢ 3,88 B konTponbpHOI Tpymie, o 4,58
— B ITOIOTIBITHOJ TPYIIIIe )KMBOTHBIX (PUCYHOK 7).

CooTHOIIEHNEe TUCTUVH: apTMHUH: JTU3VH ABIAETCA
XapaKTepUCTUKOMN, MO3BONAILIENl KOCBEHHO CYOUTH O
Tojie MBILIIEYHON TKaH! B Tymle. ONTUMaNbHOE COOTHO-
IIeHMe COCTaBysAeT 2:3:6. Y ONBITHBIX 00pasIoB CBUHMI-
HBI 9TO COOTHOLIEHME NPUOIVKEHO K ONTUMAIBHOMY U
cocrasyser 2:2:3 (tabnuia 5).

PesynbraThl McCIefoBaHMii MOKa3amu, 4To B oOpas-
IJaX CBYHVHBI IIOJOIBITHO ¥ KOHTPO/ILHOI IPyI o01ee
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units, i.e. with the signs of DFD and PSE.

The moisture binding capacity of pork from the experi-
mental group was higher (60.10%) than that of the meat
samples from the control group (56.00%), which indicates
the good technological properties (not less than 52.0%).
However, the experimental meat samples were juicier,
since they had lower cook losses (Table 4).

The content of tryptophan in meat of the sterilized
pigs was higher by 18.36 mg% and the amount of hy-
droxyproline was lower by 4.28 mg%. As a result, there
was an increase in the protein quality indicator (PQI)
from 3.88 in the control group to 4.58 in the experimen-
tal group (Figure 7).
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Figure 7 - The content of hydroxyproline and
tryptophan in m. L. dorsi samples from pigs,
mg/%

Experiment | OnbIT

Table 5 - The ratio of histidine: arginine: lysine in m. L. dorsi pork, obtained from the Duroc animals at the age of 10 months (n =10) mg/100g
Ta6mimma 5 — CooTHOLIEHYe TYCTIAVH: APTVHIIH: TU3UH B CBUHIHE m. longissimus dorsi, 10Ty 4eHHOI OT >KVIBOTHBIX HOPOJBI TIOPOK B

Bo3pacre 10 mecsues (1=10), mr/100

Group | Histidine (His) | Arginine (Arg) | Lysine (Lys) | Ratio His: Arg:Lys |
Ipynmna Tuctupun (His) Aprunus (Arg) JTusun (Lys) CoorHomrenne His: Arg: Lys
Control | KontponsHas 1281.811 1301.407 1502.343 2:2:2,3
Experimental | OnbiTHas 1236.293 1265.128 1846.153 2:2:3

cofiep>kaHme aMUHOKUCTIOT Komebanoch ot 19160,405 no
19712,385 mr/100 r (tabnuua 6). B ombiTHBIX 0Opasiax
Mmsca copepxanne HAK 6p110 BhIe Ha 29,2 Mr/100 T
CheNOOHOI YacT NIPOAIyKTa, AM3NHa Ha — 343,81 mr/100 ¢
ChefOOHOII YaCTH IIPOAYKTA.

The ratio of histidine: arginine: lysine is the charac-
teristic that indirectly allows judging about the share of
muscle tissue in the carcass. The optimal ratio is 2: 3: 6. In
the experimental samples, this ratio approximated to the
optimal ratio and was 2: 2: 3 (Table 5).

Table 6 - The ratio of amino acids in pork from the control and experimental groups (m. Longissimus dorsi), mg /100
Taémuna 6 - CooTHOLIeHNe AaMIHOKIUCIIOT B CBMHITHE KOHTPOIBHOIL ¥ ONBITHON rpynn (m. longissimus dorsi), Mr/100 r

Amine acid)| Astumoxuciora « Control group | Experimental group |
OHTPO/IbHASA IPyIIa KoHTponbHas rpymnna
Benot, /1001 ExepoOmol mer npospira. 20,6403 202402
Essential amino acids (EAA) mg / 100 g of edible part of the product |
Hesamennmbie amunokucnorsl (HAK), mr/100 r crego6HOIT YacTy MpORyKTa
Isoleucine | V3zoneituun 629.898 671.329
Leucine | JTeityn 1792.127 1609.912
Lysine | Tusuu 1502.343 1846.153
Methionine | Metnonux 375.275 423.113
Phenylalanine | ®ennnanannu 605.179 640.354
Threonine | Tpeonun 1389.604 1058.022
Valine + cystine | Banun+uucrun 818.912 895.066
The sum of EAA | Cymma HAK 7113.338 7143.949
Non-essential amino acids (NEAA) mg / 100 g of edible part of the product |
3amennmbre ammHoKuCc1oThI (3AK), Mr/100 r chego6HOIT YacTH MPORYKTaA
Aspartic acid | Acnaprunosas xucinora 2402.235 2326.428
Serin | Cepun 1196.457 951.849
Glutamic acid | DryramuHoBas Kucinora 3852.399 3664.659
Glycine | Tnuuun 928.458 925.196
Alanine | Anannn 927.500 915.886
Histidine | Tuctuguu 1281.811 1236.293
Arginine | Aprusun 1301.407 1265.128
Proline | IIponuu 708.780 731.017
The sum of NEAA | Cymma 3AK 12599.047 12016.456
The sum of amino acids | Cymma aMiHOKuCIIoT 19712.385 19160.405
Amino acid index EAA / NEAA | Avunoxucrnorasni nupexc HAK/3AK 0.58 0.59
Amino acid index EAA / total amino acids |
AvunoxkucrnotHsii uugexkc HAK/o61ue aMiuHOKICTIOTHI 0.37 0.37
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B nccnenoBaHHBIX 00pasiiax CBMHMHBI aMUHOKUCTIOT-
ubiit magekc HAK/3AK (HAK - HesamMeHUMbBIe aMUHOKIIC-
notel, 3AK - 3aMeHMMble aMMHOKMCIOTHI), IIOKa3aTe/b
B cpepgneM cocrasun 0,58 - 0,59, a B o6pa3uax CBVHMHBI
KOHTPOJIbHOII 11 IOJOIIBITHOI TPYIII OH 6bU1 paBeH 0,37.

CyMMa aMMHOKIC/IOT B MsICe XKMBOTHBIX KOHTPOJIbHOI
rpymmne cocrasuna 19712,385 mr/100 1, a B MsIce >)KMBOTHBIX
IIOJONIBITHOM TPyl - 19160,405 mr/100 1, 6emox COLEPIKUT
BCe He3aMeHVIMble aMIHOKICTIOTBI B 0601X 06pasiiax Msica.

Msco CBMHOK IIOC/IE OBapMOIKTOMMM XapaKTe€pU3YeTCsA
JTyd1ert 6MO/IOTNYeCcKOll LIeHHOCThIO, TaK KaK B HeM COfiep-
SKUTCA 607IbIIe He3aMEHVIMbIX aMMHOKICIOT (Ha 6,6 - 18,63%)
10 CPaBHEHUIO C MSICOM KOHTPOJIbHBIX JKUBOTHBIX. Vccieno-
BaHJe II0Ka3alo: B 0Opasliax Msca KOHTPOJIBLHOV TPYIIIbI
comeprxanne HOKK (MypucTiHOBOI, TaTbMUTIHOBOI, Map-
rapyHOBOI, CTEapVHOBOL, ApaX/HOBOI) BbILIE IIOJ{OIIBITHON
- nosbiuteHHoe copepxanne HHYKK (omenHoBoL, mHOMe-
HOBOV, 911K0O3a[IIeHOBO1, APaXVJOHOBOI KVCTIOT).

B cBuHMHE OT >KMBOTHBIX KOHTPOJIBHOM I'PYIIIBI CO-
fep>xanoch 3HaunTenbHo 6onpie HXKK (prucyHok 8).

11% Control | Kontponb

N

40%

SFA
" I HXK

MUFA
I MHXK

PUFA
I MHXKK

49% /

The results of the experiments show that the total amino
acid content in the samples of pork from the experimen-
tal and control groups was in the range from 19160.405 to
19712.385 mg / 100 g (Table 6). In the experimental meat
samples, the content of the essential amino acids (EAA) was
higher by 29.2 mg / 100 g of the edible part of a product, the
content of lysine by 343.81 mg / 100 g of the edible part of a
product.

In the analyzed pork samples, the amino acid index
EAA/NEAA (EAA- essential amino acids, NEAA - non-
essential amino acids) on average was 0.58-0.59; in the pork
samples of the control and experimental groups it was 0.37.

The sum of amino acids in meat of the animals from the
control group was 19712.385 mg/100 g, in meat of the animals
from the experimental group it was 19160.405 mg/100 g. Pro-
tein contained all essential amino acids in both meat samples.

Meat of the sterilized pigs had a better biological
value as it contained more essential amino acids (by 6.6
- 18.63%) compared to the meat of the control animals.
The study showed that in the meat samples of the control

Experiment | OnbiT
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Puc. 8 - CymmapHoe copiep>KaHue SXUPHBIX KUCTOT B CBUHMHE, % OT CYMMBI KMPHBIX KICTIOT
Figure 8 - The total content of fatty acids in pork, % of total fatty acids

JlaHHbIE THICTOTPAaMM CBUJETETbCTBYIOT O TOM, UTO B
00pasijax MOJONBITHON TPYIIIbI COREPKUTCS 3HAUNTE/Ib-
noe kommuectBo ITH)KK (nmuHONMEeBass m nmHOMEHOBAs
KJC/IOTBI), II0 COOTHOLIEHNIO w6/w3 Hambonee cbajan-
CHPOBAHO MCO >KMBOTHBIX OIIBITHONM TPyIIIbI — 8,7, % OT
CYMMBI KMPHBIX KUCTIOT (Tabmnua 7).

group, the content of SFA (myristic, palmitic, margaric,
stearic, arachidic acids) was higher; while an increased
content of MUFA (oleic, linoleic, eicosadienoic, arachi-
donic acids) was observed in the experimental group.

Pork from the animals of the control group contained
much more SFA (Figure 8).

Table 7 - The content of fatty acids in the test fat samples,% of the total fatty acids
Ta6muua 7 — CopepkaHiue XUPHBIX KMCIOT B MCCTIE[yeMbIX 00pa3nax >kupa, % OT CyMMBI JKMPHbBIX KUCTOT

Index | Ilokasarens Control group | Kontponsuas rpymnma Experimental group | OnbiTHas rpynna
MUFA/SFA | HHJKK/H)XK 1.50 1.80
Arachidonic acid | ApaxugoHoBas kucnora 0.10 0.14
w3 1.27 1.57
w6 9.66 13.66
w6/ w3 7.60 8.70

MUKpPOCTPYKTYpHBIE MCCIENOBAHVA CBVHMHBI IIOJ-
TBEPAM/IN, YTO OBAPMOIKTOMMA IOJIOKUTETBHO BINAET
Ha 00pa3oBaHle MBIIIEYHBIX BOJIOKOH, YBEIMYMBAETCS UX
IVIOTHOCTD U KOIMYeCTBO (prCyHOK 9, 10).

CremneHb pasBUTHUA COENMHNUTEIbHON TKAaHU B MbIIIIAX
CTEPUIM30BAHHBIX JKMBOTHBIX 3aMETHO HIDKE, Y€M y CBU-
Hell KOHTPOJIbHOJ TPyl (PUCYHOK 9, 10).

B cBMHMHE IOJONBITHOV TPYNIBI >XMBOTHBIX YBe-
JIMYMBAETCA  COJEPXKaHME MEXKMBIIIEYHON >KMPOBOII
TKaHU, IPEACTABIEHHOI pa3BETBIEHHONM CUCTEMOI C/I0EB
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The data of the histograms show that the samples of the
experimental group contain a significant amount of PUFA
(linoleic and linolenic acid); by the ratio of w6/w3 meat
of the animals in the experimental group is the most bal-
anced: 8.7% of the total fatty acids (Table 7).

The microstructural studies of pork confirmed that
ovariectomy had a positive effect on the formation of
muscle fibers, their density and quantity increased. The de-
gree of the connective tissue development in the muscles
of the sterilized animals is markedly lower than that of the
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JINTIOL[UTOB, MPENCTAB/ISAIONIENl KaK COBCEM TOHKME IIIa-
CTBI, TaK M JOCTaTOYHO MAacCCUBHBIE TPYIIIbI >KMPOBBIX
K/IeTOK (pUCyHOK 9, 10).

Pucynok 9 - Tlonepednbui
cpes (m. longissimus dorsi)
KOHTPO/bHBIX cBIHEIL. 00. 10X
Figure 9 - A cross section
of meat from the control

pigs

9TO cIOCOOCTBYET YBEIMYEHNIO IOV BHY TPYMBbIIIEY-
HOTO XIpa, KOTOPBII JIy4llle YCBaBaeTCsA OPTaHM3MOM.

BriBogbr

VccnepoBannsamm 6MOXMMIYECKIX [TOKa3aTeIelt B IIepu-
(hepudeckoit KpoBM CBMHOK KOHTPOJIBHOI M HOJOIIBITHON
TPYIII IOATBEPXK/jaeT JaHHbIe (8), YTO aKTMBAIVA JIOKa/Ib-
HBIX POCTOBBIX IIPOLIECCOB B MBILIEYHOI TKaHU B MOCTKa-
CTPalVOHHBII IIePUOT, CBsI3aHa C HApacTaHUeM COIep>KaHVs
VI®P-1. YcraHOB/IEHO, 4TO BemymuMy (DaKTOpaMy M3Me-
HEHUSI MSICHBIX ¥ OTKOPMOYHBIX CBOVICTB CBUHOK SIBUJICS
IIOIbeM MEeTA0OIMYECKON aKTVMBHOCTY MBIIIEYHON TKAHI
U JIUINHOTO OOMeHa. JKCIEePUMEHTHI TI0Ka3aiy, 4To Ka-
CTpaLVIAA CBUHOK IIPYBOAUT K 3HAYNTEIBHOMY Y/Ty4IICHIIO
CPeIHeCyTOYHOrO IIPUPOCTA, KOHBEPCUI KOPMa ¥ BCeX ITa-
paMeTpoB MBIIIEYHOI Macchl. JJaHHbBIe, TIOTy4eHHbIe aBTO-
paMu B 9TOM 3KCIIePUMEHTe, ITO3BOJLAIOT IIPENIIONaraTh, 4To
JIIIONIATIYECKAs AKTYBHOCTD He SABJIAETCA CYILIeCTBEHHBIM
(haKTOpOM IS pOCTOBOI aKTUBHOCTY (epMeHTOB (9).

Yeunenne Bripabotku VIOP-1, obmapaomero nHCymm-
HOIIOZOOHBIM JIeVICTBIEM, KOCBEHHO 110 HallleMy MHEHUIO,
CIIOCOOCTBYET aKTUBALMM Y CBUHOK ITOC/IE OBAPMOIKTOMUM
npotjeccos mpomudeparyn 1 audpepeHInpOBKI KIETOK.

OBaprosKTOMNsI, KaK IIOKa3aIy Hallly 9KCIePUMEHTHI,
CIIOCOOCTBYeT MHTEHCUPUKALMY MeTaboNMM4IecKoil ax-
TUBHOCTY MBILIEYHOI TKaHU ¥ JIUIUIHOTO OOMeHa U Ta-
KUM 00pa3oM IIOBBILIAET MUIIEBYIO [[EHHOCTb CBUHMHBIL.
JlocTmkeHMe pesy/bTaTa OCYIeCTB/AETCS 6e3 IpyMeHe-
HUS, QHTUOMOTUKOB U aHAOOMNIECKIUX [IPEapaToB.
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Special Emphasis on Boar Odor: / R.l. Brooks, A.M. Pearson, A.
Review // American Society of Animal Science. Copyright 1986.
- Tom 62. - Ne 3, p. 632-645.

4. Bonneau, M.R. The effects of immunization against
luteinizing hormone-releasing hormone on performance, sexual
development, and levels of boar taint-related compounds
in intact male pigs. / M.R. Bonneau, C. Dufour, C. Chouvet,
W. Roulet, E.J. Squires //.1994. - Tom. - 72. - Ne 1, p. 14-20.
5. MeaBeaeB, U.®. BAuaHue KacTpauum U NOAKOPMKU CyXUM
TKaHeBbIM NpenapaTtoM Ha OpPraHUW3M CBMHEN U UX MSACHYIO
npoAYKTUBHOCTb / U.®. MeaBeaeB // XUpyprus MouyenonoBbIX
opraHoB W Kactpauua: c¢6. Hayu. TpyA. BcecorosHon
MEeXBY30BCKON KOH$EpeHUMU no BoOnpocamM BeTepUHapPHOM
XUpypruu. - Xapbkos, 1970. - C. 145.

6. Warnier, A. Effects of confinement upon behavioural,
hormonal responses and production indices in fattening pigs./
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pigs from the control group (Figure 9, 10).

In pork of the experimental group, the intramuscular
fat tissue content increases being an extensive system of
lipocyte layers, represented as very thin layers, and quite
massive groups of fat cells (Figure 9, 10).

Pucynox 10 -
[Tomepeynslii cpes

(m. longissimus dorsi)
onbITHBIX cBuHeil. 06. 10x

Figurel0 - A cross
section of meat from the
experimental pigs

This contributes to an increase in the intramuscular fat
share, which is better absorbed by the organism.
Conclusion

The analysis of the biochemical parameters of the pe-
ripheral blood of the gilts confirm that activation of the local
growth processes in muscle tissue in the post-castration pe-
riod is associated with an increase in the content of IGF-1 (8).
It was found that the leading factors of change in the meat and
fattening properties of gilts were the rise in the metabolic ac-
tivity of muscle tissue and lipid metabolism. The experiments
showed that castration of gilts led to a significant improve-
ment of the average daily weight gain, feed conversion and all
parameters of muscle tissue. The data obtained by the authors
in this experiment suggest that lipolytic activity was not a sig-
nificant factor for growth activity of enzymes (9).

In our opinion, an increase in production of IGF-1,
which has insulin-like effect, indirectly facilitates activa-
tion of the cell proliferation and differentiation processes
in gilts after ovariectomy.

As our experiments have shown, ovariectomy contrib-
utes to intensification of the metabolic activity of muscle
tissue and lipid metabolism and enhances the nutritional
value of pork. The result is achieved without the use of an-
tibiotics and anabolic agents.
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CTATUCTUYECKUI AHAIN3 S9HEPTO3ATPAT ITPOIIECCA
PE3AHN B/IOYHOI'O 3BAMOPOKEHHOTI'O MSCA
MHOTOJ/JIE3BUMNMHBIM NMHCTPYMEHTOM
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KmioueBble cmoBa:  usmenvuexue
¢ppeseposarie, aHepeozampamol

3aMOpOHEeHHO20 mAca,

AHHomayus

B Hacmosuee epems 3amoposcerHoe 67104HOe MACO UUPOKO UC-
nonv3yemcsi 8 msconepepabamviéarnuem npoussoocmee Ons
8vIPAbOMKU KONOACHVIX U30enuti U Opyeoti MACHOL NPOOYKUUU.
Appexmusroe usmenvuerue 3aMOPOHEHHO20 MACHOZ0 CoIPLS A6-
JIAEMCSA AKmMyanvHoil 3adadeti 074 CNeUUAnUCmos MACHOL npo-
mouunennocmu. B OI'BHY « BHUVIMII um. B.M. Top6amosa»
paspaboman sHepeo- u pecypcocbepezaiouquii npoyecc usmenv-
ueHUs 0710K08 3aMOPONEHHO20 MSCA MemoOOM (Ppe3eposaHus.
Onpedenerue sHepeo3ampam Ha usmenvueHue Colpbs MHO207E3-
BULIHbIM  UHCIMpPYMeHmom (ppe3amu) Aesemcs 8aNCHeTUUM
9MANOM cO30aHUS USMENLHUMENS HO8020 TMUNA.

BBepenue

[Ipouecc m3MenbueHMs CBIPbsl SIBJISAETCS OHUM M3
CaMBIX 9HEPrOeMKMX TEeXHOJIOTMYECKMX IIPOLeCCOB B
MsACHOI npoMbiineHHocT. B ®I'BHY «Bcepoccuiicknit
Hay4YHO-VICC/IEIOBATeIbCKMI MHCTUTYT MACHOI IPOMBIII-
nenHocty umenu B.M. TopbaroBa» OblM IpOBeeHbI MC-
C/IefloOBaHMs IO CO3JIaHVIO VHHOBALMOHHOTO IIpoljecca
U3Me/Tb4eHNsI 3AMOPO>KEHHOTO OI0YHOTO MsICa METOLOM
(dpesepoBaHus, XapaKTepPU3YIOILIETOCA SHEPrO- U pPecyp-
cocbepexxenuem (1, 2, 3].

OCHOBHBIM HallpaB/IeHMEM UCCIeOBAaHNI BHIOPAHO
U3y4eHMe NpUMeHeHNs Pppe3 pasHO KOHCTPYKLMM B
KayecTBe pabovyero opraHa M3Me/Ib4NTe/Is 3aMOPOXKEH-
HBIX MSCHBIX 610KOB. O60CHOBATDH TaKOW BHIOOP MOXK-
HO C/IefyIOIVIMY 0OCTOATENbCTBAMU: 1) IIpU M3MeNb-
YeHNUM ChIpbs pe3aMy IJIOLI[b KOHTAKTA PEXYIINX
KPOMOK C MsCOM MMHMMaJIbHa B CPaBHEHUU C IUIOLIA-
IbI0 GOKOBBIX IIOBEPXHOCTEI HOXKEll KyTTepa, C/iefjoBa-
TEJIbHO, MOXKHO 00eCIIeYuTb CHIDKEHUEe SHeprosarpar
Ha TpeHMe U afire3nio; 2) M3MeHsAs IapaMeTphl Ipo-
Ijecca M3MeIbYeHMs ChIPbsl MeTOROM Qpe3epoBaHus 1
IpUMEHsA CMEeHHbIe Qpe3bl pa3HOl KOHCTPYKIMHA U Te-
OMeTpuM, MOXXHO BIIUATb Ha GOPMMUPOBaHNE Pa3MepOB
YacTHUIL M3Me/IbYEHHOTO Msca, obecreynBas 3alaHHYIO
CTeleHb U3MeTbYeHNS ChIPbs IPY MOBBINICHNY KayecT-
Ba FOTOBBIX MACONPOAYKTOB; 3) mepepabarbiBas 610KK
3aMOPOXKEHHOT'O MsCa IPOMBIIUIEHHBIX THUIIOPa3Me-
poB MeTOOM (pe3epoBaHMSA B OJHY CTAJUI0, MOXHO
COKPAaTUTh TPAJVIVIOHHYIO TEXHOJIOTMYECKYIO IIeloY-
Ky nepepaboTku 61049HOrOo Msca (610Kopeska — BOJ-
YOK — KyTTep), 4To obecrednT pecypcocbepexeHue un
CHIDKEHMe 3aTpaT 9/IeKTPOIHEPIUY B pacyeTe Ha TOHHY
BbIpabaThIBaeMOIl PO YKIUN.

O6pabotka dpezaMy pa3mMYHBIX MATEPUANOB (Me-
TQ/I/IOB, JPEBECUHBI, IVIACTUKOB U Jp.) MMeeT JaBHUE
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Abstract

Currently, frozen meat blocks are widely used in meat processing
for production of sausages and other meat products. Efficient
grinding of frozen raw meat is an urgent task for meat industry
professionals. The V.M. Gorbatov All-Russian Meat Research
Institute has developed energy- and resource-saving process for
grinding of frozen meat blocks by milling. Determination of energy
consumption for grinding of raw materials by multiple edge tools
(milling tools) is the most important step in the creating of new
type mincing machine.

Introduction

The process of raw material grinding is one of the most
energy intensive processes in meat industry. The V.M. Gor-
batov All-Russian Meat Research Institute has conducted
the studies to establish the innovation process for grinding
of frozen meat blocks by milling, which is characterized by
energy and resource-saving [1, 2, 3].

The main area of research was the study of different
design milling tools as a working element of mincing ma-
chine for frozen meat blocks. To justify such choice, the
following factors may be used: 1) when grinding the raw
material by milling tools the contact area of cutting edges
with meat is minimal compared to the area of side surfaces
of cutter knives, hence reduced power consumption may
be achieved by friction and adhesion reduction; 2) when
changing the parameters of raw material grinding process
by milling and applying removable milling tools of differ-
ent design and geometry, we can influence the formation
of particle sizes of ground meat providing predetermined
degree of raw materials grinding and increasing the quality
of finished meat products; 3) when processing the frozen
meat blocks of industrial sizes by one-stage milling, it is
possible to shorten the traditional workflow of meat blocks
processing (block cutting machine - mincing machine -
cutter), which will ensure resource-saving and reduction
of energy consumption per one ton of product.

Processing of different materials (metal, wood, plastic,
etc.) by milling tools has a long tradition. Methods of cal-
culation and designing of metal cutting tools, drive mech-
anisms and other equipment are developed and tested in
practice [4, 5]. However, grinding of frozen meat by multi-
ple edge tools has its own features and has not been studied
in full [1, 2, 3]. In particular, it is necessary to determine the
energy consumption for the process of frozen meat grind-
ing by milling tools. The results may be used to calculate
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Tpaguuuu. PagpabotaHbl u ampoOMpPOBaHbl HA MPAKTH-
Ke MeTOf[MKI pacyeTa U MPOeKTUPOBAHMS KaK pexylile-
ro MHCTPYMEHTA, TaK ¥ HPUBOJOB MEXAaHM3MOB MeTasl-
JIOPEeXYIIVX CTaHKOB ¥ Jipyroro obopypoBanus (4, 5].
OpHako M3MeTbYeHe 3aMOPOKEHHOTO MsICa MHOTO/Ie3-
BUIHBIM MHCTPYMEHTOM MMeeT CBOYM OCOOEHHOCTM U B
HOTHOM 00béMe elé He nsydeHo [1, 2, 3]. B wactHOCTYH,
HeOoOXOIMMO OTIpeIeTNTh SHEPTO3aTPAThI Ha IPOIIECC U3-
Me/IbYeHMsI 3aMOPOKEHHOTO MSICHOTO ChIpbsi (hpesamt.
[Tomy4yeHHble pe3ylIbTaTbl MOIYT OBITH MCIIO/Ib30BaHBbI
JUIsL pacyeTa YAeNbHBIX 9HEPro3arpar, HMPUXOASIIINXCS
Ha eUHMIY IUIOL[AfM CI0Sl MsCa, CHUMAeMOIo OJfHOB-
peMeHHO pexyiunmu 3y6bsimu ¢pespl. JJlaHHBIE 3TOTO
pacyeTa MO3BOJIAT OLIEHUTD IIOTPEOHYIO MOILHOCTH IPH-
BOJIa PEXYILEro MeXaHn3Ma Gppe3epHoil MaIlINHBI, Ipef-
Ha3HAYEHHOI J/IsI U3MeTIbYeHsI 6/T0KOB 3aMOPOYKEHHOTO
MsiCa MIPOMBIIIIEHHBIX TUITOPAa3MEPOB.

3aMopoXeHHBIe OIOKM Msica XapaKTepU3YITCS CY-
I[eCTBEHHOI HEOZHOPOSHOCTBIO II0 CTPYKTYPHOMY U
TeKCTypHOMY IpusHakaM. Kpome Toro, temmeparypa
ChIpbsl Ilepef; M3Meb4yeHleM HEOAMHAKOBa B INMyOuHe
6710Ka Msica U Ha €ro MOBEPXHOCTU. DTU HAKTOPDI, BIIN-
S0IMe Ha MOMEHT CONPOTUBIIEHNUsI M3MENbYEHMI0 KaK
dyHKIMM BpeMeHH, 1, CIefOBaTe/lbHO, Ha MOTpebise-
MYI0O MOIIHOCTb, MMEIOT CTOXaCTUYeCKMil Xapakrep. B
3TON CBA3MU, 11€1eCO0OPA3HO MPOBECTN CTATUCTUYECKINIT
aHaMM3 W3MEPEHHBIX 3HAYEHWIT MOIIHOCTH,
O7eHHOII TPUBOJOM MeXaHMU3Ma pesaHus QpesepHOro
n3MeIbunTens [6].

norpe-

Marepuabl 1 METObI MICCIElOBAHN A

[ns mccnenoBaHyMA OJHOCTAMITHOTO IIpoliecca pe-
3aHUA 0I0YHOTO 3aMOPOXKEHHOTO MsACa MHOTOJIe3BUIL-
HBIM MHCTPYMEHTOM OBbI/Ia CO3/laHa 9KCIIepUMEHTa/IbHas
ycranoBka VIB®-1 (usmenpunrtens 6710koB (pesepHBIi
Mopndukanym 1). YcTaHOBKa KOMIUIEKTOBaIach ¢ppesa-
MU pa3HON KOHCTPyKLuM 1 reoMeTpun. IlapameTpsl pe-
KIMa pe3aHns (4acTOTy BpauieHMA (ppe3bl U CKOPOCTb
[OJayy ChIPbsl B 30HY U3Me/TbYCHMSI) YCTaHABIMUBAIN
COOTBETCTBYMOIMMI HACTPOIKaMu IpeobpasoBaTesnein
YacTOThl NMTAIOLIETO HAIpPsD>KeHNA, paboTalolux Ha
3NIeKTPOJIBUTATENN IPUBOJOB MEXaHN3MOB pPe3aHMA I
nofayun yctanoBku VIb®-1. AKTMBHYI0 MOIHOCTb, I10O-
TpeO/IAeMyI0 3/MeKTPONPUBOJAOM MeXaHM3Ma pe3aHMA
YCTaHOBKM B pabodeM pexume, usMepsnu u puxcu-
poBa/iM NMPOMBIIIJIEHHBIM aHA/NIN3aTOPOM-PEruCcTpaTo-
pom ACM-3192. TokousMeputeapHble Kaemy npubopa
MOJK/IIOYa/IN K CHJIOBBIM BBIBOZIaM IIKada yrnpasieHus,
KOMIIZIEKTYIoIero yctanoBKy VIb®-1 (pucyHok 1):

I[ToreHIManbHbIe MTPOBOAiA MPUOOPA MOACOSAVHAN K
(ha3HBIM BBIBOZIAaM CTaTOPHON OOMOTKM 3/IeKTPOBUTaTe-
A1 IpUBOJia MeXaHM3Ma pesanHuA ycTaHoBku VIb®-1. Ms-
MepeHNsA NPOBOAWIN MO cXeMe «TpM (as3bl — HEMTpasb»
(pucyHOK 2):
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the specific energy consumption per area unit of meat layer
removed at the same time by milling tool edges. Data from
this calculation will allow to assess the required power for
drive of milling machine designed to grind the frozen meat
blocks of industrial sizes.

Frozen meat blocks are characterized by significant het-
erogeneity regarding their structural and textural param-
eters. Furthermore, the temperature of raw material before
grinding is not uniform in the depth and on the surface of
the meat block. These factors affecting the resistive torque
as functions of time, and therefore affecting the power
consumption, have a stochastic character. In this regard, it
is appropriate to conduct a statistical analysis of the mea-
sured values of power consumed by the drive of milling
machine [6].

Materials and methods

The experimental setup IBF-1 (block milling machine,
modification 1) has been developed to study the one-stage
process of frozen meat blocks cutting by multiple edge
tool. The setup was equipped with milling tools of differ-
ent design and geometry. Cutting mode settings (milling
tool speed and raw material feed rate to the grinding zone)
were set by the appropriate adjustment of supply voltage
frequency converters accompanying the electric motor
drives of IBF-1 cutting and feeding mechanisms. The active
power consumed by the electric motor of cutting mecha-
nism in operation mode was measured and recorded by
industrial ACM-3192 analyzer-recorder. The instrument
clamp devices were connected to the power terminals of
IBF-1 control cabinet (Figure 1):

Figure 1 - IBF-1 control cabinet
Pucynox 1 - lllkad ynpasnenus ycranoskoit b®-1
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1. ACM-3192 power analyzer

2. Cutting mechanism drive motor

1. Ananmusarop momuoct ACM-3192

2. OneKTpopiBUraTe/b IPMBOJA MEXaHM3Ma pe3aHus

Figure 2 - Measurement scheme of active power consumed by IBF-1 cutting mechanism drive motor in operation mode
Pucynox 2 - Cxema m3MepeHMsl aKTMBHOI MOLIHOCTM, IOTPeO/IeMOil 37eKTPOABUIaTe/ieM HPMBOJA MeXaHM3Ma PEe3aHMs YCTAHOBKU

B®-1 B pabouem pexume

Ha ycraHOBKe M3Me/IbyaIy 9KCIIepUMEHTAIbHbIE O/I0KM
3aMOPO>KEHHOTO M#ICa, Hape3aHHbIe U3 (/IOKOB IPOMBIIIICH-
HOTO TUIIOpasMepa (TOBAMVIHBI )KIMIOBAHHOI BTOPOTO COPTa
Y CBUHVHBI >KIJIOBAaHHOI TIOMY>KMPHOIT). B cooTBeTcTBIM C
I'OCT P 54704-2011 «bmoku 13 >KMIOBAaHHOTO Msca 3aMOpPO-
>KE€HHbIE» MacCOBasi IOJLAA COEMVHITEIbHOI 1 YKMPOBOVI TKaHN
B TOBsAAUHEe cocTaBwia He 6onee 20%, B CBMHIHE MAacCOBas
TOJLA KMPOBOI TKaH! cocTaBuIa ot 30% mo 50%. Temnepary-
pa Msca B LIeHTPe SKCIIepPUMEHTATbHOTO 6710Ka Iepeft I3MeTb-
4yeHueM cocTas/sna Munyc 12 °C ... munyc 14 °C.

CrarycTidecKmit aHaIu3 SHeProsaTpar Mporecca 13Meb-
YeH)S 3aMOPOXKEHHOro Msca (ppe3oil IPOBOAWIM METOHOM
pacyera OLIeHOK YVC/IOBbIX XapaKTePVICTHK (MaTeMaTI4eCKOro
OKVIAHMA U AVCIIePCHY) SKCIEPUMEHTA/IBHOTO pacIIpefierie-
HIs1 aKTVBHOJ MOIITHOCTY, TIOTPeO/IsIeMOI1 97IeKTPOfiBUTATeNIEM
IIPUBOJA MEXaHM3Ma pesannA ycraHoBku VIB®-1 B mpomecce
M3MeTIbYeHNA ChIpbs. IIpoBepKy COOTBETCTBIA 3aKOHA JKCTIE-
PUMEHTANIbHOIO pacIpee/ieHl sl MOLIHOCTY KaK CIydaiiHOM
BE/IYMHBI BBIIBYHYTOMY TMIIOTETIYECKOMY 3aKOHY pacIpe-
TeTIeHNA OCYLIECTB/LA/IN IO KpyUTepuio cornacys [ Inpcona.

Pesynbrarbl 1 006CyK/eHe

JlaHHbBIe M3MepeHMil ObIIM IIOTyYeHBI IIPU M3MeJIbue-
HJJ Pa3HBIX SKCIIEPUMEHTA/IbHBIX 67T0KOB 3aMOPO>KEHHOTO
Msca IBYX BUJOB (TOBAAVMHBI M CBUHUHBI). Oblee 4mcio
3aMepoB MOIIHOCTU (06'bEM BBIOOPKM) COCTABUIO 36 3Ha-
veHuit. [Jasee maHHBIe 3aMepOB MOIHOCTM OyzieM paccMa-
TPUBATh KaK eVHYI0 CTATUCTNYECKYI0 BBIOOPKY JJAHHBIX.
910 06YCIOB/IEHO TeM 0OCTOATETBCTBOM, YTO CTATUCTIYE-
CKIMII aHa/IN3 NOTPe6/1AeMOli MOIIHOCTY CTIeflyeT IIPOBECTH
JUIA BCEX CITy4aeB SKCIIePYMEHTAIbHOTO U3MebueHns ¢pe-
3011 OHOTO TUIIA, KOMIUIEKTYIoMell u3Menbuntensb VIbO-1.
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The instrument potential wires were connected to
phase terminals of stator winding of IBF-1 cutting mecha-
nism drive motor. The measurements were carried out us-
ing «three phases - neutral» model (Figure 2):

The setup grinded the experimental frozen meat blocks
derived from industrial size blocks by cutting them (sec-
ond grade trimmed beef and semi-fat trimmed pork). In
accordance with GOST R 54704-2011 «Blocks of frozen
trimmed meat», the mass fraction of connective and fat
tissue in beef was not more than 20% and fat tissue mass
fraction in pork ranged from 30% to 50%. The tempera-
ture of meat at the center of the experimental block before
grinding was minus 12 °C to minus 14 °C.

Statistical analysis of the energy consumption for fro-
zen meat grinding by milling tool was carried out by cal-
culating estimates of numerical characteristics (mean and
variance) of experimental distribution for the active power
consumed by IBF-1 cutting mechanism drive motor in
the process of raw material grinding. Validation of cor-
respondence of active power experimental distribution as
the random variable with the hypothetical distribution law
was carried out by the Pearsonss fitting criterion.

Results and discussion

The measurements were obtained in the process of grind-
ing of different experimental frozen meat blocks of two spe-
cies (beef and pork). The total number of power measure-
ment (sample size) was 36 values. Further details of power
measurements will be regarded as a single statistical data
sampling. This is due to the fact that the statistical analysis
of power consumption should be performed for all cases of
experimental grinding using the milling tool of the same type.
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/13 paHHBIX 3aMepoB CHOpPMUPYeM I'PYHIVPOBAHHBII From these measurements, we will form the grouped
cTaTucTuaeckuit psig (tTabmmua 1). statistical series (Table 1).
Table 1. Grouped statistical data series of power consumption measuring for IBF-1 cutting mechanism drive motor (beef, pork)

Ta6muua 1. [pynnupoBaHHblil CTATUCTUYECKUIT P JAHHDIX 3aMePOB MOTPe6/IsIeMOil MOITHOCTH 3TEKTPOABUIaTEIeM IPIBOJA
MexanusMa pesanus JIb®-1 (roBaguHa; CBUHIHA)

Range and its limits in KW val;Ill;: ﬁlutlﬂginggrgﬁrm o The frequenc! of entering The average power value in the
8 ie rang therange p; |Yacrora range Nip, KW | Cpennee snauene
JIuana3oH u ero rpaHNIbI B KBT 3HAYEHII MOIHOCTH B U pr h
AMAma3oHe TOMafaHNsA B AMaNa3oH i MOIITHOCTH B Ayianasone Nip KBT

Range 15 1.00 - 2.00

Tnanasox 1; 1,00 - 2,00 5 0.139 1.69

Range 2; 2.00 - 2.60

TTnanasoH 2; 2,00 - 2,60 5 0.139 2.36

Range 3; 2.60 - 3.20

TTnanason 3; 2,60 - 3,20 8 0.222 2.84

Range 4; 3.20 - 3.60

IInanasoH 4; 3,20 - 3,60 8 0.222 3.42

Range 5; 3.60 - 4.40

Inamason 5; 3,60 - 4,40 10 0.278 4.02

[To mpuBeneHHBIM B Tabmmie 1 JaHHBIM HOCTPOMM . . .
TUCTOTPAMMY YNCTE€HHOTO paclpefeNieHNs IONaJaHuii Acc.ordmg to Te'tble 1, we W}H plot a histogram of
BE/INMIMHBI MOIHOCTH, IOTpe6IsieMoii anekTponBurare- ~ humerical dl'strlbutlon fpr entering of power consumed
JleM TIPUBOfja MeXaHM3Ma pesaHus ycraHoBku VIBD-1, B by IBF-1 cutting meghamsm drive motor into the selected
BBIOpaHHBIE IVAIIa30HbI € 3Ha4eHMII (PUCYHOK 3). range of its values (Figure 3).

PaccunTaeM IJIOTHOCTY YaCTOTHI 11O {ANIa30HAM 3Ha- We will calcqlate the frequency density at ranges of
JeHmit HoTpebsgeMot MomHoCTH (Tabmmua 2). power consumption values (Table 2).

Table 2. Frequency density at ranges of power consumption values.
Ta6muia 2. IIT0THOCTH YaCTOTHI IO fUANa30HAM 3HAYEHMIT IIOTPeOIsIeMOii MOLIHOCTH.

%‘m‘ts of power values range, kW 1.00 - 2.00 2.00 - 2.60 2.60 - 3.20 3.20 - 3.60 3.60 - 4.40
PaHuUIbI [UANIA30HA 3HAYEHIIT MOITHOCTH, KBT
Frequency density x102, kW-1 13.9 23.20 37.00 55.50 34.80
ITInorHOCTD YacToThI X102, KBT-1 : : : : :
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MpaHMLUbI ANMaNa3soHOB 3HAYEHUN aKTUBHIN MOLLHOCTU, KBT

Figure 3 - Histogram of numerical distribution for entering of power consumed by IBF-1 cutting mechanism drive motor into the selected range
of its values

PI/ICYHOK 3 - FI/ICTOI‘paMMa YUCIEHHOTO paclpenenenns HOHaI[aHI/Hu/I BE€/IMYMHDbI HOTpe6HH€MOI7[ MOIITHOCTN 3/IE€KTpOABUTraTEeIEM IIPpUBOIA
MexaHusMa pesanus VIB®-1 B BbIOpaHHbIe AMAIIa30HBI €€ 3HAYEHMIT
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ITo maHHBIM TA6GMUIIBI 2 TTIOCTPOUM TUCTOTPAMMY IIOT-
HOCTM YaCTOTHI PaCIpeie/ieHVisi MOIIHOCTH, TOTPeOIsIeMoit
B Ipollecce M3MeJIbYeHNsI, B BbIOpAHHBIE IMAIa30HbI €é
3HayeHMil (pucyHOK 4). B oTimdume oT rmcTorpaMMbl 4m-
CJIEHHOTO paclpefeNieHys MoNafaHnil BeTMYNHbBI MOLIHO-
CTU B BbIOpaHHbIE JMAIA30HbI €€ 3Ha4eHMil (PUCYHOK 3),
3/iech MBI IIOZTy4aeM O0beKTUBHYIO KaPTUHY 9KCIIepUMEH-
TaJIbHOTO pacIpefie/ieHs MOLUTHOCTY KaK CIy4ailHOM Be-
JIMYYUHBL, YCTpaHss GakTop cyObeKTMBHOrO BbIOOpaA Ipa-
HII Ayana3oHos [7]. ITo BuAy riucTorpaMMBl IpUBeIeHHON
Ha PUCYHKe 4 MOYKHO IIPEJIIONIOXKUTD, YTO 3aKOH pacIIpeie-
JIeHMsI MOILITHOCTY O/IM30K K 3aKkoHy laycca.

OreHuM mpaBRoNOA00MEe ITON IMITOTE3bl PACUYETHBIM
IyTeM. BBIUMCIMM OLIEHKM YMCIOBBIX XapaKTE€PUCTUK
OTIBITHOTO pacCIpefie/ieHNs] MOIIHOCTH, MOTPebIsieMolt B
IpoLecce N3Meb4eHNA:

According to Table 2, we will plot a histogram of
the frequency density for distribution of power con-
sumed during the grinding process, in its chosen
range of values (Figure 4). In contrast to the histogram
of the numerical distribution of power values enter-
ing the chosen ranges of its values (Figure 3), here
we can see an objective picture of the experimental
power distribution as a random variable eliminating
the factor of subjective choice for ranges limits [7]. By
referring to the histogram shown in Figure 4 it may
be assumed that the power distribution law is close to
the Gaussian one.

We will estimate the plausibility of this hypothesis
by calculation. Let us calculate estimates of numerical
characteristics for experimental distribution of power
consumed in the process of grinding:

k
mf, = Z Nigp - P} = 3,07(xB1), (1)

i=1

on = /Dy = Vo — (m})?=0,789 (xkBT), (2)

T7ie my - OLeHKa MaTeMaTNIeCKOTO O>KUIAHMsI OIIBITHO-
IO pacIpefielieHNIs]; o), - OLjeHKa CPEJJHero KBapaTuiecKo-
T'O OTKJIOHEHVIS OIIBITHOTO pacIipefielieHNs; D, OIleHKa Jin-
CIIepCUM OMIBITHOTO PACIpefieNIeHNs; & 9MCIO NUAla30HOB;
P, - 9acTOTA MOTA/IAHNA B i ~ThIil MAMA30H; Niep - Cpenuee
3Ha4YeHJe MOLIHOCTY B i -TOM JiMalla30He; !, - Ha4a/IbHbIN
MOMEHT BTOPOTO HOPs/IKa OIBITHOTO pacIpefeneHns Mo-
Tpe6/Is1eMOiT MOITHOCTH B TIPOLIeCCe U3MeTbYEHIS.

BbiIBIHEM IMIIOTESY, YTO OIBITHOE CTATUCTIYECKOE pacIpe-
JieTleHyie TIOTPeO/IsIeMOll MOLIJHOCTY 37IeKTPOJIBUTATENIeM TIpH-
BOJIA MeXaHM3Ma pesaHyst v3MenbanTers Vbd-1 nogamHsaercs
HOPMaJIbHOMY 3aKOHY C BbIYVIC/IEHHBIM BbILIE TApaMeTPaMIL:

(a —m)?

where m, estimate of the mean of experimental
distribution; o, - estimate of standard deviation of
experimental distribution; Dj - estimate of the variance
of experimental distribution; p; the number of ranges;
the frequency of entering the ™ range; N, - mean
power value in i™ range; ¢, initial second moment for
experimental distribution of power consumption in the
process of grinding.

We will put forward a hypothesis that the experimental
statistical distribution of the power consumed by IBF-1
cutting mechanism drive motor corresponds to the normal
law with parameters calculated above:

fla) =

[(a;w—n)] P l‘ @ 7 ] ) [(0,7891- V2m) | <P

[—(a—3,07)%/(2-0,622)]. (3)
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Figure 4 - Histogram of the frequency density for distribution of the power consumed by IBF-1 cutting mechanism drive motor in

operation mode - by the ranges of its measured values

PucyHox 4 - I'mcTorpaMma IJIOTHOCTY YacTOThI pacpefie/ieHus MOLHOCTH, IOTpe6/IAeMoil 7IeKTPOBUraTe/IeM IIPUBO/IA MEXaHN3Ma Pe3aHMs
ycranoBku VIb®-1 B pabodeM pexuMe 110 Ayana3oHaM e€ M3MepeHHbIX 3HaUeHMI
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Table 3. The probability of entering the power into the ranges of its values calculated for the hypothetical distribution
Taém/[ua 3. BCPOHTHOCTI/I nmomajgaHmAa 3HaYEeH NIt MONITHOCTHU IO TUIIOTETUYECKOMY PAaCIpENECIEHNI0 B Bblﬁpa]{]—[hle JVana3oHbI

Limits of power values range, kW | 1.00 - 2.00 2.00 - 2.60 2.60-3.20 3.20-3.60 3.60 - 4.40
Ipanuupl AuanasoHa 3HaYeHMIT MOIHOCTH, KBT
Probability | Bepostrocts 0.0824 0.1873 0.2933 0.1811 0.2059

[IpoBepky mpaBAoONOROOUA BBIIBUHYTON TMUIIOTE3BI
OCYILIeCTBMM, UCIIONb3Ys KpuTepuii cornacus:A ITupcona.

B Tabmuue 3 mpuBeneHb BEPOATHOCTM MOMATAHVA
MOIIHOCTY B [IMAINIA30HbI €€ 3HAUeHMI1, BbIYMC/IEHHbIE 110
TUNIOTETUYECKOMY pacIpelie/eHNIO.

Boramcnmm sHadeHne Kpurepus [Inpcona:

n-p;)?

Z (nl(n Pi)

IZie 1 - HOMep iVana3oHa 3Ha4YeHNIT MOLTHOCTY; K - M-
CJI0 IMANa30HOB; YNMC/IO 3HAUYEHUI MOLIHOCTYU B 1 - TOM
OUanasoHe; N - 4YMCIO M3MepeHuit n=36, Zne=n= 2
BEPOATHOCTD MOMAJJAHNA 3HAYEHVSA MOLIHOCTY IO TUIIO-
TeTUYECKOMY PaCIIpefie/IeHNIO B 7 - ThIii AMAIa30H.

Tabmunoe 3HaueHme kpurepusa IImpcoHa A ypos-
HA 3HaumMocty 0,1 IpyM TpexX He3aBUCUMBIX YCIOBMAX
n_mcrne CTereHel! CBOOOABI paBHO r=k-3=5-3=2 [8]:
xmm =4,60.Takum 06pasoM, Ipy IPUHSATBIX YCIOBUAX
paccunTaHHOe 3HadeHue kpurepus [IMpcoHa MeHblue Ta-
6/muHoro 3Havenus (3,70<4,60). CrnemoBarenbHO, TUIIOTE-
3y O HOPMa/IbHOM pacIpefie/IeHNy aKTUBHOJ MOIIHOCTH,
HOTpe6/IAeMOl 37IeKTPOIBUTaTe/IeM IPUBOJA MeXaHM3Ma
pesanua usMenpuntensa VIb®-1 B mporecce u3MenbueHns
KaK C/Iy4aifHOM BeJIMYMHbBI MOXKHO CYUTATD HE IIPOTUBOpE-
Jalleil OIBITHBIM JJAHHbBIM.

Pe3y/bTaThl BBIYMC/IEHNIT TIO3BOJIAIOT IIPEAIONOXNUTD
Ha OCHOBAHUM IIeHTPA/IbHOI IpeielIbHOI TeopeMsl [7, 8],
YTO CTOXacTU4eckue (HakTopbl (HEOZHOPOJHOCTD CHIPbA
[0 TEKCTYPHOMY U CTPYKTYPHOMY IIpM3HAKaM, M3MeHe-
HIle TeMIIEPATypPBbl CBIPbsi B 00béMe 610Ka Msca) MMEIOT
paBHO3HAYHOE B/IMAHNE HA SHEPro3aTparsl Ipoljecca us-
Me/IbYeHN OIOYHOTO 3aMOPOXKEHHOTO MsCa IO METORY
¢dpesepoBaHus.

= 3.70, (4)

BriBopgbI

Kak BUJHO M3 pesy/nbTaTOB CTATMCTMYECKOTO aHa-
NM3a OIBITHOTO pacHpefiefieHNs aKTUBHOI MOIIHOCTH,
HOTpeO/1AeMoil 3/IeKTPOIBUTATeIeM HPUBOiA MEXaHN3-
Ma pesaHus ycraHoku VIbB®-1 B mpolecce msmenbye-
HUA, CyLIeCTBYeT 3HAuMTe/NbHas MAUCIePCUsA 3HAuYeHMit
MOIIHOCTY BO3JI€ OL|eHKM MaTeMaTU4YeCKOro OXKMUTAHUA
MomHOCTY. OTMeTUM, 4TO OIeHKa CPeJHero KBaJpaTiu-
4eCKOTO OTK/IOHEHMA MOIHOCTY COCTaB/IAeT MPYMEpPHO
26% OT 3Ha4YeHMS OLIEHKM MaTeMaTU4eCKOTO OXKMJaHM:.
B aTOl1 CBA3M MOXHO CKa3aTh, YTO MOMEHT COIPOTHBIIE-
HMSA M3Me/bYeHNI0, TO eCTh Harpyska Ha ¢pesy B pabo-
yeM peXMMe, CYLIeCTBEHHO M3MEHSAeTCSA IO BelTMYMHe.
9T0 O0ODBACHAETCA 3HAYNUTENbHON HEOZHOPOJHOCTDIO
UCXOTHOTO chIpbsA. [Ipy M3MeHeHMn Harpysku Ha ¢pesy
U3MENbYNTEIA B pabodyeM pexuMe M3MEHAETCA 4acTo-
Ta e€ BpallleH!s, YTO MPUBOAUT K HNOIIOTHUTEIbHON IM-
CIIepCuy IMHENHBIX pa3MepOB MACHON CTPY>KKU B CBA3U
C M3MEeHeHMeM IIapaMeTpPOB peXMMa pe3aHMsA (Mopaun

We will estimate the plausibility of this hypothesis by
using the Pearsonss fitting criterion.

Table 3 shows the probability of entering the power
into the ranges of its values calculated for the hypothetical
distribution.

Let us calculate the Pearson’s fitting criterion:

z (nl —-n pl)z

(n-py)

where i-number of power values range; k - number of
ranges; number of power values in ' range; n - number
of measurements, n=36 Y n=n p, the probability of
power value entering into ™ range for a hypothetical
distribution.

Tabulated value of Pearson’s criterion for significance
level 0.1 at three independent conditions and at the
number of degrees of freedom is r=k-3=5-3=2 [8]:
%2, =4.60.Thus, under the assumed conditions, the
calculated value is less than the Pearson’s criterion
tabulated value (3.70<4.60). Therefore, the hypothesis
about normal distribution of active power consumed
by IBF-1 cutting mechanism drive motor in the process
of grinding as a random variable may be regarded as
consistent with the experimental data.

On the basis of the central limit theorem [7, 8], the
calculation results suggest that stochastic factors (raw
material heterogeneity regarding texture and structural
characteristics, temperature variability in raw meat

blocks) have equal influence on the energy consumption
in the process of frozen meat blocks grinding by milling.

= 3.70, (4)

Conclusion

As it can be seen from the results of statistical anal-
ysis of the experimental distribution of active power
consumed by IBF-1 cutting mechanism drive motor in
the process of grinding, there is a significant variance
of values near the mean estimates for power. It must be
noted that the estimate of standard deviation for power
is about 26% of the mean estimate. In this regard, it
can be assumed that the resistive torque, i.e. the load
on the milling tool in operation mode, varies consider-
ably. This is due to significant raw material heteroge-
neity. When the load on the milling tool in operation
mode changes the frequency of its rotation changes too,
which leads to further dispersion of the linear dimen-
sions of chipped meat due to changes in cutting mode
parameters (feed onto the milling tool edge and cutting
speed). Taking this into account, it is necessary to en-
sure the stabilization of the cutting mode parameters
by the means of automatic control system (ACS) dur-
ing the grinding in operation mode [9, 10, 11]. The ACS
structure for frozen raw meat grinding process by mill-
ing tool using a control computer is proposed in [12].
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Ha 3y0 Qpesbl ¥ CKOPOCTYU pe3aHus ChIpbs). YUUTHIBASA
3TO, C/lefyeT o0ecrednTb CTAOMIM3ALMIO ApaMeTpPOB
peXyMa pe3aHns CpeiCTBAMI CUCTEMBI aBTOMATIYeCKOTO
ynpasnenus (CAY) nporjeccom usMenbueHns B paboueM
pexume uamenbunrens [9, 10, 11]. Crpykrypa CAY npo-
I[eCCOM M3Me/IbYeHMsI 3aMOPOXEHHOTO MSCHOTO ChIPbs
(pe30ii ¢ UCIIONb30BAHUEM YIIPABJIAIONIEN BEIYMC/INTENb-
HOJT MaIlIMHBI IpeIoKeHa B pabore [12].

YCTaHOB/IEHHBII CTAaTUCTUYECKUM AHANMM30M (aKT
HOPMAJIBHOTO pacIlpefie/ieHNsl 3Ha4eHWI SHeprosarpar
Ipoliecca M3Me/IbYeHNsA ChIPbsi MEeTOOM (pesepoBaHMs,
HO/TyYEHHBIX 9KCIIEPMMEHTA/IbHBIM IIyTeM, IIO3BOJISAET
VICTIONIb30BATh BBIUMCIEHHYIO OLIEHKY MaTeMaTH4ecKoro
OXKUOaHUS HOTpe6HeHHOI7[ akTUBHOI MomHoCTH 3,07 KBT
VISl pacyeTa YCTAHOBJICHHOI MOIHOCTM IIPMBOJiA MeXa-
HU3Ma pe3aHus ¢pe3epHONl MAILIVHBI, IpeJHA3HAYeH-
HOWl /I M3MeNbyeHNus OJIOKOB 3aMOPOXKEHHOTO Msca
IIPOMBIIIEHHBIX TUTIOPAa3MepPOB.
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Statistical analysis established the fact of normal
distribution for energy consumption values during raw
material grinding process by milling obtained experi-
mentally. This allows to use the calculated estimate of
mean consumed active power of 3.07 kW to calculate
rated power for cutting mechanism drive of milling
machine designed for grinding of frozen meat blocks
of industrial sizes.
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Annomauus

Msyuanuce usmeneHus 6 eeHemuueckom mamepuarne 6axkmepuil,
803HUKAIOWsUE MO0 OeticmEuemM 0e3UHPUUUPYIOUUX CPeOCnE Pa3-
JIUMHDIX XUMUHECKUX Kaccos. Memodamu monekynsapHoil 6uomno-
UL U 2eHHOTI UMIHCEHEPUL YCIMAHOBTIEHO, YMO Oe3uHPuUUpyoulee
cpedcmso Dkouud paspyuidem Kax U0NUPOBAHHDILL ceHermute-
CKULL MAMepUan, max u HAxXo0SUUecs 6 COCase OaKMepUaIbHbIX
K7Iemoxk xpomocommyto u nnasmuonyo [JHK. Paspywenue cenemu-
ueck0eo0 mamepuana bakmepuii npu desurgexyuu 060py008aHs
Mmsconepepabamvleauux npednpusimuLi Heo6xo0umo 07 npedo-
MEpaLeHUsT 20pU30HMATILHOZ0 NePeHOCa HeHeamenvHoll eeHe-
muueckoti uHPopmMayuL, HANPUMep 2eH08 AHMUOUOUKOYCNOTi-
YUB0CMU UTIU MOKCUHOO00PA308AHUS.

BBenenue

O61enpuHATO, 4TO OMONOrMYecKas 0e30IacHOCTD
NVIIEBOI IIPOAYKINY 3aBUCUT B TOM YMC/Ie OT CTEIEeHU
yZa/leHus 3arpsA3HeHuit u 6aKTepyaTbHBIX KOHTAMUHAH-
TOB C IIOBEPXHOCTEN TEXHOIOIMYECKOro 0OOpy/OBaHMSA
HpeAnpuATIIl MACHOI oTpacin. TeM He MeHee, C pa3BUTH-
eM 3HaHMIT 0 MexaHM3MaX oOMeHa reHeTMIecKoi MHGOp-
Manuei y 6aktepuii cTano 04eBUIHO, YTO OMOTOryecKas
6€30MacHOCTb NMPOAYKIUY INIIEBOI IPOMBIIITIEHHOCTH
MO>KeT ObITb HapyllIeHa B CIydae TOPM30HTA/IbHOI Tepe-
lauyl He)Xe/laTe/IbHOM TeHeTNYeCKoil nHpopManum — re-
HOB aHTUOMOTUKOYCTOYMBOCTH, SH/IO- U 3K30TOKCHHOO-
6pasoBannus u 1.7i. (Verraes ¢ coasr., 2013). 910 ocobeHHO
AKTyaJIbHO /i1 MSACHOV IPOMBIIIJIEHHOCTU: CIOXHBIN
COCTaB OMOJIOTMYECKOI MaTPUIbI CIHOCOOEH 3aIUTUTD
IHK ot paspymenns, a cuerudnyaeckne st MsAcoIepe-
paboTKM yCTIOBMSA OKPY>Kalollieil Cpefibl — HU3Kas TeM-
neparypa, I’MIePTOHNYECKass Cpefja, BBICOKME KOHIEHT-
pauum Coseil, CTpeccoBble BO3NENCTBUA U T.J., — MOTYT
NpUBECTY K BO3HMKHOBEHMIO KOMIIETEHTHBIX KJIETOK
6aKTepuii, ClIOCOOHBIX K IOIJIOIEHNIO U1 VICIIOTb30BAHNIO
sksorennoit JTHK (Straub ¢ coasrt., 1999; Bauer ¢ coasr.,,
2004). YuutbiBasg sTOT (aKT, Ha IPESIUPUATAAX MACHOM
IPOMBIIIIEHHOCTY  1LIe/IeCOOOpasHO  MCIO/Ib30BAaTh

Keywords: potassium persulfate, glutaraldehyde, quaternary
ammonium compounds, hydrogen peroxide, disinfection, meat
processing, antibiotic resistance

Abstract

The changes in bacterial genetic material under the action
of different biocidal products have been investigated. It was
confirmed by PCR and genetic engineering that biocidal
product Ecocid was able to remove both chromosomal and
plasmid DNA, either isolated or contained within the bacterial
cells. Using a disinfectant that destroys DNA on the surfaces of
meat production equipment is a promising measure to prevent
horizontal transfer of unwanted genetic material, such as
bacterial genes associated with the resistance to antibiotics, or
genes of toxin production.

Introduction

It is generally accepted that the biological safety of
food products depends, among other things, on the de-
gree of elimination of impurities and bacterial contami-
nants from surfaces of the technological equipment of
meat sector enterprises. Nevertheless, with increasing
knowledge of the mechanisms of the genetic informa-
tion exchange in bacteria, it became obvious that the bi-
ological safety of food industry products can worsen in
case of the horizontal transfer of the undesirable genetic
information —-antimicrobial resistance genes, genes for
endo- and exotoxin production, etc. (Verraes ¢ coasr.,
2013). This is especially topical for the meat industry:
the complex composition of the biological matrix is able
to protect DNA from destruction, and the specific en-
vironmental conditions of meat processing (low tem-
perature, hypertonic environment, high concentrations
of salts, stress and so on) can lead to emergence of the
competent bacterial cells capable of absorbing and using
exogenous DNA (Straub et al., 1999; Bauer et al., 2004).
Taking into consideration this fact, it is expedient to use
in meat industry enterprises those disinfectants that not
only reduce microbial contamination of surfaces being
treated, but also lower a probability of the horizontal
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Ie3anHPUUMPYIOIVe CPEfICTBA, He TONbKO YMEHbIIAoIIye
MUKPOOHYI0 06CeMEHEeHHOCTb 06pabaThIBaeMbIX IOBEpX-
HOCTeI1, HO ¥ CHIDKAIOIVe BEPOATHOCTb TOPU30OHTAIbHO-
ro ITIepeHOCa He)KeNaTeNbHON TeHeTM4ecKoil MHpopMma-
UMM yTeM paspyiieHus nan nHaktubanym JHK.

Ha ocHOBaHUM M3y4YeHMsI JAHHBIX O PU3MKO-XUMUUe-
CKMX ¥ OMOTOrMYECKMX CBOVICTBAX Je3MH(DUIMPYIOLVX
CPeJICTB, HanbosIee YacTo VCIOMb3yeMbIX Ha arpOIPOMBIII-
JIHHBIX NPEeNNpUATHAX M B MACHON IPOMBIIUIEHHOCTH,
BO3HJKJIO ITPEJIIIOI0)KEHIe, YTO IIOfIaBJIAoIee OO/BIIHCT-
BO JIe3CPEJICTB He OKA3bIBaeT CYI[eCTBEHHOTO BO3/IE/CTBIIA
Ha FeHeTNYeCKyIo MH(POPMALIIO, 1 He IPEISITCTBYeT TOpu-
30HTA/IbHOMY IIepeHOCy TeHOB. llenbio JlaHHOTO MCcCceno-
BaHIA ABIIACH SKCIIEPUMEHTa/IbHAA IIPOBEpKa 3TOI TUIIO-
Te3bl,  TAKKe MOVICK ITePCIIeKTUBHBIX 1e3VHPMLIMPYIOMINX
CPEZICTB, NO3BO/IAONINX IPESOTBPATUTh TOPU30HTAIbHBII
MEepeHOC HEeXKe/IaTelbHOM TeHeTHYeCKol MHGOpManym
Ipy Ae3nHQeKIVN IPON3BOICTBEHHOIO 000PYIOBaHNS Ha
IPeINPYUATIAX MACHOI IPOMBIIIIEHHOCTL.

Marepuaibl M1 METOAbI

VccnenoBanns NpOBOAMINCH B CEKTOPE MOJIEKYIAP-
Hoit Omomornn OTBHY «VIHCTUTYT SKCIEepMMeHTab-
Hoit BetepuHapuu Cubupnu u JanbHero Bocroka» u ja-
6oparopun  dapmakorenomuku OPIBYH «VMHCTHTYT
XVMMIYeCKOli 6¥0/1oruy ¥ pyHZaMeHTaTbHOI MefUIIVHbI»
(r. HoBocubupck).

Il mccnenoBaHmil UCIIONb30BA/ICH CIEAYIOIIVe Jie-
3MHQUIUpYyoLNe CpeficTBa: Buporueny Ha ocHOBe rTyTa-
pa/IbIeryy; M KOMIIO3MILIUY YeTBEPTUYHBIX aMMOHUITHBIX
coepuuennit (YAC), HPPI Ha ocHOBe mepekucu BOfopo-
fia, ¥ KO/, Ha OCHOBe IepCybdaTa Kamys, IpOou3Boj-
crBa kommauuy OO0 «KPKA GAPMA».

Vcnonb3oBanucy cnepyouie pedepeHTHble IITaM-
MBIl  CaHUTAPHO-TIOKA3aTEe/NbHbIX  MUKPOOPIaHN3MOB:
Clostridium perfringens ATCC 13124, Salmonella enterica
var typhimurium TA100 (komnexyst IXBOM CO PAH), E.
coli XL Blue ¢ mnasmmpoit pBluescript, Hecyweit reH ycToii-
YMBOCTM K aMmuuwuimMHy. Beienenne JTHK 6akrtepmit
IPOBOAMIOCH CTaHJAPTHBIM CHJIMKO-COPOIVIOHHBIM METO-
nom; Boiienenue miasmupgHoit JHK ocymectsisanocs de-
HO-x710podopMHBIM MeToztoM (Mannaruc n Opuy, 1984).

[TIIP B peanbHOM BpeMeH! IPOBOAN/IACH HA peasITaliM-
ammudukaropax «MiniOpticon» (BioRad) u LightCycler
(Roche) B koHeuHOM 06'BEME 25 MKJI, CofiepkariieM 67 MM
tpuc-HCl (pH 8,9), 16 MM cynbdar ammonus; 2,4 MM
MgCl2; 0,01% Tsun 20; 0,2 MM gHT®; 0,5 MxM onuro-
HYK/ICOTMIHBIX IIpaiiMepoB U (PIyOpeclieHTHOrO 30HHA,
Taq-JHK nmonumepasa 1-2 ef.

Il OLeHKM BIMAHMA WUCCIEAYEeMBIX Jie3MHPUIMPY-
IOIIMX CPEJiCTB Ha T€HeTUYeCKYylo MHQpOpMaIyio OakTe-
puanbHbIX maroreHos K o6pasnam [JHK Cl perfringens ¢
KoHIeHTpareit 4,9x10° I'E/m 06aBsiincy uccnenyemble
nesuHuIMpyoOIMe CcpefcTBa [0 KoHUeHTparmn 0,5%
— B/06 (Oxounp) wim 06/06 (Bupomeng n HPPI). K nn-
TaKTHOMY KOHTPOJIIO JJOOABIIA/MN (PU3MONIOTMYECKUIT pac-
TBOP B TOM e oObeMme. [locne nHkybauun B TedeHue 10
MMHYT peaKI[IOHHasA cMech pasbasiiach TE-6ydepom B
10 pas, nmocsne 4ero Mcnonab3oBanach Ajd nocTaHoBky I111P.
ITpaiimepsl 1 GrryopecLieHTHBII 30H, /IS e TeKTUPOBAHS
reHeTM4yeckoro  Marepuanga  (xpomocomuoit  JTHK)
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transfer of the undesirable genetic information by
destroying or inactivating DNA.

Based on the study of the data on physico-chemical
and biological properties of the disinfectants that are
more often used in the agro-industrial enterprises and
in the meat industry, it was suggested that the over-
whelming majority of disinfectants did not significantly
affect the genetic information nor prevent the horizon-
tal gene transfer. The aim of this work was an experi-
mental verification of this hypothesis and search for
prospective disinfectants that allow prevention of the
horizontal transfer of undesirable genetic information
upon disinfection of the industrial equipment in enter-
prises of the meat industry.

Materials and methods

The research work was conducted in the Sector of Mo-
lecular Biology of FGBNU “The Institute of the Experi-
mental Veterinary of the Siberia and the Far East” and the
Laboratory of Pharmacogenomics of FGBNU “The Insti-
tute of Chemical Biology and Fundamental Medicine” of
the Siberian Branch of the Russian Academy of Sciences
(ICBFM SB RAS) (Novosibirsk).

The following disinfectants were used for the study:
Viroshield on the basis of glutaraldehyde and quaternary
ammonium compounds (QAC), HPPI on the basis of hy-
drogen peroxide and Ecocid on the basis of potassium per-
sulfate, which is produced by the LLC KRKA PHARMA.

The following reference strains of the sanitary indica-
tor microorganisms were used: Clostridium perfringens
ATCC 13124, Salmonella enterica var typhimurium TA100
(collection of ICBFM SB RAS), E. coli XL Blue with the
pBluescript plasmid carrying the ampicillin resistance
gene. Isolation of the bacterial DNA was carried out by the
standard silica adsorption method; isolation of the plas-
mid DNA by phenol-chloroform method (Maniatis and
Fritch, 1984).

Real-time PCR was carried out on the Real-Time Ther-
mal Cyclers «MiniOpticon» (BioRad) and LightCycler
(Roche) in the final volume of 25 pl, containing 67 mM
tris-HCl (pH 8.9), 16 MM ammonium sulfate; 2.4 MM
MgCl2; 0.01% Twin 20; 0.2 MM dNTP; 0.5 uM oligonucle-
otide primers (pH 8.9) and fluorescent probe, Tag-DNA
polymerase 1-2 units.

To assess the influence of the disinfectants under
investigation on the genetic information of the
bacterial pathogens, the disinfectants were added in the
concentration up to 0.5% (w/vol. for Ecocid; vol./vol. for
Viroshield and HPPI) to the samples of CI. perfringens
DNA (4.9x10° GE/ml). The physiological solution
was added to the intact control in the same volume.
After incubation for 10 min., the reaction mixture was
diluted with TE buffer ten times, and then used for
performing PCR. The primers and fluorescent probe for
detecting the genetic material (chromosomal DNA) of
Clostridium perfringens had the following structure:

- CPF15-ACATGTTCAGCTGACCGATACT-3;
- CPF2 5’-CACGTGCTCTACCGACTGA-3;,
- Tagman probe FAM-CATCGGCTTCTAAAGGCTTAACCGTC-BHQ

To detect the concentration of the genetic material
(chromosomal DNA) of Salmonella enterica, real-time
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Clostridium perfringens Menu CIeRYOIIYIO CTPYKTYpPY:
- CPF15’-ACATGTTCAGCTGACCGATACT-3},
- CPF2 5’-CACGTGCTCTACCGACTGA-3;,
-3017 Tagman FAM-CATCGGCTTCTAAAGGCTTAACCGTC-BHQ
s ompepeneHnss KOHLEHTpAaLMM TeHETUIECKOTO
marepuana (xpomocomuoit JJHK) Salmonella enterica
UCIONMb30Banach KommdyecTseHHasa IIIIP B peanbHOM
BpeMeHM ¢ 30HAOM Tagman coOCTBeHHOIT pa3paboTKu
(AdomnromkmnH ¢ coas., 2008):
- Sm1 5’-GAGCATATTCGTGGAGCAATG-3),
- Sm2 5’-AATAACATCCTCAACTTCAGCAG-3;
- 30H7 Tagman Sm3 FAM-TGCTCGTAATTCGCCGCCATTGG-BHQ
LI oLleHKM HeiiCTBUA MCCIeNYeMBIX [e3CPefcTB Ha
MHTEHCUBHOCTD paspyiienns mrasmuaHoi [JJHK o6pasibrl
JHK mmasmups! pBluescript 100 Mxr/m o6pabatbiBanm fie-
3CPEACTBAMIU C J/INTENIbHOCTDIO SKCIO3UIUY 19ac B crieny-
I0IIMX KOHIeHTpauuax: Bupomeny n Sxonuzp 0,5%, HPPI
2%. O4nCTKa peaKkIMOHHBIX CMecell OT OCTATKOB Je3NHM-
LVIPYIOMINX CPeACTB IPOBOAVIIACH C IIOMOIIBIO Te/Tb-(PIIb-
TpaLuu Ha MUKPOKOJoHKax ¢ BioGel P-6 (BioRad). Kowm-
neTeHTHbIE KeTKU E.coli TpancdopMupoBanu miasMugon
10 METOZIMKE TEIUIOBOTO IIoKa: K 100 MK/ 6aKTepuaabHOI
KY/IBTYpbI f06aB/sm 1o 10 MK/I pacTBOpa IUIa3MMITHO
OHK (momoXuTenpHbINI KOHTPONMb) WIM PeaKI[MOHHOM
cMecy Tocte 06pabOTKM [ie3CpeficTBaMM, MHKYOMpOBaIm
40 muH npu 0 °C, nocjie 4ero pacupesersiiv Ha arapuso-
BaHHOII cpefie ¢ ammuipuumHoM (arap Jlypus-bepraun),
noporpetoii o 37 °C (Mannatnc u @puy, 1984).
Bce sxcriepyMeHTBI ITPOBOJVIIN B YETHIPEX IIOBTOPHOCTSIX.

Pe3ynbrarsl uccnegoBaHuii

Onenka crenenu paspyuieHns mnsonuposanson JHK
Cl. perfringens TIOR eiICTBUEM UCCIIEYeMBIX [€3CPefCTB
OCYIIeCTB/IANACH 110 CABUTY moporosoro nukaa C(t), ko-
TOPBII HACTYIAeT II03)Ke IIPM CHIDKEHMM KOJIMYecTBa
IHK, npurognoit s ammnndukanuu (Puc. 1-2, Tabm. 1).

B pesynbTare sKCIepuMeHTa YCTAHOBJIEHO, UTO BCe Jie-
3UH(EKTAHTBI B TOJ VM/IM VIHOV CTENeHM CABUTAIOT HACTY-
IUIeHNe TTOPOTOBOTO I[MKJIA, TO €CTh CIIOCOOHBI CHIDKATD
koHueHTpanyio JHK, npuropnoit mia I1LP, B 28-49 pas.
Hanbonpiieil akTMBHOCTHIO B 3TOM OTHOIIEHUM 0O7azan
OKkouuA, BBISBIBABLIMIT cABUT moporosoro mykna C(t) B
cpefHeM Ha 2,7, 9TO AB/IAETCA HAWUIYYIIMM pe3y/IbTaToM
Cpeny CCTIeOBaHHbIX Ie3cpencTB. CrieyeT OTMETUTD, 4TO
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Fig. 1. Change in the threshold cycle C(t) after treatment of the
genetic material with Ecocid

56

quantitative PCR with in-house Tagman probe was used
(Afonyushkin V.N. et al., 2008):

- Sml 5-GAGCATATTCGTGGAGCAATG-3},

-Sm2 5’-AATAACATCCTCAACTTCAGCAG-3;

- Tagman probe Sm3 FAM-TGCTCGTAATTCGCCGCCATTGG-BHQ

To assess the action of the disinfectants under inves-
tigation on the intensity of plasmid DNA destruction,
the samples of the pBluescript plasmid DNA (100 pug/ml)
were treated with the disinfectants for one hour in
the following concentrations: 0.5% for Viroshield and
Ecocid, 2% for HPPIL.

Purification of the reaction mixtures from the resi-
dues of the disinfectants was carried out using gel-filtra-
tion on the micro columns with Bio-Gel P-6 (BioRad).
The competent cells of E.coli were transformed with the
plasmid using the method of heat shock: 10 pl of the
solution of the plasmid DNA (positive control) or the
reaction mixture after treatment with the disinfectants
were added to 100 pl of the bacterial culture, incubated
at 0 °C for 40 min., then spread on the agar medium
with ampicillin (agar Luria-Bertani) heated to 37 °C
(Maniatis and Fritch, 1984).

All experiments were carried out in four replications.

Results of the experiments

The degree of destruction of theisolated of CI perfringens
DNA under the influence of the tested disinfectants was
assessed according to the change in the threshold cycle
C(t), which occurred later upon decreasing a quantity of
DNA suitable for amplification (Fig. 1-2, Table 1).

As result of the experiment, it was found that all
disinfectants, to one extent or another, change the beginning
of the threshold cycle; that is, are able to significantly (28-49
times) reduce the concentration of DNA suitable for PCR. In
this regard, the highest activity had Ecocid, which induced
the change in the threshold cycle C(t) on average by 2.7,
which was the best result among the studied disinfectants. It
is necessary to note that in this experiment, it was impossible
to achieve the full destruction of DNA as the experimental
conditions envisage detection of a comparatively short DNA
region with a length of only 200 b.p. On the other hand,
the real amount of chromosomal DNA destruction after
treatment with Ecicid would be proportional to the genome
size; that is, 2000-4000 times more.

Amplification
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Fig. 2. Change in the threshold cycle C(t) after treatment of the
genetic material with HPPI
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Table 1. Concentrations of the genomic DNA of Cl. perfringens and threshold cycles C(t)
Ta6n. 1. Konnenrpauuu renomuoii JHK Cl. perfringens u moporosbie mukibi C(t)

Sample | Haumenosanue o6pasua Ig) 2‘3;’:;:33:;?1’(’(;1%: g SLL C(t)

DNA after treatment with Ecocid | JHK nocne o6pa6orku gesundexrantom Ixomupy 83.6 33.24
DNA after treatment with Viroshield | JTHK nocre 06pa6otku gesundexrantom Bupomeny 72.8 32.86
DNA after treatment with HPPI | JTHK nocre o6pa6orku fesundexrantom HPPI 52.4 33.19
Native DNA of Cl. perfringens | Harunas JHK CI. perfringens 2460.0 30.49
Reference Cl. perfringens No. 1 | Crangapr Cl. perfringens Ne 1 1000.0 28.61
Reference Cl. perfringens No. 2 | Craugapr CL perfringens Ne 2 100.0 31.01
Reference Cl. perfringens No. 3 | Craugapr Cl. perfringens Ne 3 10.0 36.46
Negative control (without DNA) | OtpuuarensHsiit konTpons (6e3 THK) 0 0

nonHoro paspymenn:a JHK B sToMm skcrepumMeHTe JOCTUT-
HYTb He BO3MOYXKHO, TaK KaK YCTIOBIMAMIU OIIBITA IIPEJyCMO-
TpeHa JeTeKIVsI CPaBHNUTENbHO KOpoTKoro ydyactka JHK
pmHou Bcero 200 mH. C Apyroii CTOPOHBI, pealbHOe KO-
JIMYeCTBO MOBpeXx/ieHnit B xpomocomuoit JHK nocre 06-
paboTKM mescpencTBOM JKolyy OyfeT IPONOPLUOHAIBHO
pasMepy renomMa — To ecTb B 2000-4000 pa3 6onbiire.

[l yTOouHeHMs CrIoCOOHOCTM Jie3CpencTBa DKOLU K
nospexgennio monekyn JHK, Haxopamuxcsa B cocraBe
knetok Salmonella enterica, pesuHUIUpy0ILUM cpef-
CTBOM C 9Kcroauimeit 30 MuHyT 6bm 06paboTaHbI Kak
obpasipl n3omuposanHoit JTHK Salmonella enterica, tak
CYCHeH3MsI >KU3HeCIIOCOOHBIX OaKTepyMaabHBIX KIETOK,
B3SATBIX B TOJ )K€ KOHIIEHT AL, KOTOPYIO MICIIOTb30BaIN
ms soimenenust [JHK. Tlocne ounctkn remb-bunbTpann-
el peaKIVIOHHAs CMeChb MCIIONb30BaIACh /IS IOCTAHOBKI
[TLIP B peanpHOoM Bpemenu (Puc. 3).

Konmnuecrsennas I11IP B peaibHOM BpeMeH! ABIAETCA
JIOCTATOYHO YAOOHOI CHCTEMON /I OLeHKM 9 PeKTB-
HOCTH JIe3CPENCTB B OTHOIICHNY TeHeTUIeCKOTO MaTepy-
aJ1a, O3BOJIAIAA U3YUUTh MEXaHU3M TaKOTO JIeICTBYS.
Kax cBuperensctByor pesynbrarsl [11]P, mocie o6pabot-
K lecpeficTBOM JKouup 06pasiisl nzonuposannoit JJHK
Salmonella enterica okazamuch MOTHOCTBIO MHAKTUBUPO-
BaHbl. CTeleHb MHAKTUBAIMY TeHeTHIeCKOr0 MaTepuarla,
HAaXOJVBILErOCs B COCTaBe KJIETOK CabMOHE/UI Ipu 06-
paboTke DKOIV/IOM, OLIEHVBA/IU MO CABUTY IOPOTOBOTO
nukiaa C(t) (Tabm. 2).

Ilonyyennble paHHble O KOHUeHTpamuax JHK
Salmonella enterica mocme 06pabOTKM >KUBBIX OaKTepumit
Ie3CpefcTBOM DKOLMT CBUIETE/IbCTBYIOT O CTaTUCTUYe-
ckn pocroepHoM (P=0,0096) ymeHblIeHNM KOMMYecTBa

Fig. 3. Amplification curves of the intact (1) and treated
with Ecocid genetic material of Salmonella enterica within
the bacterial cells (2) and isolated genetic material of
Salmonella enterica (3).

Puc. 3. Kpusble ammaudukanuu
00paboTaHHOr0 ~ JKOLMIOM  TeHEeTMYEeCKOTo  Marepuana
Salmonella enterica,  HAXOQUBILNEIOCA B  COCTaBe
6aKTepuanbHBIX KIETOK (2), M M30/IMPOBAHHOTO T€HETUYECKOTO
marepuana Salmonella enterica (3).

unraktHoro (1) wu
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To clarify the capacity of Ecocid to damage DNA
molecules located in the cells of Salmonella enterica, the
samples of the isolated DNA of Salmonella enterica and
the suspension of viable bacterial cells, which were taken
in the same concentration as for DNA isolation, were
treated with the disinfectant for 30 min. After purification
by gel filtration, the reaction mixture was used for real-
time PCR (Fig. 3).

Real-time quantitative PCR is quite a convenient system
for assessing effectiveness of disinfectants in regard to a
genetic material allowing investigation of a mechanism of
this action. As can be seen from the results of the PCR,
the samples of the isolated Salmonella enterica DNA were
completely inactivated after treatment with Ecocid. The
degree of inactivation of the genetic material within the
Salmonella cells upon treatment with Ecocid, was assessed
by the change in the threshold cycle C(t) (Table 2).

The obtained data on the concentration of the
Salmonella enterica DNA after treatment of live bacteria
with disinfectant Ecocid suggest the statistically significant
(P=0.0096) decrease in the quantity of DNA suitable for
amplification (more than 280 times, that is by 98.53%).
Thus, the Ecocid action on the Salmonella culture was
accompanied not only by death of bacteria but also by
DNA destruction.

As the system of DNA reparation in live Salmonella
was active, the degree of the destruction of the genetic
material within the bacterial cells was less than that upon
the action of Ecocid on the isolated DNA. Nevertheless,
use of DNA as a matrix for PCR is possible only in the
absence of two-stranded disruptions inside a target. In
this experiment the amplicon size was 150 b.p.; thus, to

Amplification
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Table 2. Concentrations of the genetic material of Salmonella enterica after treatment with Ecocid
Ta6muua 2. KonueHTpauus reHeTnyeckoro Marepuana Salmonella enterica mocine o6paboTKu ge3cpercrBoM IKouup

DNA concentration, GEin 5 pl |
Sample | ) Konnentpauus JTHK, TE B 5 Mmxn
HaumenoBanne o6pasima Logarithmic |
Absolute | AGcomoTHas b
orapudpmudecKas
Isolated Salmonella DNA treated with Ecocid |
n > 40 0 0
3onupoBanHas [IHK canbmonernn, o6paboTanHas IKonumom
DNA from Salmonella cells treated with Ecocid | 32.61+0.81 68.03+45.23 1.27+40.84
JTHK u3 KI1eToK carbMOHeT, 00pad0TaHHBIX JKOLUIOM
Intact Salmonella DNA | ntakrnas [THK canbmonenn 26.97+0.42 3667.25+1730.06 3.35+0.21
DNA from the intact culture of Salmonella | 26.14+0.36 |  4628.75+1346.85 3.42+3.60
JTHK u3 MHTAaKTHOIT KYIBTYPbI CATbMOHETT
17.80+0.26 1 000 000.00 6.00
21.94+0.12 100 000.00 5.00
References (Salmonella DNA in different concentrations) | 24.44+0.06 10 000.00 4.00
Craumaprsl (THK cansMoHeT B pa3HbIX KOHI[EHTPAL[UAX) 28.27+0.35 1 000.00 3.00
31.80+0.02 100.00 2.00
34.75+0.07 10.00 1.00
Negative control | OTpunarenbHblit KOHTPOIH >40 0 0

npuronHoit k ammwmndukauyn [THK B 60omee uem 280 pas,
TO ecTh Ha 98,53%. Takum o6pas3om, feiicTBUE He3cpef-
CTBa JKOLUJ, Ha KyJIbTYPY CalIbMOHETI COITPOBOXKJAN0Ch
He TO/IbKO Inbenbio 6akTepuii, HO u paspyuenuem JTHK.

Tak kak cucrema pemapanyu [JHK B >xmBbIX canb-
MOHE//IaX OCTaBa/jach aKTUBHO, CTENEHb Pa3pyLIeHM
TeHEeTUYECKOTO MaTepyana, HaXOGUBIIETOCA B COCTaBe
OakTepManbHBIX KJIETOK, ObI/Ia MEHbIIIe, YeM IIPU BO3Jel-
CTBUM [ie3CpefcTBa IJKouupa Ha usonupoBaHHyno [JHK.
Tem He Menee, ucnonbszosanye JHK B kauecTBe MaTpuiibL
ana IIIIP BO3MOXXHO TOBKO NPU OTCYTCTBUM JBYXIIETIO-
YEYHBIX pa3pbIBOB BHYTPU MMILIEHM, a JAHHOM 9KCIEepU-
MEHTe pasMep aMIUIMKOHA cocTaBsAa 150 1.H., mo3ToMy
s cHyoKeHus KoHneHTpauuu JHK canbpMoHenn, neTex-
tupyembiM IIIIP, Heo6Xx0AMMO B CpefjHEM ORHO IOBpe-
xpeHne monekynsl JTHK Ha xaxpble 150 HYK/I€OTHIOB.
YuureiBas, 4TO pasMep reHOMa CaIbMOHEN COCTaBIIAET
OK. 4,8 MJIH. I.H., COBEPLUIEHHO OY€BUIHO, YTO IIOCIIE 06-
PaboTKM e3cpefcTBOM DKOIM KUBBIX K/IETOK OaKTepuii
BEPOATHOCTb COXPaHEHM HEIOBPEXIEHHON XPOMOCOM-
Holt JTHK ctpemurtca x Hymo.

ITomumo xpomocomuoit THK, y Gaxrepmit umernoTcsa
BHEXPOMOCOMHBbIE HOCUTENIN TeHeTHYecKoil MHdpopMa-
uuu — 1wasmuasl. OHM IPEACTABAIT CO00IT KOPOTKIE
IBYXILIE[IOYEYHbIE, Yallle KObleBble, MoneKynbl JHK, u
OOBIYHO COflepKAT TeHbl, MOBBIIIAOININE YCTONYNBOCTD
6axTepun K HeO/IarONpUATHBIM BHEUIHMM (paKTOpaM —
HanpuMmep, K aHTUOMOTUKAM, K YD-U3TydeHNI0, K HEKO-
TOPBIM Je3MH(DUIUPYOIIM CPeACTBaM, TeHbl TOKCUHO-
00pa3oBaHusA U APYIUX [eTePMMHAHT BUPYIEHTHOCTH.
[Tnasmuppl  ABIAOTCA MOOWIBHBIMU Te€HETMYeCKIMMI
37IeMEHTAaMM, OHU PEIIMIMPYIOTCA aBTOHOMHO 1 He3aBU-
cumo ot xpomocomHuoit JHK, n 6axTepranbHas KiaeTka
MOJKET Cofep>KaTh 10 HECKOIbKIX COTEH KOMIMI MIasMI-
npl. bakTepuy MOryT oOMEHMBATbCA IUTA3MUAAMU IpU
KOH'BIOTAINM, 160, IpuobpeTas TaK Ha3bIBAEMYI0 KOM-
MEeTeHTHOCTDb, CIOCOOHBI IIOIVIOMIATh IUIA3MMUIBI HEIo-
CPENCTBEHHO M3 OKPY Kalolllell cpenbl. Bymy4n Konp1eBoit
Monexkynoit JHK, mmasmMmpbl OTINYalOTCA BBICOKONM
YCTOMYMBOCTBIO BO BHELIHEN Cpefie, IO3TOMY MMEHHO C
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reduce the concentration of Salmonella DNA detectable by
PCR, on average one damage of DNA molecule per each
150 nucleotides is necessary. Taking into account that the
Salmonella genome size in about 4.8 mln b.p, it is perfectly
evident that after treatment of live bacterial cells with
disinfectant Ecocid, the probability of preserving intact
chromosomal DNA tends to zero.

Besides the chromosomal DNA, bacteria have non-
chromosomal carriers of the genetic information - plasmids.
They present two-stranded, more frequently circular DNA
molecules and usually contain genes that increase resistance
of bacteria to unfavorable external factors, for example,
antibiotics, UV radiation and several disinfectants, as
well as genes of toxin production and other determinants
of virulence. Plasmids are mobile genetic elements, they
are replicated autonomously and independently of the
chromosomal DNA and a bacterial cell can contain up to
several hundreds of plasmid copies. Bacteria can exchange
plasmids in conjugation, or acquiring so called competence
can absorb plasmids from an environment. Being a circular
DNA molecule, plasmids are distinguished by their high
resistance in an environment; thus, the highest risk of
transfer of undesirable genetic information is associated
precisely with plasmids.

To assess the impact of disinfectants on the plasmid
DNA, the methods of the genetic engineering were used;
namely, transformation of the competent E. coli cells by the
pBluescript plasmid. The pBluescript plasmid contains the
ampicillin resistance gene and the gene of B-galactosidase
in the Lac-operon; therefore, the transformed bacteria on
the medium with ampicillin in presence of the chromogenic
substrate form blue color colonies (Fig 4).

The intensity of plasmid DNA destruction by the
tested disinfectants was determined by the number of
the stained E.coli XL Blue colonies after transformation
of bacteria both by the isolated plasmids treated with the
disinfectants, and by the plasmids within the bacterial
cells during the disinfectant exposure. The results of the
bacteria transformation by the pBluescript plasmid are
presented in Fig. 5 and in Table 3.
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IJIa3MUJIaMM CBSI3aH HaMOOJIBIINIT PUCK ITepefjadyl HeXXe-
JIaTe/IbHON TeHeTU49eCKol MHpOopMaLnm.

L7151 oLileHKM BO3[eICTBIUA e3CPefiCTB Ha IVIA3MUTHYIO
IOHK ncnonpsoBammch MeTOHbI T€HETUYECKON MHXKEHe-
puM, a MMeHHO TpaHcopmanusa mwiasmugoi pBluescript
KOMIIeTeHTHbIX KeToK E.coli. Ilmasmmpma pBluescript
COEPXXUT Te€H YCTOMYMBOCTM K aMOUIWIIVNHY U TeH
B-ramakTo31aasbl, BXOAsAIIel B cocTaB Lac-omepoHa, moa-
TOMY KOJIOHIU TPaHC(HOPMUPOBAHHBIX OaKTepuil Ha cpe-
fie ¢ aMIUIVJUIMHOM B IIPUCYTCTBUY XPOMOTE€HHOTO Cy0-
cTpara mpuobpeTaroT CUHIOW OKpacKy (Puc. 4).

VHTeHcuBHOCTD paspymennsa mnasmupHon JTHK nc-
C/IefyeMbIMM Je3CpefiCTBaMM OIpele/sIach 10 KOIMIecT-
By OKpaueHHbIX KojoHwmii E.coli XL Blue mocne Tpancdop-
Manuyu 6axkTepuil Kak oOpabOTaHHBIMU [Ie3CPeNCTBAMU

Fig. 4. Positive control: E.coli XL Blue colonies after transforma-
M30/IMPOBAHHBIMU IIIa3MUAAMM, TaK U IUIA3MUTAMU,

tion with pBluescript without treatment with disinfectants.

HAXOJMBIIVMUCS B COCTaBe GAKTEPUA/NbHBIX KIETOK BO Puc. 4. Tlonoxurenbupiii Koutpons: Konounu E.coli XL Blue
BpeMs BO3JeNCTBUA e3CpefcTB. PesymbraTsl TpaHcdop- nocre TpaHcopmanuy mrasmuaoit pBluescript 6e3 o6paborku
Maruy 6aktepuit mnasmupoit pBluescript mpencTaBenst JIe3CPENCTBAMM.

Ha puc. 5. u B Ta6m1. 3.
Kak BugHO 13 TabIUIIBI, MCCIETOBaHHBIE Ie3CPeNCTBa
B Pa3/IMYHOI CTeIeHN paspymarT Iwiasmuay pBluscript
Table 3. Influence of the disinfectants on the suitability of the pBluescript plasmid for transformation of the competent cells of the
bacterium E.coli XL Blue

Ta6nmuua 3. Bousanue me3cpencrs Ha npurogHoctb JHK mmasmupsr pBluescript k TpaHcdopManiy KoMIIeTEHTHBIX KIETOK OaKTepuii
E.coli XL Blue

Tested disinfectants | Viccmenyembie mescpencrsa

Indicators | Iloxasaremn . . . Without disinfectants
gf:)aﬂ‘ || mppr ‘];léozl:;l};i l (control) | Bes
TR P A Ie3CpencTB (KOHTPOIIb)
Number of the transformed bacteria colonies after treatment of the plasmid
DNA located within the bacterial cells with the disinfectants | Komuyecrso 3 . 28 112

KONMOHMiTTpaHCPOpMUpoOBaHHBIX0aKTepuiinocneo0paboTKnAe3CcpencTBaMu
nnasmuHoii THK, naxopuBuieiics B cocraBe GakTepuanbHbIX KIETOK

Numberofthetransformedbacteriacoloniesafter treatmentoftheisolated plasmid
DNA with the disinfectants | Komomnuectso xomonmii TpancopMupoBaHHBIX 0 2 165 387
GakTepuii moce 00padOTKI ie3CpeCcTBaMI H30MMPOoBaHHOI miasmMuaHoii JTHK

The degree of a decrease in the number of the transformed bacteria, % |

CreneHb yMeHbIIIEHNsI KOTNYECTBA TPAaHCHOPMUPOBAHHBIX GaKTepHit, % 100 99,994 57,39 0

C T€HOM YCTOMYMBOCTYM K aMIUIVUIVHY, TeM CaMbIM B
Pas/IMYHON CTENEeHU HPEeIATCTBYS POCTY TpaHCHOpPMIU-
POBaHHBIX OaKTepuil Ha Cpefie C STUM AHTUOMOTUKOM.
Hecpenctso Bupomtenn Ha OCHOBe ITTyTapOBOTO a/lbfe-
rupa 1 YAC nposaBwio KpaitHe Manylo 3Q¢GeKTMBHOCTD
B otHomeHun mwasmupHoi JHK: B obpasie 6buto ot-
Me4eHO 0OJIbIIIoe KOMMYEeCTBO KOMOHMIT TPaHC(HOPMUPO-
BaHHBIX OakTtepumit. [lescpencrBo HPPI Ha ocHOBe mepe-
KIICH BOZIOPOJia B XOfe 9KCIEepPMMEHTa MHAKTUBUPOBAJIO
I1a3MKZBI B OOJIbINelT CTEIeHN, II03TOMY HabTIofaIich
eIVHIYHbIE KOTIOHMY TPaHCPOPMUPOBAHHBIX OAKTEpPUIL.
BeposTHell Bcero, HefocTaToYHasA 3¢ (HeKTUBHOCTD 3TOTO
Ie3CpefiCTBa CBA3aHA CO CIIeIM(UKOI IefICTBYUA KaTanas

Fig. 5. The results of E.coli XL Blue transformation by the
pBluescript plasmid, submitted to the exposure of Ecocid (sector 1),
HPPI (sector 2) and Viroshield (sector without number).

Puc. 5. Pesynbrats! Tpanchopmarun E.coli XL Blue rmasmupori
pBluescript, mofiBeprayTOIT BO3/IEMCTBIIO 1e3CPEACTB JKOLNT
(cexrop 1), HPPI (cexrop 2) u Bupomreny (cexrop 6e3 Homepa).
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— ¢epMeHTOB, 3aIUIIAIMNX OaKTepyaTbHbIe KIETKM OT
nepexucu Bogopopa. Karamassl MeHee Npucroco61eHsl
K MHAKTMBALMM HEOPTaHMYECKNX IepeKIcell, TAKIX KaK
nepcynbdar Kanus, BXOAINI B COCTAB Ae3CpeficTBa DKO-
up. B o6pasuax, 06paboTaHHBIX Ae3CpefcTBOM JKOLuf,
He OBIIO BBIAB/ICHO HY OJIHOI KOJIOHUY TPAaHCPOPMUPO-
BaHHBIX OaKTepuil, 1 TaKUM 00pa3oM, e3CpeficTBO JKO-
1y IpofieMOHCTpupoBano 100%-Hyio s PeKTNBHOCTD B
yHnaroxenuu mwrazmupnoit JTHK 6akrepuii.

K coxarnennto, Kpurepuy BO3ZeIICTBUA [e3CPEACTB HA
TeHeTUYeCKMIT MaTepyan GaKTepuanbHbIX WM BUPYCHBIX
IIATOTEHOB, CHEIVIPUYHBIX I MACHON IIPOMBIIITIEHHO-
CTU, JO HACTOSIIETO BPeMeH! 3aKOHOJATE/IbHO He pera-
MeHTHpYIOTCcs. TeM He MeHee, 1 0OecIedeHNs BBICOKOTO
YPOBHsI OMONIOTMYecKOi 6e30IIaCHOCTY TPORYKLMM M-
corepepabOTKN NpK Jie3MH(PEeKIMM IIPOU3BOACTBEHHOTO
000pyIoBaHNA Ha MIPEAIPUATAAX MACHON IIPOMBIIITIEHHO-
CTU I1e71eCO00PasHO MCIIO/b30BaHNME Ae3MHUIMPYIOLX
CpefCTB, MO3BOJLAIOLINX IIPENOTBPATUTh TOPU3OHTA/IbHBII
HepeHOC HeXKeTaTe/TbHOI TeHeTYeCKol MH(popManun.

BriBogbr

VccnepoBanHble [1e3CpPeCTBa HAa OCHOBE IIep-
cynbdara KamudA, MepeKUCH BOJOPOJA, INTyTapajb-
merupga n YAC crmocoOHBI CHMKATh KOHI[EHTPAIL[NIO
xpomocomuoit JHK CI. perfringens B 28-49 pas.

HescpencTBo Okouup paspyliaeT M30IMPOBAH-
HBII TeHeTH4YecKuit Matepuan Salmonella enterica u, ¢
MeHbllIell MHTeHCUBHOCTbBIO, XxpoMocoMHuylo THK, Ha-
XopAIyocsa Ipu 06paboTke BHYTpU OaKTepuanbHOI
KJIeTKI.

HescpenctBo Okonup 3¢ QPeKTMBHO YHUUTOXKAET
nnasmMugayo JTHK — xak usonuposaHHy10, TaK U Ha-
XOAAIYIOCA BO BpeMs 00paboTky BHYTpu OakTepu-
a/IbHOI KJIETKI.

[IpuMmeneHue mescpefcrBa IJKOLUI A CAaHUTAp-
HOJl 00paboTky 000pyAoOBaHMA Ha NPEANPUATUAX
MSACHOJ HPOMBIIIJIEHHOCTY CHIDKAaeT PUCK TOPU30H-
TaJIbHOTO IIepEHOCA TeHOB, TeM CaAMbIM yMeHbIIas pac-
IpOCTpaHeHNe HeXXe/laTe/IbHON reHe TU4eCcKol nHpop-
Mallii, TaKOM KaK T'eHbI aHTI/I6I/IOTI/IKOyCTOI‘/'I‘II/IBOCTI/[,
U TOKCMHOOOpa3oBaHMs OaKTepuit.
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As can be seen from the table, the tested disinfectants
destroy to a variable degree the pBluscript plasmid with the
ampicillin resistance gene; thereby, preventing to a variable
degree the growth of the transformed bacteria on the medium
with this antibiotic. Disinfectant Veroshield on the basis of
glutaraldehyde and quaternary ammonium compounds
(QAC) showed extremely low effectiveness regarding the
plasmid DNA: high numbers of colonies of the transformed
bacteria were recorded in the sample. Disinfectant HPPI
on the basis of hydrogen peroxide inactivated the plasmids
to a greater degree in this experiment; thus, the individual
colonies of the transformed bacteria were found. Most
probably, insufficient effectiveness of this disinfectant
is associated with the special characteristics of action of
catalases — the enzymes, which protect bacterial cells from
hydrogen peroxide. Catalases are less fitted to inactivation
of inorganic peroxides, such as potassium persulfate, which
is a constituent of the disinfectant Ecocid. In the samples
processed with the disinfectant Ecocid, no colonies of the
transformed bacteria were found; therefore, the disinfectant
Ecocid demonstrated 100% effectiveness in destruction of
the bacterial plasmid DNA.

Unfortunately, the criteria of an impact of disinfectants
on the genetic material of the bacterial and viral pathogens
specific for the meat industry have not been regulated by
law up to the present day. Nevertheless, it is expedient to
use disinfectants that allow prevention of the horizontal
transfer of undesired genetic information to ensure high
level of biological safety of meat products upon disinfection
of industrial equipment in enterprises of the meat industry.

Conclusion

The tested disinfectants on the basis of potassium persul-
fate, hydrogen peroxide, glutaraldehyde and quaternary am-
monium compounds (QAC) can reduce the concentration
of the chromosomal DNA of CI. perfringens 28-49 times.

The disinfectant Ecocid destroys the isolated genetic mate-
rial of Salmonella enterica and with less intensity the chromo-
somal DNA located within a bacterial cell during treatment.

The disinfectant Ecocid effectively destroys plasmid
DNA, both isolated and located within a bacterial cell
during treatment.

Use of the disinfectant Ecocid for sanitary treatment of
equipment on enterprises of the meat industry reduces the
risk of the horizontal gene transfer, thereby, reducing the
distribution of the undesirable genetic information such as
bacterial antimicrobial resistance genes.
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INFLUENCE OF THERMAL HEATING ON THE FATTY ACID
COMPOSITION OF TURKEY MEAT ENRICHED WITH LINSEED OIL

B/IIIHUE TEIUVIOBOTO HATPEBA HA JKMPHOKMC/IOTHBIN
COCTAB MACA MHOEUKU, ObOTAITEHHOTO JIbHAHBIM MAC/IOM
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Kniouespie cnosa: HUPHOKUCTIOMHDBLLL cocmas,
HUPHOKUCTIOMHAST  COANAHCUPOBAHHOCMb, Omezed-3, omeza-6
HUPHBle KUCTOMDBL, Mennosoli Hazpes, dapui u3 unoeiiku,
pacmumenvHvle Macia

Annomauus

B cmamve paccmampusaemcs npobrema onmumMu3ayuu supHo-
KUCTIOMHO020 COCMABA TUNUO08 MACA NMULDbL, WUPOKO UCHONIb3Y-
em020 6 numanuu. B cocmaee nunudos maca nmuypt cooepucarie
ome2a-6 3HA1UMenLHO Npesbllaern ome2a-3, 4mo He ONMUMAILHO
071 yc60eHUs U HyHOaemcs 6 koppekuyuu. Vccnedosara 803modxc-
HOCMb 0002aU4eHUS MACA UHOETIKU TIBHAHbLIM MACTIOM, 4O 10360~
JUz0 0becneuums 6 papuiesbx KOMIOSUUUAX C PACHUMENTbHBIMU
MACTIAMU COOMHOUIEHUE oMe2a-6: omeea-3, 00ecneuusaruiux ux
HymMpueHmHo-adekeammbviii 6ananc, He npesviuiarousuii 10 eounuy,
IIpedcmasnenvt pe3ynvmamvl UCCIE008AHUS HUPHOKUCTIOMHOZO
cocmasa u HUPHOKUCTOMHOL COANAHCUPOBAHHOCU TUNUOHOU
uacmu apuieil U3 MACA, A MAKHKe UX USMEHEHUS 6 pe3ynvmanie
Men06020 HAZPEBA MACHLIX KOMNO3UYULL 6 600HOIL cpede ¢ meMm-
nepamypoii 95+2 °C do memnepamypui 8 npooykme 70x1 °C. ITo
0aHHbIM UCCTIE008AHULL OMe2a-6:0Me2a-3 6 Papuiesbix KOMNO3ULU-
SIX 00 Men0680tLi 06pabomKL 3o OmHoUuleHUe COCMAsuUno om 6,5
00 7,7 eQuHuUY, no cpasHenuro ¢ konmponem (42 edunuywl); nocne
mennosoti obpabomku - om 6,5 00 8,0 eduHuY, 01 KOMNO3ULULL
dapuietl, 6KIOUAUUX PACUMENbHbIE MACTIA 6 COYeMAHUU C
JIOHAHBIM MACTIOM.

JlanHvle 10 HUPHOKUCTOMHOMY COCIABY KOMNO3UUULL CO2na-
CYIOMCST €O 3HAYEHUSMU NoKa3amerneli JHUPHOKUCTOMHOU cOa-
naucuposannocmu, cocmasnsrouwumu RLI...3=0,47 - 0,57 u
RLI...6 = 0,32 - 0,37 edunuy, 0ns o60eauseHHbIX papuieil 00 me-
nnosoti 06pabomxu u 0,48 - 0,57 u 0,31 - 0,38 edunuy, nocrne me-
17108011 06pabOMKU COOMBEMCIBEHHO, U NOOMBEPHOAIOM B03-
MONHOCHD 0002AULHUS TVHAHLIM MACTIOM peuenmyp gapuset
npu npouszsodcmee gpurxadesnex u mozym vl pacnpocmpareo
Ha Opyeue 8UObL NPOOYKMOB.

BBepenue

Hacpiennsie sxupubie kucmotsl (HXKK), monoHeHa-
coiieHHple (MHJ)KK) u monmHeHachlllleHHbIE SKMPHBIE
kucnorsl (ITHXKK) sABnA0OTCA OCHOBHBIMU CTPYKTYPHBI-
MU ¥ QYHKIVOHAJIbHBIMY KOMIIOHEHTaMIU KJIETOYHBIX
meM6pan. I[TH)KK o4eHb BayKHBI 11 ONITYMAIBHOTO pas-
BUTVA ¥ PYHKIVIOHVPOBAHUA OpraHa 3peHMs ¥ HepPBHOII
cucremsl [1].

OcobeHHOE BHUMaHVE B PaIVIOHe JIIOfieil CIIeyeT yae-
naTh HesameHUMbIM [THJKK, xoTopble He cCMHTe3UMpPYyIOTCA
OpraHM3MOM >KVMBOTHBIX 1 4e/IOBEKa ¥ IIOTy4YaloTCs TOTTbKO
¢ mument. K HuM oTHOCATCA MuHONeBas Kuciora (oMmera-6)
n anbda-muHONMeHoBass Kucmora (omera-3). JInHoMeBast
(JIK, C 18:2 omera-6) u anbda-nnuonenosas (AJIK, C 18:3
oMera-3) KUCTOTBI IAI0T HA4yaao OOMbIION Cepuu pasHo-
00pa3HBbIX 9IKO3aHONUIOB — TOPMOHOIOOOHBIX BEIIeCTB,
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Abstract

The paper examines the problem of optimization of the fatty
acid composition of lipids in poultry meat, which is widely used
in nutrition. The omega-6 content is significantly higher than
the omega-3 content in the composition of poultry meat lipids,
which is not optimal for assimilation and needs a correction.
The possibility of turkey meat enrichment with linseed oil was
investigated with the aim of ensuring the omega-6 to omega-3
ratio in the minced meat formulations, which provides for the
nutritionally adequate balance not higher than 10 units. The
paper also presents the results of the investigation of the fatty
acids composition and fatty acid balance of the lipid fraction of
minced meat as well as the changes due to thermal heating of
meat formulations in the water medium with a temperature of
95+2 °C to a product core temperature of 70x1 °C. According
to the data of the investigations, the omega-6:omega-3 ratio
in the minced meat formulations before thermal treatment
was 6.5 to 7.7 units compared to the control (42 units); after
thermal treatment, it was 6.5 to 8.0 units for the minced meat
formulations, which included vegetable oils with linseed oil.
The data on the fatty acid composition of the formulations
correspond to the indicators of the fatty acid balance which was
RLI...3=0.47 - 0.57 and RLI...6 = 0.32 - 0.37 units for enriched
minced meat before thermal treatment and 0.48 - 0.57 and
0.31 - 0.38 units after thermal treatment, respectively. The results
confirm the possibility to enrich minced meat formulations with
linseed oil when producing meat balls, which can be extended to
other types of products.

Introduction

Saturated fatty acids (SFAs), monounsaturated fatty ac-
ids (MUFAs) and polyunsaturated fatty acids (PUFAs) are
the main structural and functional components of cellu-
lar membranes. PUFAs are very important for the optimal
development and function of the organs of vision and the
nerve system [1].

Special attention should be paid to the essential poly-
unsaturated fatty acids (PUFAs), which are not synthesized
by an organism of animals and humans, and are supplied
by the diet. They include linoleic acid (omega-6) and al-
pha-linolenic acid (omega-3). Linoleic acid (LA, C 18:2
omega-6) and alpha-linolenic acid (ALA, C 18:3 omega-3)
are the precursors of a wide range of different eicosanoids
— hormone-like substances that facilitate preservation and
maintenance of the structural and functional integrity
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CIIOCOOCTBYIONINX COXPAHEHNIO 1 IO PXKAHIIO CTPYKTYP-
HO1 U (PyHKIIVIOHATBHOIA LIeTIOCTHOCTY KJIETOK U KJIETOYHBIX
KOMIIOHEHTOB |2, 3]. IlonHeHachbIIeHHbIe )KMPHBIE KUCTIO-
to1 (ITHJKK) cemeitcTB omera-3 u oMera-6 SABIAIOTCS HEOO-
XOIVIMBIMI KOMIIOHEHTaMI IIVIY /IS BCeX MO3BOHOYHBIX
OpraHu3MOB. VIX Ha/mr4ye 1, IITaBHBIM 06pa3oM, COOTHOIIIe-
HIfe, OTPEE/SIOT COCTOsIHIE JINIIMIHOTO OOMeHa, CTelleHb
IPeIPacIONIOKEHHOCTY K CepHeYHO-COCYIUCTBIM 3a0o0rte-
BaHMAM, HAapyLIEHNAM HEPBHOI U 3pUTEIbHOI (YHKLNIA,
Q/UIepIUYecKuM 3a00/IeBaHMAM, Pa3BUTHIO BOCIIAINTENb-
HBIX IpOlLeccoB [2, 4,5, 6,7]. Ha rennom yposne ITHXKK
CeMeNicTBa OMera-3 1 OMera-6 KOHTPOIMPYIOT T€HHYI0 SKC-
IPecCHIo B pas/IMYHbIX opraHax [8, 9] u Tkansax [10, 11, 12].
Bornblras 4acTb 3TMX OMera-6 1 oMera-3 K/C/IOT, ITOCTYIINB-
myx ¢ mument (50-70%), pacxopgyeTcs Ha SHepreTudecKue
HYXKZIbl dernoBeka 13,14]. JInmib He6ombIIAA YacTh MOCTY-
naromyx ¢ nuineli HesameHnMbIx [THJKK npespamaerca B
JIOKO3areKCaeHOBYIO U 91IKO3areKCaeHOBYIO KMUCIOTHI [1, 15],
SIBJIAIOLINECS] OCHOBHBIMU KUC/IOTaMI B KJIETOYHBIX MeM-
OpaHax ceTYaTKM IIa3a U MpeflIeCTBeHHIKAMM JIOKaIbHBIX
TOPMOHOB K/IETOYHOI pery/sny, OKa3bIBAIOIIVX B/IVISTHIE
Ha TIPOLeCChl BOCIAJIEHVS], PEry/IALNI0 KPOBOTOKA, JOHA-
HBaHue bepeMeHHOCTH 1 T.1. [16].

B cooTBeTCTBUM C METOOMYECKUMY PEeKOMEeHIALAMU
MP 2.3.1.2432-08 HOpMa TOTpebneHNs oMera-6 >KUpPHBIX
KICIOT JO/DKHA COCTAaBIIATh 5-8% OT Ka/JIOpMITHOCTH Cy-
TOYHOTO paljioHa, oMera-3—1-2%, T.e. peKOMeHIyeMoe CO-
OTHOIIIEHNE OMera-6: oMera-3 I0/KHO OBITH 5:1, a y /mroieit,
CTPaJAONINX CEPAEYHO — COCYAMUCTHIMU 3a00IeBaHMAMI,
OIITMMAJIBHOE COOTHOIIIEHNE OoMera-6: oMmera-3 2:1-3:1 [15].

Pexomenpyemoe cyrounoe norpebnenne ITHXK amsa
CHIVDKEHUSA PUCKA Pa3BUTHSA CEPIeYHO-COCYAUCTBIX 3a00-
JeBaHUIT JO/KHO cocTabnaTh 500-1000 mr [17, 18, 19, 20].

B pamuoHe cOBpeMeHHOT0 4eJI0BEKa MINPOKO UCIIONb-
3yeTcs MCO ITULBL. JKMPHOKICIOTHBIN COCTAB JININIO0B
M#ICa UBIIUIAT U VHAEVKN NIpeAcTaBieH B Tab. 1. JIunuyer
msica ituipl 6oratsl ITHXKK, ograko oHu copepsxar mpe-
UMYIIECTBEHHO OMera-6 >XMpHbIe KUCIOTBI, OTHOILIEHNE
oMera-6:omera-3 Benuko (12 equHuI| — I/ IUIAIOB MsCa
LBIIUIAT U 25 — /I TMIU0B MACA MHJENKM), IO CpaBHe-
HUIO C peKOMeHiyeMbIM (He 6oree 10).

Kpome Toro, mpy mpoMBbIIIIEHHOM IIPOM3BOACTBE 110~
ny¢abpuKaToB, KOMOACHO-KY/INHAPHBIX U3JENINIl U KOH-
CepBOB B UX peLeNTypax YacTO JCIIOIb3YIOTCS [OINOJI-
HUTEJbHO CIMBOYHOE M PacTUTE/IbHBIE Mac/a, KOTOpbIE
6oratbl oMera-6 >XMPHBIMM KUCTIOoTaMu. B pesynbrare mo-
CTYIUIEHUE OMera-6 3HauNTeIbHO IIPEeBbBIIIaeT OMera-3, 1
He COOMIONAI0TCA VX PeKOMEeH/[yeMble COOTHOLIEHNA.

B cBs13U € 3TMM CTAaHOBUTCSI OUEBUIHBIM Ile/Ieco06pas-
HOCTb OOOTalieHus HpPOAYKTOB MCTOYHMKAMM OMera-3
JKUPHBIX KVUCTIOT.

Ilenp paboThl: VI3yunTh BAMsIHME TEIIOBOI 06paboT-
ki (67aHIIMPOBaHUs) HA U3MEHeHUe >KMPHOKMCIOTHO-
TO COCTaBa JIMIMAHON YacTy papireit u3 Msaca UHACTIKM,
BK/IIOYAIOIIVIX PAaCTUTE/IbHbIE Macla ¥ O00OraleHHBIX
JIbHSHBIM MaC/IOM.

OO0'BEKTHI I METOMBI MICCTIETOBAHILA

O6bekTaMy  MCCTIENOBaHMUA CIY>KUIN  MOJE/IbHbIE
KoMmmosuuyy Qapiuert U3 Msaca MHOEHKY C BKIOYEHNEM
PacTUTENbHBIX Maces (IIOICOTHEYHOTO MU KYKYPY3HOTO,
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of cells and cellular components [2, 3]. Polyunsaturated
fatty acids (PUFAs) of the omega-3 and omega-6 families
are the necessary components of food for all vertebrates.
Their presence and, mainly, the ratio, determine the lipid
metabolism status, the degree of predisposition to cardio-
vascular disease, disorders of the visual and nervous func-
tion, allergic diseases, development of inflammatory pro-
cesses [2, 4,5, 6,7]. At the genetic level, polyunsaturated
fatty acids (PUFAs) of the omega-3 and omega-6 families
control gene expression in different organs [8, 9] and tis-
sues [10, 11, 12]. The majority of these omega-6 and ome-
ga-3 fatty acids supplied by the diet (50-70%) are spent on
the energy needs of humans [13, 14]. Only a small part of
polyunsaturated fatty acids (PUFAs) supplied by the diet is
transformed into docosahexaenoic acid and eicosahexae-
noic acid [1, 15], which are the main acids in the cellular
membranes of the retina of the eye and the precursors of
the local hormones of the cellular regulation that influence
the processes of inflammation, regulation of the blood cir-
culation, full-term pregnancy, etc. [16].

According to the methodical recommendations
MR 2.3.1.2432-08, the norm of consumption for omega-6
fatty acids should be 5-8% of the caloricity of a daily diet, for
omega-3 1-2%; that is, the recommended omega-6: ome-
ga-3 ratio should be 5:1, and for people suffered from car-
diovascular disease, the optimal omega-6: omega-3 ratio is
to be 2:1 - 3:1 [15].

The recommended daily intake of PUFAs for reducing
the risk of development of cardiovascular disease should
be 500-1000 mg [17, 18, 19, 20].

Poultry meat is widely used in the diet of modern hu-
mans. The fatty acid composition of lipids in turkey meat
is presented in Table 1.

Lipids of poultry meat are rich in PUFAs; however, they
contain mainly omega-6 fatty acids. The omega-6: omega-3
ratio is high (12 units for lipids in chicken and 25 for lipids
in turkey) compared to the recommended ratio (not more
than 10). Moreover, vegetable oils and butter, which are
rich in omega-6 fatty acids, are used additionally in the in-
dustrial production of semi-prepared products, sausages,
culinary products and canned food. As a result, the intake
of omega-6 is significantly higher than that of omega-3,
and the recommended ratios are not adhered to.

In this connection, the expediency of product enrich-
ment with the sources of omega-3 fatty acids becomes
obvious.

The aim of the work: To study the influence of thermal
treatment (blanching) on changes in the fatty acid com-
position of the lipid fraction of minced turkey meat with
inclusion of vegetable oils and enriched with linseed oil.

Materials and methods:

The subjects of the research were the model formula-
tions of minced turkey meat with inclusion of vegetable
oils (sunflower, corn, olive or soya) or butter and enriched
with linseed oil ensuring the omega-3:omega-6 ratio of
7.1+0.6 units.

Minced meat formulations included the basic (control)
ratio of the components (81.6% of turkey meat; 3.0% of
starch; 0.2% of table salt; water) and differed in the content
of vegetable oils and butter: sunflower and linseed (for-



THEORY AND PRACTICE OF MEAT PROCESSING N1 | 2016

WIN ONIMBKOBOTO, WIM COEBOTO) VUIM CIMBOYHOTO Macia,
o0oraileHHbIX JbHAHBIM MacaoM, o0ecredynBaromne co-
OTHOIIIeHNs oMmera-6:0Mera-3 7,1+0,6 emurHumII.

Kommosunum ¢apureit Bkmodanmu 6a3oBoe COOTHO-
IIeH)e KOMIOHEHTOB (KOHTPO/b) %: MACO uHpeikn 81,6;
Kpaxman 3,0; conb nmosapenHas 0,2; Bojga M OTINYAINCDh
cofiep>KaHMEM PacTUTENIbHBIX ¥ CIMBOYHOTO Macesl: MOf-
COJIHEYHOTO U JIBHAHOTO (KOMHO3MLMY 2); OTMBKOBOTO
U JIBHAHOTO (KOMITO3UIIVA 3); COEBOTO U JIBHAHOTO (KOM-
no3unysA 4); KyKypy3HOTO U JTbHAHOTO (KOMITO3UINA 5);
CIMBOYHOTO U JIbHAHOTO (Kommosuius 6) (ta6b. 1).

IIpn cocraBneHMy KOMIIO3UIIUIL MICHO/Ib30BAIM PacTH-
Te/IbHbIE Mac/Ia IePBOTO OT>KMMA, BRIPAOOTaHHbIE HA OTeYe-
CTBEHHBIX NPENIPUATUAX (KpOMe ONMBKOBOIO — MMIIOPT-
HOTO IIPOU3BOJICTBA), KOTOPbIe BBOAVINCD B (papIll MHAEIKN
Ha CTaJyM €TO IepeMellBaHNA C JPYTYMI KOMIOHEHTaMI
PpenenTypal JO MOMy4eHNA OFHOPOLHON CTPYKTYPBIL.

J1 M3ydeHus KMPHOKIUCIOTHOTO COCTaBa MCIONb30Ba-
M MAICO CaMOK MHJIeeK B BO3pacTe 6 MecsALeB U MACO CaMOK
LBIIAT-OpOiIepoB B Bo3pacTe 42 CyT. YC/IOBUSA COfiepKa-
HUA ¥ KOPMJIEHVA NITUIIBI B COOTBETCTBUM C MeTomdeckn-
MM peKOMeH/AIAMY 10 oTKopMy ntyiel (BHVTHII).

Il mccnenoBaHus BAMSHMA TEIUIOBOM 06pabOTKM
¢dapum popmoBanu B Busie ppuKkazenek u OIaHIIMPOBaA-
M B BOJie ¢ TeMIiepaTypoii 95+2 °C 10 JOCTVDKEHUA TeM-
neparypsl BHyTpu npogykra 701 °C.

Omnpepnenenne >KMPHOKUCTIOTHOTO COCTaBa IPOBOAMIN B
0060TalleHHBIX CBIPBIX U OMIAHIIMPOBAHHBIX KOMIOSUIVISX,
KOHTPOJIEM CITY>XIWT (papIll 13 KyCKOBOTO MsICA MHJETIKIA.

Mertop omnpefnenenns XMPHOKUCIOTHOTO COCTaBa

OKCTpaKLUIO IUINAOB U3 CpefHeil MpoObl, CMeIlaH-
HOJI ¢ 0e3BOJHBIM CEPHOKMCTIBIM HATpueM, IpPOBOAVIIN
x1opopopmom. IlomydeHne MeTHIOBBIX 3QUPOB KUp-
HbIX KUCIOT: 40-50 MI' 3KCTparMpoOBaHHbBIX JUIIAJOB U
1-2 mr antnokncmurensa BHT momemann B mpobupky c
3aBMHYMBAIOIEIICSA KPBILIKON, pacTBOPs/IN B 1 cM’ rekca-
Ha, go6asmsu 5 cm® pactBopa HCl B MeTanone KoHIeH-
Tpalueil 3 MO/Ib/IM’, IJIOTHO 3aKpBIBaIM Te(IOHOBOII
KPBIIIKOM ¥ BbIJjepXuBanyu B TepMocrare 80 MMH IIpu
temnepatype 60 °C c nepuon4ecknm nepeMeIiBaHmueM.
ITocne oxmakgeHMsA METaHOIbHBIN PacTBOP CMENIMBAaJIN

Table 1. Fatty acid composition of lipids in chicken and turkey meat
Ta6muua 1. Kommosuuun ¢apieit u3 Msaca nHAeNKn

mulation 2); olive and linseed (formulation 3); soya and
linseed (formulation 4); corn and linseed (formulation 5);
butter and linseed (formulation 6) (Table 2).

When developing formulations, virgin vegetable oils
from national manufacturers (except imported olive oil)
were used. Vegetable oils were introduced into the minced
turkey meat at the stage of its mixing with the other recipe
components until obtaining a homogenous structure.

To study the fatty acid composition, meat of female
turkeys at the age of 6 months and meat of female broiler
chickens at the age of 42 days was used. The conditions
of poultry keeping and feeding corresponded to the Me-
thodical Recommendations on Poultry Feeding (VNITIP).

To study an effect of thermal treatment, minced meat
was formed in meat balls and blanched in water with a
temperature of 95+2 °C until reaching a product core tem-
perature of 70£1 °C.

The fatty acid composition was determined in the en-
riched raw and blanched formulations; minced meat from
turkey meat in pieces served as a control.

Method for determination of fatty acid composition:

Lipids from an average sample mixed with anhydrous
sodium sulfate were extracted with chloroform.

Preparation of methyl esters of fatty acids: 40-50 mg
of extracted lipids and 1-2 mg of antioxidant BHT were
placed in a screw capped tube, 1 cm? of hexane was dis-
solved, 5 cm? of the HCl solution in methanol with a con-
centration of 3 mol/dm?® was added, a tube was closed
firmly with a Teflon lid and held in a thermostat at a tem-
perature of 60 °C for 80 min. with repetitive stirring. After
cooling, the methanol solution was mixed approximately
with 10 cm?® of the 10% aqueous solution of sodium chlo-
ride, the methyl esters were extracted with hexane (the to-
tal volume of hexane was 8-10 cm®) and the obtained hex-
ane solution of methyl esters was analyzed by gas-liquid
chromatography using the gas chromatograph Cristall-
2000M with a flame ionization detector and the capillary
column Supelco Omegawax 320 (length: 30 m, internal
diameter: 0.32 mm, liquid phase thickness: 0.25 um). The
conditions of chromatography: carrier gas - nitrogen;
sample injection (1 mm?) with split ratio of 40:1; vaporizer

Content of components, % | CogepxaHue KOMIOHEHTOB, %

Raw material | in the formulations with oils | B koMmosuumsx ¢ Macmamu
Hanmenosanite coipb control | 5 sunflower | olive | corn | butter |

S nojconHeynsM | omuBkoBbiM | SO0 | coepn KYKYPY3HBIM | CIMBOYHBIM
Turkey meat | Msico unpeitku 81.60 81.60 81.60 81.60 81.60 81.60
Starch | Kpaxman 3.00 3.00 3.00 3.00 3.00 3.0
Table salt | Conb noBapennas 0.20 0.20 0.20 0.20 0.20 0.20
Water | Boga 15.20 11.70 11.70 11.70 11.70 11.70
0il: Macro:
linseed | npHsAHOE - 1.25 0.98 0.90 1.18 0.92
sunflower | mogconneynoe - 2.25 - - - -
olive | omuBKOBOE - - 2.52 - - -
soya | coeBoe - - - 2.60 - -
corn | KyKypysHoe - - - - 2.32 -
butter | ciuBounoe - - - - - 2.58
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Table 2. Formulations of minced turkey meat

Ta6muua 2. JKupHOKMCTOTHBII COCTaB TUIUOB MsCa IBIIUIAT M MHAEIKN

) Code of fatty Mass fraction of fatty acids, % of the sum of fatty acids |
Fatty acid | acid | Kop, | MaccoBast o/st )KUPHBIX KUCTIOT, % OT CyMMBI KUPHBIX KHCTOT
HanmenoBanue >XMPHbBIX KUCTOT ; .
KIICTOTBI Chicken | [[pimisTa Turkey | Unpeiika
Saturated: | HacpimeHnsie: 32,53+0.36 27.34+0.36
Decanoic | [lekanoBas 10:0 Traces | Crepp1 Traces | Crepp
dodecanoic (lauric ) | Jomexanosas (maypunoBas) 12:0 32.5310.36 27.34+0.30
Tridecanoic | TpupexanoBas 13:0 0.03+0.01 0.03+0.01
%etradecanmc (myristic) | 14:0 0.05+0.02 )
eTpaekaHoBas (MUPUCTHHOBAS)
Pentadecanoic | [lentagekanoBas 15:0 1.53+0.05 0.47+0.04
Isohexadecanoic | MisorexcanoBas 16:0 iso 0.14+0.01 0.09+0.01
Hexadecanoic (palmitic ) | TekcanoBas (mansMuTiHOBast) 16:0 0.03+0.01 -
Heptadecanoic (margaric) | 17:0 24.99+0.27 21.71+0.24
TenrrajiekanoBast (MaprapuHoBas)
Octadecanoic (stearic ) | OxragexaHoBas (creapuHoBas) 18:0 0.42+0.04 0.12+0.01
Monounsaturated: | MoHOHeHacbIl[eHHbIE: 5.34+0.06 4.92+0.05
s e rpamts (il ) | 14:1 50.91+0.56 36.27+0.40
TerpapgeneHoBas (MMpHCTOTEMHOBAS)
Hexadecenoic (palmitoleic) | 16:1 0.39+0.03 0.15+0.01
TexcaenenoBas (I1aIbMUTOIEMHOBASA)
Heptadecenoic | TentagenenoBas 17:1 9.56+0.11 5.55+0.06
Octadecenoic (oleic) | OkTagenenoBas (onenHoBas) 18:1 0.33+0.03 0.08+0.01
Eicosenoic (gadoleic) | ditkoseHoBas (ragonenHoBas) 20:1 40.03+0.44 30.22+0.33
Polyunsaturated: | llomnHeHacbIeHHbIE 0.6+0.05 0.27+0.02
Octadecadienoic (linoleic) | 18:2n6 16.56+0.18 35.22+0.39
OKTajgeKagueHoBas (IMHoIeBast) 18:2n3
Octadecatrienoic (alpha-linolenic ) | 18:3n3 15.94+0.18 34.15+0.38
OkrajiekarpueHoBasi (a-TMHOTEHOBAs) : 0.39+0.03 0.08+0.01
Elucosatetraenmc (arachidonic) | 20:4n6 0.16+0.01 0.7+0.06
JiiKo3aTreTpaeHoOBas (ApaxMIOHOBAs)

¢ npumepHo 10 cm® 10%-HOTO BOJHOTO pacTBOpa XIOpHUia
HATpMs, SKCTPArMpOBAIM METWUIOBbIe 3(UPbI FeKCAHOM
(o6mmit 06beM rexcaHa 8-10 cM?) M HONTYYEHHBIIT TeKca-
HOBBIJI PAacTBOP METW/IOBBIX 3(MPOB aHAIU3NPOBAIN
METOJOM Ta3OKMAKOCTHOM XpoMmarorpaum ¢ VCIONb-
30BaHMeM rasoBoro xpomarorpada Kpucramn-2000M
C IUTAMEHHO-VIOHM3ALJVOHHBIM JHEeTeKTOPOM I Kamw-
nspHON KomoHkoit Supelco Omegawax 320 (mmHa 30 M,
BHyTpeHHUi guaMeTp 0,32 MM, TONIIVHA >XUAKON (asbl
0,25 MmkM). YcrnoBust xpomaTtorpadupoBaHus: ra3-HOCHU-
Telb a30T; BBOA MpobbI (1 MM*) ¢ menennem motoka 1:40;
TemnepaTypa mcnapurens 250 °C; Temmeparypa TepMo-
crara kKonoHkn 200 °C (aHam3 mpob co CIMBOYHBIM Ma-
CJIOM IIPOBOAWICS B PeXXUMe IIPOrpaMMIPOBAHMsI TeMIIe-
parypsl komoHKM oT 120 10 200 °C). s kaxkgoro obpasia
IPOBOAMICA aHA/IN3 TPeX UAGHTUYHBIX Ipob. ObpaboTka
Ppes3y/IbTaTOB aHa/MN3a: NAeHTU(UKALVA IMKOB Ha XpOMa-
TOIpaMMax IIPOBOAIMIACDH C IIOMOIIbIO NHAIEKCOB YACPXKU-
BaHns KoBada, a Taxoke cpaBHEHUEM C XpOMAaTOIPaMMOI
CTaHJAPTHOI CMeCU METMIOBBIX 3(UPOB >KUPHBIX KIC-
not PUFA-2 (Supelco) n ¢ xpomaTorpaMmamu >XMpOB 1
Macesl C XOpOLIO M3BECTHBIM >KMPHOKMC/IOTHBIM COCTa-
BOM. MaccoBYI0 JOMI0 MHAVBUAYAIbHBIX )KUPHBIX KICTIOT
PacCUUTHIBAIM OTHOCUTEIBHO CYMMAapHOTO COfiepyKaHNA
BCeX XKMPHBIX KMC/IOT KaK OTHOLICHNe IO IV MIMKa Me-
TWIOBOTO 3¢upa XVPHON KUCIOTHL K CyMMe IUIOLIajeit
BCeX MMKOB Ha XpOMATOrpaMMe C Y4eTOM IIOIIPAaBOYHbBIX
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temperature — 250 °C; column thermostat temperature -
200 °C (an analysis of the samples with butter was carried
out in the regime of column temperature programming
from 120 to 200 °C). For each sample, an analysis of three
identical specimens was carried out.

Processing of the analysis results: identification of the
peaks on the chromatograms was carried out using Kovats
retention indices and by comparing with the standard
mixture of methyl esters of fatty acids PUFA-2 (Supelco)
and the chromatograms of fats and oils with well-known
fatty acid compositions. The mass fraction of the individ-
ual fatty acids was calculated relative to the total content
of all fatty acids as the ratio of the peak area of a fatty acid
methyl ester to the sum of areas of all peaks on the chro-
matogram taking into consideration the correction factors
for the differences in the molecular masses of methyl esters
and fatty acids (when processing the data for the samples
with butter, the factors were also used for the detector re-
sponse for fatty acids with the chain length of less than 12
carbon atoms).

For each sample, an analysis of three identical speci-
mens was carried out and the mean values and confi-
dence limits of random measurement errors (the value of
confidence probability 0.95) were calculated according to
ISO 2602:1980 ‘Statistical interpretation of test results -
Estimation of the mean - Confidence interval’
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K09 PUINMEHTOB Ha pas3jnyue MOIEKY/IAPHBIX MacC Me-
TUIOBBIX 9QUPOB M >XUPHBIX KUCIOT (Ipu 06paboTke
[aHHBIX 110 0OpasIaM C CIMBOYHBIM MAC/IOM UCIIOIb30Ba-
JIMCh TaK)Ke TIONPaBKY Ha OTKIIUK JIeTEKTOPa /15 >KUPHBIX
KICJIOT C IIVHOJ Ilen MeHee 12 aTOMOB yI/Iepozia).

Ilna kaxgoro obpasija IPOBOAWICSA aHAINU3 Tpex
UIEHTUYHBIX TPOO U BBIYKCIISIUCH CpeHIe 3HAYEHUsT U
JIOBEpPUTE/IbHbIE TPAHMIIBI C/TyYaifHOI MOTPELTHOCTU U3-
MepeHnit (ypoBeHb HOBEpUTeIbHON BepoATHOCTH 0,95)
mo ISO 2602:1980 ‘Statistical interpretation of test results
- Estimation of the mean - Confidence interval’

C6amaHCHPOBAHHOCTD >KUPHOKVCIIOTHOTO COCTaBa MO
mertony JIumarosa H.H., onpenensamm no popmymam:

KoadduimeHT XMpHOKMCIOTHOI cHamaHCUPOBAHHO-

ctu, RL, gor. en.:
1
6 6
R, = Hdu
i=1

rpe L- MmaccoBast 0N i-OM JKUPHOM KUCTIOTHL B
npopykre, /100 r xupa;

Lai MaccoBadg [JONnA 1-OM OKUPHOM  KUCJIOTHI,
COOTBeTCTByMOIass  (puamonormveck  HeoOXORMMOII

HopMe (3Tanony), /100 r >xupa;

L

-1

L,

L

opu L, <L . d, =—-; L 2L, d,

21’ 91’

i 3

Pe3ynbrarsl u ux 06cyKaeHMe

JKupnoxkucnorHsit coctas u copepxanne INTHKK B
MfCe IITUIBI M VICHO/NIb3YeMbIX PaCTUTENbHBIX M CIMBOY-
HOM Mac/aX, a TakKe (aplIeBbIX KOMIIOSULMAX Ipef-
CTaBJIeHHI B Ta61I. 2, 3, 4, 5.

[Tory4yeHHBIe HAMU JAHHBIE IO COfEP>KAHNMIO OMera-3
U oMeTa-6 XXVMPHBIX KIC/IOT B MsACE IITUIBI M PaCTUTENb-
HBIX Mac/IaX CBUJETeIbCTBYIOT O BBICOKOM COZEpPKaHNMI
oMera-3 B JIbHAHOM ¥ CO€BOM MacC/laX II0 CPaBHEHUIO C
LPYTYMU BUJJaMU CBIPbs (TAO. 4).

YCTaHOB/IEHO, YTO IIPYM VCIONb30BAaHUM B COCTaBe
MSCHBIX KOMIIO3UIIMII C MSACOM LBIIUIAT-OPOIIepOB B
Ka4ecTBe >KMPOBOrO KOMIIOHEHTa 2,6% coeBOro Macia
COOTHOIIEHNE OMera-6/oMera-3 CABUTaeTCsi B CTOPOHY
OINITMMAJIBHOTO, JOCTNUIasA 3Ha4eHMsA 6 emmuum. IIpm mc-
HO/Tb3YeMBIX JPYTVX BUIOB PACTUTENIbHBIX Macel B code-
TaHUY C MACOM ITHUILBI (LBIIUIAT-OPOIIIEPOB U MHEIIKN)
HeOoOXO0MMO BBeJleHMe TbHAHOro Macia [21, 22].

WsBectHo, uto ITHYKK B mporjecce TennoBoit 06paboT-
KNI TIpeTepIieBaloT usMeHeHys [23]. B cBA3m ¢ atM Hamn
U3y4YeH >KVPHOKMCIOTHBI COCTaB Pa3pabOTaHHBIX KOM-
HO3ULIMI ¥ MCC/IEfOBAHO BJIMsHVE TEIIOBOI 00paboTKM
(6maHImMpOBaHMA) Ha ero u3MeHeH1e. KOHTpomeM cy>xun
dapi u3 msca uHAeKU 6e3 BBeIEHMs JIbHSIHOTO Maciia.
Pesy/bTaThl MCCIEOBAHNI IPECTAaB/IeHBI B TAOI. 5, puc. 1.

AHanma O>KMPHOKMCIIOTHOV cOalaHCUPOBAaHHOCTU
oboraileHHbIX Qapuieil 0 U IOCIe TeIIoBoi obpa-
OOTKM CBUJETENbCTBYeT, YTO BO BCeX KOMIIO3UIMAX
OTHOUIEHME OMera-6:0Mera-3 HECKOIbKO IOBBIIIAETCA
(puc. 1). B oboramenHpix ¢apuiax mo TemIoBoi obpa-
60TKI 3TO OTHOILIEHME COCTaBUIIO OT 6,5 0 7,7 eNUHNLI,
B TO BpeMA KaK B KOHTPOJIE OHO COCTAB/AET 42 e[IVIHUIIBL.
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Balance of the fatty acid composition was determined
by the equations according to the method of Lipatov N.N:
The coefficient of fatty acid balance, RL, submultiple

units:
1
6 6
RL = (H du]
i=1

where L- mass fraction of i fatty acid in a product,
g/100 g of fat;

L, - mass fraction of i fatty acid corresponding to the
phy51010g1cally necessary norm (reference), g/100 g of fat;

-1
RIS e

a1’

whenL <L d,,

21!
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Results and discussion

Fatty acid composition and PUFA content in poultry
meat, used vegetable oils and butter, as well as the minced
meat formulations are presented in Tables 2, 3, 4, 5.

The data obtained by us on the content of omega-3 and
omega-6 fatty acids in poultry meat and vegetable oils in-
dicate the high content of omega-3 in linseed and soya oils
compared to other types of raw material (Table 4).

It was established that upon using 2.6% of soya oil as a
fat component in the meat formulations containing chick-
en, the omega-6/omega-3 ratio is shifted towards the op-
timal value achieving 6 units. When using other types of
vegetable oils in combination with poultry meat (broiler
chickens and turkey), it is necessary to incorporate linseed
oil [21, 22].

It is well known that PUFAs undergo changes during
thermal treatment [23]. In this connection, we studied the
fatty acid composition of the developed formulations and
an effect of thermal treatment (blanching) on its changes.
Minced turkey meat without addition of linseed oil served
as a control. The results of the investigations are presented
in Table 5, Fig. 1.

An analysis of the fatty acid balance of the enriched
minced meat before and after thermal treatment sug-
gests that the omega 6:omega 3 ratio slightly increased
in all formulations (Fig. 1). In the enriched minced meat
before thermal treatment, this ratio was 6.5 to 7.7 units;
while in the control it was 42 units. The omega 6:omega
3 ratio after thermal treatment was 6.5 to 8.0 units for
minced meat formulations that included vegetable oils in
combination with linseed oil. In the formulation with a
combination of butter and linseed oil, this ratio increased
significantly and was 9.2 units, which suggests significant
changes in the fatty acid composition compared to the
others. In the control, this ratio in minced turkey meat
after thermal treatment was 44 units.

An analysis of the results of the conducted investiga-
tions showed that all formulations had the high content
of PUFAs (Table 6). This corresponds to the indicators of
the fatty acid balance, which were RL1...3=0.47 - 0.57 and
RLI...6 = 0.32 - 0.37 units for the enriched minced meat
before thermal treatment and 0.48 - 0.57 and 0.31 - 0.38
units after thermal treatment, respectively (Table 7).
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Table 3. Fatty acid composition of oils being constituents of the products under investigation
Ta6muua 3. JKupHOKMCTOTHBIIT COCTaB MaceT, BXOAAIINX B COCTaB MCCTEAyeMbIX IPOTYKTOB

F . it o.f Linseed S}lnﬂower Olive oil Soyaoil | Sunflower Butter
atty acid | et | macmo oil | macro | macmo | macmo | oil | macmo | |macmo
HanMeHOBaHMe XUPHBIX KUCTOT | Kox Top-
cncnorsr| TPHAHOE | o ioe | OTMBKOBOE | CO€BOe | KYKYDY3HOE| CIMBOYHOE
1. Butyric | Macnsinas C4:0 3.28+0.10
2. Caproic | Kanponosast C6:0 2.2+0.07
3. Caprylic | Kanpunosas C8:0 1.40+0.04
4. Capric | Kanpunosas C10:0 2.79+0.09
5. Decenoic | [TenenoBas C10:1 0.27+0.023
6. Lauric | JlaypunoBas C12:0 | 0.01+0.001 0 0 0 0 4.83%0.15
7. Lauroleic | TayponenHoBas C12:1 0 0 0 0 0 0.12+0.01
8. Tridecanoic | TpupexaHoBas C13.0 | 0.01+0.001 0 0 0 0 0.08+0.01
9. Myristic | MupucrusoBas C14:0 | 0.05+0.004 | 0.08+0.007 | 0.02+0.002 | 0.08+0.007 | 0.04+0.003 | 10.04+0.11
10. Myristoleic | Mupucronennosas C14:1n5 0 0 0 0 0 0.75+0.065
11. Pentadecanoic | IlentaekanoBas C15:0 | 0.02+0.002 | 0.02+0.002 | 0.01+0.001 | 0.04+0.003 | 0.01+0.001 | 0.95+0.030
12. Pentadecenoic | IlenTapenenoBas C15:1 | 0.01£0.001 | 0.01+0.001 | 0.01+0.002 | 0.02+0.001 | 0.01+0.003 | 0.21+0.018
13. Palmitic | 13. [lanbMuTHHOBAS C16:0 | 5.72+0.06 | 6.78+0.07 | 10.37+0.11 | 9.03+0.10 | 10.67+0.12 | 32.13+0.35
14. Palmitoleic | 14. ITanbMuTonenHoBas Cl6:1 | 0.09+0.008 | 0.13+0.011 | 0.73%0.053 | 0.11+0.011 | 0.17+0.015 | 1.44+0.12
15. Hexadecadienoic | TexcagekaauenoBas | C16:2n6 0 0.01+0.001 0 0 0.01+0.002 | 0.41+0.036
16. Margaric | MaprapuxoBas C17:0 | 0.05+0.004 | 0.04+0.003 | 0.05%0.004 | 0.07+0.006 | 0.06+0.005 | 0.63+£0.055
17. Heptadecenoic | MapraponeBas C17:1 | 0.03+£0.003 | 0.02+0.002 | 0.08+0.007 | 0.04+0.003 | 0.04+0.003 | 0.3+0.022
18. Stearic | CreapunoBas C18.0 | 4.08+0.13 | 3.54+0.11 | 2.4+0.08 | 4.14+0.13 | 1.94+0.06 | 9.75+0.11
19. Trans- oleic | Tpauc-omennoBas C18:1t 0 0 0 0 0 0.04+0.003
20. Oleic | OmennoBas C18:1 | 17.32+0.19 | 20.42+0.22 | 79.19+0.67 | 21.28+0.23 | 33.29+0.37 | 29.47+0.32
21. Trans-linoleic | Tpanc-nuuonesas C18:2tt 0 0 0.02+0.002 | 0.07+0.006 0 0.38+0.033
22. Linoleic | TunoneBas C18:2n6 | 15.07+0.17 | 67.31+0.74 | 5.45+0.06 | 59.34+0.55 | 51.39+0.57 | 3.32+0.11
23. Alfa- linoleic | Anba-nunonesas C18:2n3 0 0 0 0.03+0.004 0 0
%;‘Mﬁ:‘?l‘v‘[’:();‘;‘:};:"f | C18:3n6 | 0.020.002 | 0.010.001 | 0.010.001 | 0.010.001 | 0.10::0.009 | 0.43+0.037
25. Alfa - linolenic | Anppa-nunonenosas | C18:3n3 | 56.42+0.52 | 0.07£0.006 | 0.56+0.049 | 3.36+0.29 | 0.76+0.066 | 0.62+0.054
26. (‘)’égﬁ;‘;ﬁfgig‘;‘;ﬂ C18:4n6 | 0.03+0.003 | 0.03+0.003 | 0.01+0.001 | 0.07:0.006 | 0.02::0.002 | 0.75+0.065
27. Arachidic | ApaxunoBas C20:0 | 0.14+0.012 | 0.22+0,019 | 0.4+0.035 | 0.29+0.025 | 0.42+0.037 | 0.19+0.017
28. Gadoleic | Taponennosas C20:1 | 0.16x0.014 | 0.18+0.016 | 0.31+0.027 | 0.3£0.026 | 0.34+0.030 | 0.06+0.005
29. n6- Ficosadienoic | n6-siikosaguenosas | C20:2n6 | 0.02+0.002 | 0.01+0.001 0 0.02+0.002 | 0.02+0.002 | 0.10+0.009
30. n6-Eicosatrienoic | n6-siikosarpuenosas | C20:3n6 | 0.03+0.003 | 0.01+0.001 | 0.02+0.002 | 0.01+0.001 | 0.01+0.001 | 0+0.000
31. Arachidonic | ApaxuponoBas C20:4n6 0 0 0 0 0 0.02+0.002
32. n6- Eicosapentacnoic| C205n3| 0 0  |003:0003| 0 |0.01£0.001 | 0.01:+0.001
33. Behenic | berenosas C22:0 | 0.12+0.010 | 0.59+0.051 | 0.13+0.011 | 0.47+0.041 | 0.17+0.015 | 0.06+0.005
34. Erucic | 9pyxoBas C22:1 | 0.02+0.002 | 0.06+0.005 | 0.01+0.001 | 0.04+0.003 | 0.06+0.005 | 0.07+0.006
35. n6-Docosadienoic | n6-moxosaguenoBas | C22:2n6 | 0.04+0.003 0 0 0 0 0
36.n3- Docosapentaenoic | n3-goxo3anenraerosast | C22:5n3 0 0 0.01+0.002 0 0.02+0.002 0
37. n3- Docosahexaenoic | n3-goko3arexcaenosas| €22:6n3 0 0 0 0 0 0
38. Lignoceric | /lurnomepnnosas C24:0 | 0.07+0.008 | 0.20+0.019 | 0.06+0.007 | 0.15+£0.014 | 0.16+0.016 | 0.01+0.001
39. Nervonic | HepBoHoBas C24:1 | 0.02+0.002 | 0.03+0.004 | 0.02+0.001 | 0.02+0.003 | 0.03+0.004 0
&0: Others é'}ﬁi‘p‘:;;‘;;‘}f(g;hup‘)l;aﬂm) 0.45+0.039 | 0.24+0.021 | 0.10+0.009 | 1.01:£0.088 | 0.24:+0.021 | 2.830.246
Sum of saturated fatty acids | Cymma HachIIeHHBIX 10.27+0.10 | 10.2740.10 | 11.47+0.11 | 13.44+0.12 | 14.26+0.13 | 68.34+0.64
2‘;‘;‘;: ;{“o‘;‘:":{‘;‘]‘fg‘:;ﬁglﬂﬁgy acids | 17.65+0.16 | 17.65+0.16 | 20.85:£0.19 | 80.35:£0.75 | 21.80:£0.20 | 32.69:£0.30
2‘;‘;‘;33:4‘:{'?:;?3‘53{23f;‘g{‘;’fg)‘l‘:‘“g | 71.6420.67 | 67.45+0.63 | 6.09+0.06 | 62.86:0.58 | 52.34+0.49 | 5.66+0.05
omega-3 | omera-3 56.42+0.52 | 0.07+0.007 | 0.60+0.057 | 3.40+0.32 | 0.79+0.075 | 0.63+0.06
omega-6 | omera-6 15.21+0.43 | 67.38+0.89 | 5.49+0.15 | 59.46+0.66 | 51.55+ 0.64 | 5.03+0.14
Sum of trans-isomers | Cymma TpaHc-usoMepoB 0 0 0.02+0.003 | 0.07+0.009 0 0.42+0.05
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OTHouleHne omera-6:oMmera-3 B dapirax mocue Temmo-
BOII 00paboTKm cocTaBmmo ot 6,5 mo 8,0 eguHUI] st
KOMIO3m1uit hapiuei, BKIIOYAIOMINX PACTUTEIbHbIE Ma-
C/1a B COYeTAaHUM C IbHAHBIM MAac/IoM. B kommosunun xe,
UCIOb3YIOLIell COYeTaHNe CIMBOYHOTO C JIbHSAHBIM Ma-
CJIOM 3TO OTHOILIEHME YBEMYUIOCh 3HAUUTETbHO U CO-
CTaBMU/IO 9,2 eAMHUIIBI, YTO CBUJETEIBCTBYET O OOBIINX
IIpeBpalleHNAX XUPHOKMUCIOTHOTO COCTaBa 9TON KOM-
MTO3VIMM IO CPABHEHMIO C OCTATTbHBIMU. B KOHTpOIIE 9TO
oTHOIIeHNMe B (dapiie U3 MsIca MHAENKY IOC/Ie TeI0BOIT
06paboTKM coCTaBUIO 44 eUHULIBL.

AHanmu3 pe3y/nbTaTOB IPOBENEHHBIX JCCIEHOBAHMIA
IIOKAa3aJjI, YTO BCe KOMIO3UIIUI MMEIOT BBICOKOE COfieprKa-
uye ITHXKK (tabm. 6). 910 cornmacyercs co 3sHaYCHUAMU
MmoKasaTereil KMPHOKUCIOTHO COanaHCMPOBAaHHOCTH,
cocrapngomumu RL1...3=0,47 — 0,57 u RL1...6 = 0,32 -
0,37 eguHun1y 1151 o6oraieHHbIX (apIiert [0 TemI0Boit 06-
pabotku u 0,48 - 0,57 u 0,31 — 0,38 eguHMI] TOCIIE TETUIO-
BOIT 06pabOTKY COOTBETCTBEHHO (Tab1. 7)

Kak BMJHO M3 HaHHBIX, MPUBEIEHHBIX B TA0OMI. 7, MO-
cne Bapku yBenmuubaerca gona HIKK, kpome kommosn-
LU CO CIMBOYHBIM MAc/lIOM, B KOTOPOIl YBeINIMBAETCs
mona MHJKK, n yMeHbImaeTcss BO BCEX KOMIO3ULMAX
pona ITH)KK. OnHako o n3MeHeHUs He3HAYUTETbHbI U
COCTABIIAIOT [0 5,5% OT MCXOHOTO KONMMYECTBA >KMPHbIX
KICIOT. VI3MeHeHUe >Ke OTHOIIEHUsS oMera-6:omera-3
JKUPHBIX KUCTIOT 6oree cymjectBeHHO. OHO cocTaBisAeT
ot 0,1 egquHNI] B KOMIO3ULIMA HOACOTHEYHOE — JIbHAHOE
Macia fo 2,3 eIMHUIIbI B KOMIIO3UIM CIMBOYHOE — JIbHS-
Hoe Macia, 1,4 n 33,8% cooTBeTcTBeHHO. IIpn sToM cTe-
IIeHb VI3MEHEeHN OTHOIIEHNUA OMera-6: oMera-3 >KMPHBIX
KIIC/IOT He 3aBYICUT OT YPOBHSA BBEIeHN: JIbHAHOTO Macya
B penentypy. Tak, HauMeHblllee U3MeHEHNE YKA3aHHOTO
OTHOIIEHVS] IPONUCXOAUT B peLeNType ¢ HanuboNbIINM
BBefleHreM ybHAHOro Macia (0,80%), a Hambonbliee B
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[o Tennosow obpaboTku | Before thermal treatment

=1 m2 o3

Table 4. Content of polyunsaturated fatty acids (PUFAs) in
poultry meat and vegetable oil

Ta6muia 4. Cogeprkanue MOMMHEHACHIIEHHBIX XMPHBIX KICTIOT
(ITH)XK) B Msice ITUI[BI M PACTUTENHHBIX MACTAX

PUFA content, % | ] T
Raw material | Copepsxanne ITHXK, % (EOJT‘:IOHI;:]:;J
HaumeHoBanH1e ChIpbs )
w-3 w-6
Chicken | 0.17 2.09 12
Msco UBIIIAT
ﬁlrkey | 0.14 3.57 25
ACO MHIEIKNI
0il: | Macro:
Linseed | 53.30 12.70 0.24
nvHAHOE
Sunflower | 0.20 39.80 199.00
nooconHeuHoe
Soya | coesoe 10.30 50.90 4.90
Olive | 3.40 59.46 17.50
071U6K060€
Corn | 0.79 51.55 65.20
KyKypy3Hoe

As can be seen from the data presented in Table 7, the
SFAs proportion increased after cooking except the for-
mulation with butter, in which the MUFA proportion in-
creased; while the PUFA proportion decreased in all for-
mulations. However, these changes were insignificant (up
to 5.5% of the initial amount of fatty acids). The change in
the omega-6: omega-3 ratio was more significant. It was in
a range from 0.1 units for the formulation with sunflower
and linseed oils to 2.3 units in the formulation with butter
and linseed oil (1.4 and 33.8%, respectively).With that, the
degree of changes in the omega-6:0mega-3 ratio did not
depend on the level of linseed oil addition to a formulation.
For example, the minimal change in the above mentioned

MNocne TennoBon obpaboTku | After thermal treatment

m4 m5 o6

Fig. 1 The omega 6:0mega-3 ratio in minced meat before and after thermal treatment.

1 - minced meat without enrichment.Minced meat containing: 2 - sunflower and linseed oils; 3 - olive and linseed oils;
4 - soya and linseed oils; 5 - corn and linseed oils;6 - butter and linseed oils.

Puc. 1 OTHoOIIEeHME OMeTa-6:0Mera-3 XMUPHBIX KUCIOT B (hapiuax fj0 ¥ Moc/ie TeIIoBoil 00paboTKIL.

1 - dapm HeoboramenHbi. Papmm, cofepkamue: 2 — MONCOTHEYHOE ¥ NbHAHOE MAcma; 3 — OMMBKOBOE U JIBHAHOE MAca;
4 - coeBoe I IBHAHOE MACTIA; 5 — KYKYPY3HOE I JIHAHOE MAC/Ia;6 — CTMBOYHOE I JIbHSHOE MACTIa.
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pelienTypax co cpegHuM ypoBHeM Befiennsa (0,40% n
0,46%). Ilo-BuAMIMOMY, 3TV U3MeHEHMs OOJIbIIIe CBA3aHbI
C BUJIOBBIM COflep>KaHMEM >KVPHBIX KMC/IOT.

Yposenb usmenenus copepxanus HIXKK, MHXKK,
ITH)KK nocre 6maHmmpoBanus IpeAcTaBlIeHo B Tab. 7.

BriBogbr

VsyueH >KMPHOKUCIOTHBIN COCTAaB U >XMPHOKMUCTIOT-
Hasg CcOAIAHCUPOBAHHOCTb JIMIMIHON YacTU paspabdo-
TaHHBIX PELENTYPHBIX KOMIO3NMLMI M3 MsACa MHCWKI,
BK/IIOYAIONIVX PacTUTE/IbHbIE Macia (IOfICOMHEYHOe VN
KYKYpY3HOe, VI OJIMBKOBOE, VIV COeBOE) M/IN CIMBOY-
HOe MacJI0, 000TallleHHbIX IbHAHBIM Mac/IOM.

[ToxasaHO IpeBbIlIeHNE B Pa3pabOTaHHBIX KOMIIO3M-
nuax copepxanua ITHXKK mo cpaBHeHnIo ¢ aTaioHOM

[TonyueHHBIe SKCIIEPMMEHTA/IbHbBIE JaHHBIE IO 000-
Tall[eHNI0 SKMPHOKUCTIOTHOTO COCTaBa (apuieil ¢ Iie-
nbl0 obecredeHrss COANTaHCMPOBAHHOTO COOTHOLICHMS
omera-6:0Mera-3 >XMPHBIX KUC/IOT U YPOBEHb M3MEHEHNA
3TOTO OTHOIIEHN TOATBEPAV/IY BO3SMOXXHOCTD oboralie-
HUA MPOAYKTOB U3 MsACA NTHLBI JIbHAHBIM Mac/lIOM I
HOCTIDKEHNS HYTPUEHTHO-aJleKBaTHOIO COOTHOILEHMS
omera-6:0Mera-3 >KUPHBIX KIC/IOT.

OmpepeneHo, YTO pa3pabOTaHHBIE KOMIIO3VLINU
obecreyrBalOT HYTPMEHTHO-a/IeKBAaTHBIN OalaHC OMera-
6:0Mera-3 >KMPHBIX KICIIOT, He IIpeBblmaomuii 10 egnani,.

ITpy McIIONBb30BaHHOM CIIOCO0€ Y peXXIMe TEIIOBOIL 06-
paborku (67aHIIMpOBaHNe B BOe C TeMIlepaTypoit 9512 °C
JI0 IOCTVDKEHNSA TeMIlepaTypbl BHyTpy npopykra 70+1°C)
cofiepXKaHMe TPAHC-U30MEpPOB XXMPHBIX KUCIOT B (puKa-
IeNbKax He MEeHseTCs B IIpefie/IaX IIOTPEeLIHOCTY M3MepeHMIL.

Wccnenoansl  m3meHenms  cogepxanua  HIKK,
MHKK, ITHXXK u oTHomeHus omera-6:omera-3 >Kup-
HBIX KUC/IOT B paspabOTaHHBIX OOOTallleHHBIX OMera-3
KOMIIO3MIMAX IIPYU TEIJIOBOM Harpese. YCTaHOBJIEHO, YTO
3TU U3MEHEHNs He 3aBUCAT OT YPOBH: BBeleHNUA JIbHAHO-
ro Macja, a 0OyCTIOBIEHBI XMPHOKUCIOTHBIM COCTaBOM
BXOJALIVX B KOMIIO3MLIMIO Macerl.

TertoBass 06paboTKa OKa3bIBaeT He3HAYUTEIbHOE
BIUsHNE Ha J>KMPHOKUCIOTHYIO COaTaHCUPOBAaHHOCTD
HPOJIyKTa, HOABEPIHYTOTO TEIIOBOI 06paboTKe.
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ratio occurred in the formulation with the highest level of
linseed oil addition (0.80%), and the maximum change
was in the formulations with the average level of addition
(0.40% and 0.46%). Apparently, these changes are more re-
lated with the species specific content of fatty acids.

The level of changes in SFAs, MUFAs and PUFAs after
blanching is presented in Table 7.

Conclusion

The authors have studied the fatty acid composition and
fatty acid balance of the lipid fraction of the developed for-
mulations from turkey meat with vegetable oils (sunflower,
corn, olive or soya) or butter enriched with linseed oil.

An increase in the PUFA content in the developed for-
mulations compared to the reference was shown.

The obtained experimental data on the enrichment of
the fatty acid composition of minced meat with the aim
of ensuring the balanced omega-6:omega-3 ratio and
on the level of changes in this ratio confirm the possibil-
ity to enrich food products from poultry meat with lin-
seed oil in order to achieve the nutritionally adequate
omega-6 : omega-3 ratio.

It was found that the developed formulations ensured
the nutritionally adequate balance of omega-6:0mega-3
fatty acids, which did not exceed 10 units.

Under the used method and regime of thermal
treatment (blanching in water with a temperature of
9542 °C until achieving a product core temperature of
7041 °C), the content of the trans-isomers of fatty ac-
ids in the meat balls did not change within the range of
measurement errors.

The changes in SFAs, MUFAs, PUFAs and the omega
6:omega 3 ratio in the developed formulations enriched
with omega 3 upon thermal heating were studied. It was
established that these changes did not depend on the
level of linseed oil addition, but were conditioned by the
fatty acid composition of oils being constituents of the
formulations.

Thermal treatment had an insignificant effect on fatty
acid balance of a product subjected to thermal treatment.
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Table 5. Fatty acid composition of minced turkey meat with addition of vegetable oils or butter in combination with linseed oil before or
after thermal treatment (mass fraction of fatty acids to the sum of all fatty acids, %)

Taéimua 5. )KI/IPHOKMCTIOTHI)Iﬁ COoCTaB (l)apmeﬁ[ ns3s I/IHHeﬁKI/I, COACpKAIINX PACTUTENDHBIC VTN CTNBOYHBIOE MAC/Ia B COYETAHNN C
JIbHSHBIM JI0 ¥ IIOCTIE TeNI0BOI 00padoTKy (MaccoBast O/ XKUPHBIX KICIOT K CyMMe BCeX KUPHBIX KUCTIOT, %)

e e AR Ognriched with sunflower oil |
T e a— oraijeHHbIe C HOJCOMHEYHbIM
Fatty acid | HaumeHoBanne Mactom
before cooking | | after cooking | |before cooking || after cooking |

10 BapKu Hoc/e BapKn 10 BapKH HOC/Ie BapKn
1. Lauric | JlaypuHoBas C12.0 0.03+0.003 0.030+0.003 0.020+0.002 0.020+0.002
2. Myristic | MupucrusoBas C14:0 0.47+0.050 0.480+0.051 0.380+0.041 0.380+0.041
3. Myristoleic | MupucronentHoBas Cl14:1n5 0.15+0.016 0.180+0.019 0.140+0.015 0.130+0.014
4. Pentadecanoic | IlenragekaHoBas C15:0 0.09+0.010 0.110+0.012 0.080+0.009 0.080+0.009
5. Pentadecenoic | IlenTageneHoBas C15:1 0.01+0.001 0.020+0.002 0.010£0.001 0.010+0.001
6. Palmitic | [TansMuTHHOBasA C16:0 21.71+0.24 22.25+0.24 18.26+0.20 18.54+0.20
7. Palmitoleic | [lanbMutonennosas Cl6:1 5.55+0.18 5.45+0.17 4.26+0.14 4.23+0.14
8. Hexadecadienoic | TexcagekamuenoBas C16:2n6 0.16+0.017 0.160+0.017 0.120+0.010 0.120+0.012
9. Margaric | MaprapunoBas C17:0 0.12+0.013 0.130+0.014 0.100+0.008 0.100+0.015
10. Heptadecenoic | Mapraponesas C17:1 0.08+0.009 0.080+0.007 0.070+0.008 0.070+0.007
11. Stearic | CreapunoBas C18:0 4.92+0.16 5.13+0.12 4.73+0.15 4.80+0.19
12. Trans-oleic | Tpanc-omentoBas C18:1t 0.03+0.003 0.010+0.001 0.020+0.002 0.020+0.002
13. Oleic | OnennoBas C18:1 30.22+0.29 30.51+0.34 27.57+0.30 27.85+0.31
14. Trans-linoleic | Tpanc-nunoneBas C18:2tt 0.04+0.004 0.030+0.003 0.020+0.002 0.030+0.003
15. Linoleic | Tnxonesas C18:2n6 34.15+0.38 33.16+0.36 37.57+0.41 37.30+0.41
16. a- linoleic | a-nmuHoneBas C18:2n3 0.08+0.009 0.040+0.004 0.040+0.004 0.080+0.009
17. y- linolenic | y-mnHomeHoBas C18:3n6 0.04+0.004 0.030+0.003 0.030+0.003 0.040+0.004
18. a- linolenic | a-muHoneHOBast C18:3n3 0.70+0.022 0.650+0.021 4.880+0.156 4.720+0.151
rlnzigxfigxcet;f:::;?eﬁzﬂ C18:4n6 0.06+0.006 0.050+0.005 0.050+0.005 0.060+0.006
20. Arachidic | ApaxunoBas C20:0 0.07+0.007 0.090+0.010 0.100+0.011 0.100+0.011
21. Gadoleic | Tagonennosas C20:1 0.27+0.029 0.300+0.032 0.220+0.024 0.240+0.026
22. n6- Eicosadienoic | n6-siikosamuenosas C20:2n6 0.13+0.014 0.150+0.016 0.110£0.012 0.100+0.011
23. n6- Eicosatrienoic | n6-siikosarpueHoBas C20:3n6 0.05+0.005 0.040+0.004 0.050+0.005 0.040+0.004
24. Arachidonic | ApaxupoHoBas C20:4n6 0.29+0.031 0.240+0.026 0.300+0.032 0.220+0.024
23. n6- Bicosapentaenoic | C20:5n3 0 0.030£0.003 | 0.020::0.002 0
26. Behenic | BerenoBas C22:0 0.03+0.003 0.040+0.004 0.120+0.013 0.110+0.012
27. Erucic | 9pyxoBas C22:1 0.05+0.005 0.040+0.004 0.040+0.004 0.030+0.003
28. n6- Docosadienoic | m6-T0K03aIMeHOBasA C22:2n6 0.08+0.009 0.070+0.007 0.080+0.009 0.060+0.006
S D e | C22:5n3 | 0.04£0.004 | 0.030£0.003 | 0.030£0.003 | 0.030:0.003
AR ocosahexacroic | C22:6n3 | 0.02£0.002 | 0.020:0.002 | 0.020+0.002 | 0.020+0.002
31. Lignoceric | /lurnonepunoBas C24:0 0 0.010+0.001 0.050+0.005 0.050+0.005
32. Nervonic | Hepsonosas C24:1 0.03+0.003 0 0.020+0.002 0.020+0.002
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Continuation of the Table 5
IIpomomxeHne TabmMuIBI 5

Enriched with olive oil | Enriched with soya oil | Enriched with corn oil | Enriched with butter |
OGoranieHHbIe C OTMBKOBBIM O0oraiieHHbIe C COEBBIM OboraireHHbre ¢ KYKypy3HbIM | O6oraijeHHbIE CO CTHBOYHBIM
MaCIOM MacIoM MacIoM MacIoM
before cooking | after cooking | | before cooking | after cooking | | before cooking | after cooking | | before cooking | after cooking |

| mo Bapku HoC/Ie BapKu | mo Bapku HOC/e BapKn | mo Bapxn HoC/Ie BapKu | mo Bapku HoC/Ie BapKu
0.02+0.002 0.02+0.002 0.02+0.002 0.02:+0.002 0.02+0.002 0.02+0.002 0.63+0.067 0.48+0.051
0.37+0.040 0.38+0.041 0.36+0.039 0.38+0.041 0.36+0.039 0.37+0.040 1.59+0.17 1.30+0.14
0.12+0.014 0.12+0.013 0.11+0.009 0.11+0.012 0.13+0.014 0.11+0.012 0.21+0.022 0.18+0.019
0.07+0.007 0.08+0.009 0.07+0.005 0.08+0.009 0.07+0.007 0.08+0.009 0.20+0.021 0.17+0.018
0.03+0.003 0.01+0.001 0.03+0.003 0.02:+0.002 0.03+0.003 0.01+0.001 0.03+0.003 0.02+0.002
18.65+0.25 19.68+0.19 18.18+0.20 19.25+0.21 18.35+0.20 19.08+0.21 21.02+0.23 21.18+0.23
4.35+0.10 4.45+0.14 4.09+0.13 4.15%0.13 4.11+0.13 4.30+0.14 4.63%0.15 4.75%0.15
0.12+0.010 0.12+0.015 0.12+0.009 0.12+0.013 0.12+0.013 0.12+0.012 0.12+0.013 0.12+0.016
0.10+0.010 0.11+0.013 0.11+0.011 0.11+0.012 0.10+0.011 0.11+0.009 0.16+0.017 0.15+0.016
0.08+0.011 0.08+0.009 0.07+0.010 0.07+0.007 0.07+0.009 0.07+0.005 0.09+0.010 0.08+0.009
4.42+0.13 4.66%0.15 4.75+0.14 5.02+0.17 4.36+0.14 4.58+0.15 5.45+0.14 5.41+0.17
0 0.01+0.001 0.01+0.001 0.02+0.002 0.02+0.002 0.02+0.002 0.03+0.003 0.04+0.004
36.73+0.38 35.96+0.42 28.37+0.30 28.45+0.33 29.73+0.30 29.75+0.28 29.22+0.39 30.38+0.25
0 0.03+0.003 0.01+0.001 0.03+0.003 0.01+0.001 0.03+0.003 0.08+0.009 0.08+0.009
29.03+0.35 28.98+0.32 36.47+0.43 35.48+0.39 35.86+0.39 35.29+0.39 29.69+0.33 30.23+0.33
0.06+0.006 0.04+0.004 0.04+0.004 0.04+0.004 0.07+0.007 0.04+0.004 0 0
0.03+0.004 0.04+0.004 0.03+0.003 0.03+0.003 0.04+0.004 0.03+0.003 0.06+0.006 0.07+0.007
4.39+0.14 3.72+0.12 5.64+0.18 5.05+0.16 5.13+0.16 4.39+0.14 4.36+0.14 3.36+0.11
0.05+0.006 0.05+0.005 0.06+0.006 0.06+0.006 0.06+0.006 0.06+0.006 0.15+0.016 0.13+0.014
0.13+0.011 0.13+0.014 0.13+0.014 0.13+0.014 0.14+0.015 0.13+0.014 0.11+0.012 0.12+0.013
0.27+0.026 0.29+0.031 0.27+0.029 0.26+0.028 0.25+0.027 0.26+0.028 0.15+0.016 0.38+0.041
0.12+0.011 0.12+0.013 0.11+0.012 0.11+0.012 0.11+0.012 0.11+0.012 0.05%0.005 0.09+0.010
0.03+0.004 0.04+0.004 0.02+0.002 0.02:+0.002 0.05+0.005 0.05+0.005 0.01+0.001 0.12+0.013
0.23+0.024 0.20+0.021 0.24+0.026 0.21+0.022 0.23+0.025 0.25+0.027 0.28+0.030 0.24+0.026
0.05+0.005 0.02+0.002 0.01+0.001 0.01+0.001 0.01+0.001 0.02+0.002 0.01+0.001 0
0.05+0.012 0.05+0.005 0.09+0.010 0.09+0.010 0.06+0.006 0.06+0.006 0.01+0.001 0.02+0.002
0.04+0.003 0.03+0.003 0.04+0.004 0.03+0.003 0.03+0.003 0.04+0.004 0.04+0.004 0.04+0.004
0.07+0.006 0.07+0.007 0.07+0.007 0.06+0.006 0.06+0.006 0.07+0.007 0 0
0.03£0.003 0.04+0.004 0.04+0.004 0 0.03+0.003 0 0 0
0.01+0.002 0.02+0.002 0.02+0.002 0 0.01+0.001 0 0 0
0.02+0.005 0.03+0.003 0.04+0.004 0.05+0.005 0.04+0.004 0 0.05+0.005 0.07+0.007
0.02+0.002 0.03+0.003 0.01+0.001 0.02+0.002 0.02+0.002 0 0 0
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Table 6. Fatty acid balance of the tested minced meat before and after thermal treatment
Ta6muua 6. KupHokucnoTHas co6amaHCHPOBAHHOCTD UCCTeTyeMbIX (hapiLieii Ko 1 MOCTIe TeNI0Boii 06padoTKN

Sum of fatty acids | Cymma >KMpPHBIX KICIOT

Minced meat | HaumenoBauus

saturated | monounsaturated | polyunsaturated |
HACBIIeHHBIX MOHOHEHACBIIEHHBIX TIOTIMHEHAChIIIeHHbIX
Without enrichment | Heo6oramenusre
Minced meat | ®apm
before thermal treatment | 0 TemToBoit 06pa6oTKN 27.44+0.26 36.36+0.34 35.80+0.33
after thermal treatment | mocie TennoBoii 06paGoTku 28.27+0.26 36.59+0.34 34.68+0.32
Enrichment with linseed oil | O6oramjenHbIe TbHAHBIM MaCIIOM
Minced meat with sunflower oil |
dapi ¢ IoECOTHEYHBIM MACTIOM
before thermal treatment | o TertoBoit 06pagoTku 23.84+0.22 32.33+0.30 43.30+0.42
after thermal treatment | mocie TennoBoii 06pa6oTku 24.20+0.18 32.58+0.28 42.80+0.29
Minced meat with olive oil | ®apm c ontnBKoBBIM MacTOM
before thermal treatment | 50 TenmoBoit 06pa6orku 23.84+0.22 32.33+0.30 43.30+0.42
after thermal treatment | mocie TennoBoit 06paéoTku 24.20+0.18 32.58+0.28 42.80+0.29
Minced meat with soya oil | @apur ¢ coeBbIM MacTOM
before thermal treatment | 5o TemroBoit 06pa6orku 23.77+0.15 33.00+0.24 42.85+0.40
after thermal treatment | mocite TernoBoit 06paéoTku 25.14+0.23 33.13+0.31 41.24+0.31
Minced meat with corn oil | ®apu ¢ KyKypy3HbIM MacIOM
before thermal treatment | 10 TemToBoIt 06pa6oTKN 23.77+0.15 33.00+0.24 42.85+0.40
after thermal treatment | mocie TennoBoii 06paGoTku 25.14+0.23 33.13+0.31 41.24+0.31
Minced meat with butter | ®apur co ciuBoYHBIM MacTOM
before thermal treatment | 5o TentoBoit 06pa6orku 31.01+0.21 34.43+0.39 34.73+0.24
after thermal treatment | mocite TennoBoit 06paéoTku 29.94+0.28 35.89+0.30 34.35+0.32

Table 7. Changes in the content of SFAs, MUFAs, PUFAs, the omega-6:0omega-3 ratio in the formulations enriched with linseed oil as a

result of blanching

Ta6nmuua 7. Vismenenue cogepkanust HJKK, MHXXK, ITHXKK, cooTHomIeHNs oMera-6: oMera-3 B KOMIO3UIIAX, 000TralieHHbIX TbHHBIM

Mac7IoM, B pe3ynbTaTe OTaHIINpPOBaHINA

Soya + Butter + Olive + Corn + Sunflower +
» Control | | linseed| | linseed| | linseed| | linseed | linseed |
Compositions | ) Kontponn | CoeBoe+ |Cnmsouynoe | OmuBkoBoe |Kykypysnoe|Ilomconneunoe
HanmenoBanme koMmosnumit NMbHAHOE | + IbHAHOE | + IbHAHOE | + IbHAHOE | + JIbHAHOE
1 2 3 4 5 6

Proportion of linseed oil in a formulation | _ 0.38 0.40 0.46 0.73 0.80
Jlona MbHAHOrO Macia B penentype ) ’ ) ’ )
Changes in SFAs, % of total sum (% to the initial) |
N3smenenne HXKK, % ot o61meit cymmbr +0.83 (3.0) | +1.63 (6.5) | -1.07 (3.4) | +1.31(5.5) | +0.95 (4.0) | +0.36 (1.5)
(% x ucxogHOMY)
Changes in MUFAs, % of total sum (% to the initial) |
Nsmenenne MHKK, % ot o61eit cymmbI +0.23 (0.06) |+0.13 (0.39)| +1.46 (4.2) | -0.66 (1.6) | +0.20 (0.6) | +0.25 (0.5)
(% x mcxomHOMY)
Changes in PUFAs, % of total sum (% to the initial) |
N3smenenne ITHXKK, % ot 061meii cymmbI -1.12(3.1) | -1.61 (3.9) | -0.38 (1.1) | -0.78 (2.3) | -1.33(3.2) | -0.50 (1.15)
(% x McxomHOMY)
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PREDICTION OF MEAT PRODUCT QUALITY BY THE
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IIPOTHO3VMPOBAHUE KAYECTBA MACHBIX U3IETNN
METOOJAMU MATEMATUYECKOTI'O ITPOTPAMMUNPOBAHUA
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Kmouesbie cnosa: UHPOPMALUOHHDIE mexHon02Ul,
Npo2ZHO3UPOBAHUE, KOMNIEKCHBLTE KpUumepuli Kasecmaa, pusuxo-
Xumuueckue U PyHKUUOHAILHO mMexXHOI02uYecKue noKasameny

Annomauus

IIpumenenuie nPpozHO3HbIX MEXHONO2ULL ABAACCT OOHUM U3 HA-
npasneHuil Hay4HO-UCCIe0068aMenbCKUX pabom, nposoOUMbLX
kax 6 Poccuu, max u 3a pybesxcom. Ilepepabomka msca conposo-
HOAEMCS CTOICHOIMU PUSUKO-XUMUHECKUMU, OUOXUMUHECKUMU
U mMexamuueckumu npoveccamu. I npozno3a noseoeHus msc-
HO20 CbIpbs 6 X00€ MeXHO/I02U1ecKotli 00pabomKU UCNOIb3YIoMm
KOMNJIEKC (PYHKUUOHATLHO-EXHONI02UMEeCKUX U  CMPYKmyp-
HO-MexXaHu4yecKux nokasamerneti, 00beKMUBHO OMPANAOULUX
e20 kauecmso (senuuuna pH, 6000c6a3b16a10u4a U HUpoyoep-
HCUBAIOWLAST CHOCOOHOCIU, AKINUBHOCMb B000bL, IUNKOCHID, B53-
Kocmb, naACMUYHOCMb U m.0.). B cmamve nokazano énusuue
HUBOMHBIX 0en1K08 (208ANVUX U CBUHDIX) HA PUBUKO-XUMUUE-
ckue U PYyHKUUOHATIbHBLE CB0LICIMEA MACHBLX dapuieii 00 u nocrue
mepmuueckoti 06pabomKu, biPAGOMAHHBIX U3 MACHOZ0 CbIPBS C
DPAasHbIM coOepicanuem coeduHumenvHotl u xuposoti mraneil. Ha
0CHOBE ONBIMHBIX 0AHHBIX C NOMOULLIO MEMO008 PeePeccuOHHO20
aHanusa ObiIu Nomy4eHvl napamempul moodenu (crmoxacmute-
CKOTi 3A6UCUMOCINUL), CBA3bLBAIOU4UE KOTUHECTNBEHHbIE De3YIib-
mupyrouue 1 PakmopHvle nepemerHvle, U OUeHeHA CmeneHb
C021ACO08AHHOCIU C IKCNEPUMEHMATbHUIMU 0aHHbIMU. Memoda-
MU MAMEMAMU4ecK020 NPozPaAMMUPOBAHUS ObLIU YCIMAHOBTIEHDL
npedenvHo 0Onycmumble YPOSHU 3aMeHbL MICHO20 CoLPLST HUBO-
Homu Genkamu (208sicoumu u céunbimu). Ilpumenenue ungop-
MAYUOHHDIX THEXHOTIO2UTE CYULeCtNB8eHHO COKPAMUM 3ampanvl
HA IKCNePUMEHMATIbHBLLL NOUCK U 000CHOBAHUE ONMUMATILHOZ0
YPOBHS 3aMeHblL MACHO20 CbLPbS HUBOMHbIMU OenKamu (20854cb-
UMU, CBUHBIMIL), A MAKHE NOMONEM YCIMAHOBUMb 63AUMOCEA3b
nokasamerneil Kauecmea npooyKma ¢ KOIUHECHBOM U Kauect-
B0M UHZDEOUEHINOB 8 MACHOM papue.

BBenenne

OpHo 13 HanpaB/IeHNIT TOCYAAPCTBEHHOI MOIUTUKI B
061acTy 3[0pOBOTO MUTAHMUS SBJISIETCS Pa3paboTKa BbI-
COKOKAQYEeCTBEHHBIX IMIEBBIX IPOAYKTOB C 3a/laHHBIM
XMMMWYECKVM COCTAaBOM U NMILEBOJ LEHHOCThIO, OTBEYA-
IOIIMX BCeM TPeOOBAHUAM TEXHUYECKMX PEIrIAMEHTOB U
HOPMAaTMBHBIX JJOKYMEHTOB. B CBA3M C 9TMM BakKHeIIIen
3ajadert MsiconepepabaTbiBaOIiell POMBIIITIEHHOCTI
ABJIAETCA PalMIOHA/JIbHOE VCIIONIb30BAHME CBIPbs, HTEH-
cupuKauua IPOM3BOACTBA HA OCHOBE MCIIONIb30BAHMSA
Hay4YHO-TE€XHMYECKOTO IIpOrpecca ¥ BHEJPEHNA IIPOTpec-
CUBHBIX TEXHOJIOTUI, pacIIMpeHye acCOPTUMEHTHOTO
pAfa IPONYKLMM ¥ MOBBILIEHNE KayeCTBa NPOAYKLINN, B
TOM YMCTIE 3a CYET CO3/IaHMA HOBBIX BUJOB IIPOJYKTOB Ha
OCHOBE COYETAHVIS MACHOTO ChIPbs C Oe/IKaMI )KMBOTHOTO
U PACTUTE/IBHOTO ITPOMCXOKIEHMA.

KoH1enuus MozienpoBaHysA ¥ ONTUMM3ALNN, CHOPMY-
JIMpOBaHHAsA B TPY/ax IIKo/Ibl akageMuka Kagaposa B.B. [1],
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Abstract

Use of the prediction technologies is one of the directions of the
research work carried out both in Russia and abroad. Meat
processing is accompanied by the complex physico-chemical,
biochemical and mechanical processes. To predict the behavior
of meat raw material during the technological processing, a
complex of physico-technological and structural-mechanical
indicators, which objectively reflects its quality, is used. Among
these indicators are pH value, water binding and fat holding
capacities, water activity, adhesiveness, viscosity, plasticity and
so on. The paper demonstrates the influence of animal proteins
(beef and pork) on the physico-chemical and functional properties
before and after thermal treatment of minced meat made from
meat raw material with different content of the connective and
fat tissues. On the basis of the experimental data, the model
(stochastic dependence) parameters linking the quantitative
resultant and factor variables were obtained using the regression
analysis, and the degree of the correlation with the experimental
data was assessed. The maximum allowable levels of meat raw
material replacement with animal proteins (beef and pork) were
established by the methods of mathematical programming. Use of
the information technologies will significantly reduce the costs of
the experimental search and substantiation of the optimal level
of replacement of meat raw material with animal proteins (beef,
pork), and will also allow establishing a relationship of product
quality indicators with quantity and quality of minced meat
ingredients.

Introduction

One of the directions of the state policy in the field
of health nutrition is the development of high quality
food products with the targeted chemical composition
and food value that correspond to all requirements of the
technical regulations and normative documentations. In
this connection, an important task of the meat process-
ing industry is the rational use of raw material, intensifi-
cation of production on the basis of using the scientific-
technical progress and incorporation of the progressive
technologies, extension of the product assortment and
increase in product quality through, among other things,
the development of new types of products based on the
combination of meat raw material with animal and plant
proteins.

The concept of modeling and optimization, which
is stated in the works of the school of academician
Kafarov V.V. [1], is associated with predicting quality of
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CBsI3aHa C IPOTHO3MPOBAHMEM KadecTBa IIPOAYKINY Hepe-
PaboTKM OMOCHIPBS )KUBOTHOTO IPOMCXOKAEHNUSA CO CITy-
YalHBIMI XaPAKTEPUCTUKAMMU Y CBOVICTBAMIL

HavanpHas HeompeneneHHOCTb OOYCIOB/IEHA pas-
OpocoM IOKasaTesell U CBOJICTB CBIPbsl OMOIOrNYECKOTO
nponcxoxaeHns (Gpuanko-xuMmndecknx 1 GyHKIMOHAIb-
HO-TEXHOJIOTMYECKIX TIOKa3aTesel) MOXKeT ObITh OXapaK-
Tepu30BaHa BeMMYMHON SHTponu [2-3]:

H(02) =333 P8z log, P(ac))
Jj=1 k=1 r=l1
( P AZJ’” ) - BEPOATHOCTDb 7-TO YPOBHS OTK/IOHEHNSA

k r0 HOKa3aTeNs B j-M Bufie 60/IOTMYeCKOTO ChIPbS;

U OIpenensaeT CIOKHOCTb NPUHATUA PELIEHUI C Lie-
b0 o0ecredyeHNs KadecTBa NMPORYKLVM IO KPUTEPUAM
MUIEBOI U OMOTOTMYECKOI IIEHHOCTH.

OcHoBHas 3afavya MsCONepepabaThIBaIOIIETO Ipef-
OpUSTUA — BBIPAOOTKA MSCHBIX M3[eNI 3aJaHHOTO Ka-
4yecTBa. B cBA3M ¢ 9TMM IeneBas QyHKUUA yIpaBIeHUA
KauyecTBOM MOXXeT OBITh IPe[CTAaB/IeHa B BU/IE ME€PAPXIU
HEKOTOPBIX IapaMeTPOB M IIOKA3aTesell, OTPaKaloLuxX
AMHAMUKY (OPMUPOBAHMA KadyecTBAa IIPOU3BOJVIMBIX
MSICHBIX HpOI[YKTOB

szb Zyk ij..k>

i=1 Jj=1

rne a;,b;,d;, - xosbuiuentsr sHaummocTu u-
3UKO-XVMWYECKNX, (YHKIMOHATbHO-TEXHOIOTMIECKIX,
CEHCOPHBIX IIOKasareleil U CTPYKTYPHO-MeXaHMIeCKUX
CBOJICTB, XapaKTePU3YIOLINX KaueCTBO MSCHON IPOAYK-
LIV, OIIpefienisieMble MeTO/{OM 3KCIIEPTHBIX OL[eHOK I per-
PECCHOHHOTO aHa/N3a;

Ax; , - HOpMaTBHAs BeTMYMHA OTKIOHeHNsA k-ro 1o-
Kasaresis HeKOTOPOIL TPYIIIIBL.

Il COMOCTaBMMOTO aHa/IM3a BIVAHMSA Pas/IMYHbIX
¢busuKo-xuMIdecknx (HakToOpoB Ha KayeCTBO IIPOAYKIIUM
HOPMIPOBAHHbIE BE/IMYVMHBI OTKIOHEHWII ITapaMeTpOB OT
3a/JaHHbIX 3HAYCHNIT PACCUNTHIBACTCS CTIEAYIOLINM 00pasom

0

X..

ik X

*

Ax,

if..

ik

k 0

Ax;

ij..k

rae xU &> Xy - 3A/IAHNOE I TEKYIIee 3HATEHIe k-ro mo-
Ka3aTesis, j-ii TPyIbt (aKTOpPOB i-ro MACHOTO IPORYKTA;

j.k - JOIYCTUMOE OTK/IOHEHMe ITapaMeTpOB OT 3a-
JIAHHOTO 3HAYeHMA.

KauecTBO MsACHOTO IIpoiyKTa Hanbosee IMOTHO XapakK-
TepU3yeT KOMIUIEKCHBII KPUTEPUil KadecTBa, y4UThIBA-
ot GU3NKO-XMMuYeckne, (QYHKIMOHAIbHO-TEXHO-
JIOTMYecKye MOKasaTeI ¥ CTPYKTYPHO-MeXaHMYecKue
corictBa. Ocoboe 3HaueHNUe MMEIOT PeosIorMYecKue Xa-
PaKTepUCTHKM, KOppenupyome ¢ GU3UKO-XUMIYeCKN-
MU IIOKa3aTeIsAMU OMOCBIPbs >KMBOTHOTO IPOMCXOXKIE-
HUS, MSICHOTO (papiiia ¥ ToToBOro mamenus [4-5].

[lenpro JaHHONM pabOTHI ABJANOCH U3Y4EHME BIIU-
SAHUA SKUBOTHBIX OeIKOB (TOBSKBMX M CBUHBIX) Ha
¢dusnko-xumMmyeckrie ¥ QyHKIMOHATbHbIE CBOJCTBA
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products from processing of animal biological material
with random characteristics and properties.

The initial uncertainty is conditioned by the dispersion
of indicators and properties of biological raw material (the
physico-chemical and functional-technological indica-
tors), can be characterlzed by the entropy value [2-3]:

H(2,)=-3 33 P(ac)log, P(azl")

j=l k=1 r=1

where (P Az/" ) - probability of the " value of deviation
of the k™ indicator in the j™ kind of the biological raw ma-
terial;

and determines the complexity of decision making with
the aim of ensuring product quality by the criteria of food
and biological value.

The main goal of a meat processing enterprise is to
produce meat products with specified quality. In this con-
nection, the target function of quality management can be
presented in a form of hierarchy of several parameters and
indicators reflecting a dynamics of quality formation in
produced meat products
ko

where g, b,, , dy B coefficients of significance of
physico- chemlcal tunctional-technological, sensory indi-
cators and structural-mechanical properties characterizing
meat product quality, which is determined by the method
of expert assessment and regression analysis;

Ax; , - normative value of the k™ indicator of some
group.

For comparative analysis of an effect of different physi-
co-chemical factors on product quality, the normative val-
ues of parameter deviations from the specified values are
calculated as follows

k

0
Xij k
0

Ax;

ij..k

ik

0
where X x> X;_ - specified and current values of the k™ in-
dicator in the j factor group of the i meat product;

Ax; .- allowable variation of parameters of the
specified value.

A complex quality criterion, which takes into consid-
eration the physico-chemical, functional-technological in-
dicators and structural-mechanical properties, most fully
characterizes meat product quality. The rheological charac-
teristics correlating with the physico-chemical indicators of
biological raw material of animal origin, minced meat and
finished products are of special importance [4-5].

The aim of this work was to study the influence of ani-
mal proteins (beef and pork) on the physico-chemical and
functional properties of minced meat and cooked samples
produced from meat raw material with different content of
the connective and fat tissues and to develop a mathemati-
cal model for predicting meat product quality dependent
on a percentage of meat raw material substitution.

According to the set goal, the following objectives were
achieved:

- to determine the content of total and connective tissue



2016 | N?1 TEOPUSI U NPAKTUKA NEPEPAGOTKWU MSICA

CBIPBIX U BapeHbIX MsCHBIX (apiieil, BHIpaOOTaHHBIX U3
MSICHOTO CBIPbSI C Pa3HBIM COfiep)KaHUeM COENVHUTENb-
HOJI 1 XMPOBOJ TKaHeil ¥ paspaboTKa MaTeMaTI4ecKoil
MOJIe/IV NIPOTHO3MPOBAHMA KauyecTBa IIOMYYeHHON IIpo-
AYKOVUM B 3aBMCUMOCTU OT IIPOLIEHTA 3aMeHbI MACHOTO
CBIPbSI.

B cooTBeTcTBMM C NOCTaB/IEHHON IIe/IbI0 pelIaTnch
CIefyIoIyie 3a/Ia4un:

- ONpeNeNuTb COflep)KaHue OOILIEro M COeNUHNUTENb-
HOTKAHHBIX 0€/IKOB, B 3aBUCHMOCTY OT COJePXKaHMS JKI-
POBOII 11 COEAVHUTENBHOI TKaHeil B 00pasIiax;

- USYYUTH BIIVISIHME )KMBOTHBIX O€/IKOB (CBUHBIX U TOBSI-
JKbUX) Ha (PU3MKO-XMMMYeCKue M (PyHKIVMOHATbHO-TEeX-
Hozornyeckue nokasarenmu (pH, maccoyio pgomo 6enka,
JKMpa, BJIary, OKCUTIPOJIVHA, IIBET, aKTUBHOCTD BOJIbI, BSI3-
KOCTb, B/IATOCBS3bIBAOIYI0 CIOCOOHOCTD) Ha MOJIE/TbHBIX
o6pasiiax cbIporo MsCHOro apiia;

- USYYUTH BIIVISIHME )KMBOTHBIX O€/IKOB (CBUHBIX U TOBSI-
JKbUX) Ha (PU3MKO-XMMMYeCKue M (PyHKIVMOHATbHO-TEeX-
Hozornyeckue nokasarenu (pH, maccoyio pgomo 6enka,
OKCUIIPO/IVHA, BJIaTOYAEPKUBAIOIIYI0 CHOCOOHOCTb) Ha
MOJIE/IBHBIX 00pasiax TepMoOOpPabOTaHHOTO MSICHOTO
apua;

- paspaboTaTh MaTeMaTHYeCKyl0 MOJEIb IPOTHO3MUPO-
BaHNA KayeCTBa MACHOTO IIPOAYKTA IIPY 3aMeHe MACHOTO
CBIPbsI )KUBOTHBIMU Oe/TKaMu;

- anmpoO6MpoBaTh pa3pabOTAHHYIO MOJEIb.

Marepuanbl I METOMbI

3a Mope/bHbIe 00pa3Lbl MACHOTO (hapia ObIIV B3ATHI
00pasLbl ¢ pa3INYHbIM YPOBHEM 3aMEHbBI MACHOTO ChIPbs
Ha I'MIPATMPOBAHHBIE OE/IKM XMBOTHOTO IIPOVICXOXK/ICHIS
B guanasoHe oT 10% no 30% c npupamennem 10%. [uppa-
TALMIO )KUBOTHBIX O€/IKOB IPOBOAMIN B COOTHOILIEHNU Oe-
JIOK : Bojia 1y1s1 ToBspKbero — 1 : 10, g ceuHoro —1: 8.

B kadecTBe KOHTpO/IA OBIIM M3TOTOBJIEHBI 00OpPa3Iibl
M3 MsACA TOBANVHBI ¥ CBMHMHDI IIOTY>KVPHOM: KOHTPO/Ib
1 - roBagyuHa >XUJIOBaHHAA BBICLIETO COPTa C MacCOBOI
JIOTIelt COeIMHUTENBbHON 1 )KMPOBOII TKaHeit He 6ortee 3%,
KOHTPO/Ib 2 — TOBAJMHA XWJIOBaHHAsA 2 COpTa C MaccCo-
BOI1 [{O7IeNl COeNVHUTEIbHOI U YKUPOBOI TKaHeil He 6ortee
20%, KOHTpONb 3 — CBMHMHA >XWIOBAaHHAA IIOMTY>KMPHAsA
C MaccCOBOJI JOJIEN >KUPOBOM U COENVHUTENbHON TKaHen
He 6oree 45%. B ombITHBIE 00OpasIbl BHOCUIN TMAPATH-
POBaHHBIII XXMBOTHBII 6e/10K B KonmndecTse 10, 20 1 30% k
Macce MsCHOTO CbIpbs. [ToBapeHHYI0 cO/b BO BCe 0Opas-
116 BHOCW/IM B KO/IM4ecTBe 2,2%, TakoKe, UICXOHs U3 QYHK-
LIMOHA/IbHO-TEXHOIOTMYECKUX XaPAKTEPUCTUK MACHOTO
CBIPbsI, BO BCe 00pasIbl HOMOTHUTEIBHO BHOCWIN BOAY,
B KOHTPOJIbHbIE o6pa3ubl B KonndecTtBe 25%, B OIIBITHbBIE
00pasIibl UCXOMS U3 CHIDKEHMsI MacCOBOM JOU MSCHOTO
cbIpbsl. JKumoBaHHOE MACHOE ChIpbe C 33aJJaHHBbIM COfep-
JKaHMeM XXMPOBOM 1 COEIMHUTENNIBHON TKaHel M3Me/bya-
7Y Ha BOTYKE C JMaMeTPOM OTBEPCTUIN PEeIIeTKN 2-6 MM.
3areM M3MeJIbYEHHOE MSACHOE ChIPbE IlepeMelIMBalIl B
MeNIaJIKe C TIOBAPEHHOI COMbI0, BOIONM C TeMIIepaTypon
He Bpille 4 °C 11 IpeiBapUTe/IbHO TUAPATUPOBAHHBIM XKI-
BOTHBIM 0€/IKOM JI0 paBHOMEPHOTO pacIpefie/ieHns Bcex
MHTrpenyeHToB. KaXX/plil 13 IOTy4eHHbIX 00pa31ioB [eu-
7Y Ha 2 9acTU: OfIHY YacTh OTIIPABJIANM Ha IIpOBEfeHNE
3aIUTAHMPOBAHHBIX JCCIIETOBaHMII, BTOPYIO-(OpMOBaIM
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proteins in dependence of the content of fat and connec-
tive tissues in the samples;

- to study the effect of animal proteins (pork and beef)
on the physico-chemical and functional-technological in-
dicators (pH, mass fraction of protein, fat, moisture, oxy-
proline; color, water activity, viscosity, moisture binding
capacity) on the model samples of raw minced meat;

- to study the effect of animal proteins (pork and beef)
on the physico-chemical and functional-technological in-
dicators (pH, mass fraction of protein, oxyproline; mois-
ture holding capacity) on the model samples of cooked
minced meat;

- to develop a mathematical model for predicting meat
product quality upon meat raw material replacement with
animal proteins;

- to test the developed model.

Materials and methods

The samples of minced meat with different level of
meat raw material replacement with hydrated animal pro-
teins in the range of 10% to 30% with an increment of 10%
were used as the model minced meat. Hydration of animal
proteins was carried out with the protein: water ratio of
1:10 for beef minced meat and 1:8 for pork minced meat.

The samples of beef and semi-fat pork were used as a
control: control 1 — trimmed beef of top grade with mass
fraction of connective and fat tissues not more than 3%;
control 2 - trimmed beef of the second grade with mass
fraction of connective and fat tissues not more than 20%,
control 3 — trimmed semi-fat pork with mass fraction of fat
and connective tissues not more than 45%. The hydrated
animal protein was added to the experimental samples in
amounts of 10%, 20% and 30% of the meat raw material
mass. Table salt was added to all samples in an amount
of 2.2%. Based on the functional-technological charac-
teristics of meat raw material, water was further added to
all samples: to the control samples in an amount of 25%
and to the experimental samples on the basis of decrease
in the mass fraction of meat raw material. Trimmed meat
raw material with the specified content of fat and connec-
tive tissues was minced in a grinder with 2-6-mm-diam-
eter grinder plates. Then, minced meat raw material was
mixed in a mixer with table salt, water with a temperature
of not higher than 4 °C and preliminary hydrated animal
protein until the homogeneous distribution of all ingredi-
ents. Each of the obtained samples was divided into two
parts: one part was sent for performing the planned experi-
ments; the second was formed and cooked in a water bath
at a heating medium temperature of 75 °C and relative hu-
midity of 100% until reaching a sample core temperature
of 70-72 °C. After thermal treatment, the samples were
cooled until reaching a sample core temperature of 6 °C.
The samples of minced meat subjected to thermal treat-
ment were analyzed after cooling.

The prepared samples (control and experimental) were
sent for determination of the following indicators:

- determination of the physico-chemical characteristics:

- pH value was determined with portable pH meter “Za-
mer” (model 2696) by direct measurement in different
points of a sample;

- mass fraction of total moisture was determined by the
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¥ HOfiBepraiy TePMUIecKoii 06paboTke B BOASHOI OaHe
IIpyU TeMIepaTrype rperomieii cpenbl 75 °C 1 OTHOCUTEND-
HoM BnakHocTy 100% mO mMOCTVDKEHMA TeMIlepaTypbl B
neHtpe obpasma 70-72 °C. Iocnme TemmoBoit 06paboTKM
00pasupl OXIAXKAAIN IO JOCTIDKEHNS TeMIlepaTyphl B
neHTpe obpasua 6 °C. O6pasisl ¢apieli, HOABEPrHYThIE
TEIIOBOI 00pabOoTKe MCCIeNOBaIN ITOCTIe OXTaXK/IEHML.

VsroroBneHHble 00pa31bl (KOHTPOIbHBIE 1 OIBITHBIE)
HaIlpaBJ/IeHbI HA VICIIBITAHME 110 C/IEAYIOIIVM ITOKa3aTe/AM:

- ompepeneHne GU3NKO-XMMUYECKIX XapaKTepUCTHUK:

- BemmunHa pH - ompenensanum nmopraTuBHbIM pH-meTpom
«3amep» (Mogmenp 2696) IpAMBIM U3MEpeHVEM B PasINYHBIX
TOYKax 06pasia;

- MaccoBas o/ 001IelT B/Iary — MeTOOM, OCHOBAaHHBIM
Ha BBICYIIMBaHMU 00Opaslja 1O MOCTOSHHOM MaccChl IpU
105 °C,;

- - MaccoBas o/ 0611ero 6enKa — MeTOOM, OCHOBAaH-
HBIM Ha olpefienieHnu 6enka MetofoM o Kbenpaanio.;

- - MaccoBas Jo/A KMpa — MeTOJOM, OCHOBAaHHBIM Ha
OIpefieNeHnN X1pa MeTofoM 1o COKCTIeTy;

- OKCUIIPONIMH —MEeTO[IOM, OCHOBAaHHBIM Ha BbIfIeIEHUN
OKCUIIPO/IVHA IpU KUCTOTHOM TUAPOINM3e HMPOOBI Ipo-
OYKTa, MPOBENEHMM IIBETHON peakuuu ¢ MpPOJyKTaMu
OKIIC/IeHNs ee ¢ 0Opa3oBaHMeM COeIVMHEHMsI KPAaCHOTO I
M3MepEHUN MHTEHCUBHOCTU OKPACKI;

- KOJUIaT€H ONpeJeNAny pacueTHbIM ITyTeM YMHOXKEHU-
eM MacCOBOJI OV OKCUIIPO/IVHA Ha KO3 UIMEHT Iepe-
cyeta 8,07;

- ompefenieHNe JUHAMUYIECKON BA3SKOCTM OCYIEeCTBIA-
M METOZ,OM, OCHOBAHHBIM Ha OIIPefleIEHUN CUTIBI, TeJCT-
BYIOIIEl Ha eIVHUYHYIO IJIOIAb IOBEPXHOCTH, KOTOPast
IepeMeIaeTcsl C eUHUYIHON CKOPOCTbI0 OTHOCUTEIBHO
APpyToii HOBEPXHOCTY;

- OIpefie/ieHMe  BJIATOCBA3BIBAIOIIEN  CIIOCOOHOCTU
(BCC) n Bnaroymepxmusatomeit crocobnoctu (BYC) -
METOJOM IIPeCCOBAaHMA HaBeCK! IIOJ, Harpy3Koil B 1 KT
U TOC/IeNyIoLleM pacyeTe IO pa3HMIE MacC 10 U IOCIIe
IIpeCOBaHMA U MJIOWAIN BIISYKHOTO IIATHA, ONPefe/IeHHO-
ro mraHnMeTpoM, 1o PIpay n P.Xammy B mopudnxanum
B.Bonosunckoit n b.Kenpman u Beipakanu B % K 061ieit
Macce B/Iar'yl B IPOJYKTe ;

- ompefielieHNe IIBETOBBIX XapaKTEPUCTUK OCYIIECTB-
TAMM Ha KOMIIBIOTEPU3MPOBAHHOM CIIEKTPOKOIOPMMeE-
tpe (CrextpoToH, Poccus). Ilpunnumn paborsr mpubdopa
OCHOBaH Ha OJHOBPEMEHHOM M3MepeHuu Koadduimen-
TOB OTpa)keHMsI 00pa31oB Ha 24 GUKCUPOBAHHBIX AIMHAX
BOJIH, PacIO/IOKeHHBIX Yepe3 13 HM B BUAMMOIL 06macTu
cnextpa ot 380 mo 720 HM, ¢ IOCIeyOWEeN MaTeMaTnde-
CKOIT 00paboTKOI pe3y/lIbTaTOB M3MEepPEeHUsI MMUKPOIPO-
1IeCCOPHBIM KOHTPOJIIEPOM, BCTPOEHHBIM B M3MEPUTE/b-
HbI 6710K. [Ipnbop n3mepser: koopanHatel useta MKO
(1931r.) - X, Y, Z; KOOpAMHATEI IBETHOCTH — X, Y; KOOPAU-
Hatbl iBeTa CIELab (1976 1.) — L (cBeTn0TA), a* (KpacHoTA),
b* (xenTusHa) 1 fpyrue moxasaren.

Pe3ynbrarsl 1 06Cy>KIeHNA

[yt paspaboTKu METOOIOT M IPOTHO3MPOBAHNS Ka-
YecTBa BapeHBIX KOMOACHBIX M3[ennii He0OXOAMMO TIpo-
BeCTU aHAIN3 METO[OB, MCIONb3yeMBbIX /IS PpelIeHMNs
QHAJIOTMYHBIX 3a/ja4 Pa3/IMIHBIMU aBTOPAMI.
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method of specimen drying to the constant mass at 105 °C;

- mass fraction of total protein was determined by the
Kjeldahl method;

- mass fraction of fat was determined by the Soxhlet
method;

- oxyproline was determined by the method based on
oxyproline release at oxidative hydrolysis of a product
specimen, color reaction of the products of its oxidation
with development of a red compound and measurement
of color intensity.

- collagen was determined by the calculative method
multiplying the mass fraction of oxyproline by a conversion
factor of 8.07;

- dynamic viscosity was determined by the method
based on measurement of a force acting on a unit area
of a plane, which moves at a unit velocity with respect to
another plane;

- moisture binding capacity (MBC) and moisture hold-
ing capacity (MBC) were determined by pressing of a spec-
imen under a press of 1 kg and subsequent calculation of
the difference in masses before and after pressing and the
area of wet spot detected by a planimeter according to the
Grau - Hamm filter-paper press method in modification of
Volovinskaya-Kelman and were expressed in percents of
the total moisture of a product;

- determination of the color characteristics was carried
out on the spectrocolorimeter (Spectroton, Russia). The
principle of operation of the apparatus is based on the si-
multaneous detection of the reflection coefficients of sam-
ples on 24 fixed wavelengths located at a distance of 13 nm
in the visible spectrum (380-720 nm) with the subsequent
mathematical processing of the measurement results with
a microprocessor controller, installed into the measure-
ment block. The apparatus measures the CIE XYZ color
space (1931); color coordinates - x, y; CIE 1976 (L*, a*, b*)
color space (L - lightness; a* -redness, b* -yellowness) and
other indicators.

Results and discussions

To develop a methodology for cooked sausage quality pre-
diction, it is necessary to carry out an analysis of the methods
used for solving the similar tasks by different authors.

In designing food products with a complex raw ma-
terial composition, a possibility of modeling the charac-
teristics of a finished product, predicting its quality and
functional-technological properties is of high importance.

At present, the methods of linear experimental statis-
tical programming and the object-oriented approach are
mainly used for designing recipes of multicomponent food
products.

Design of the combined food products is based on the
principle of food combinatorics, which is a process of de-
veloping recipes of new types of products by substantiated
quantitative selection of the main raw material, ingredi-
ents, food and biologically active additives, which combi-
nation ensures the formation of the required organoleptic
and physico-chemical properties of products as well as the
specified level of food, biological and energy values [6,7].

The process of optimization of the recipe composition
is based on the use of the calculative criteria and concepts
proposed by I.A. Rogov, N.N. Lipatov and A.B. Lisitsyn, as
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[Tpn mpoeKTMpOBaHMM NMNIIEBBIX IPOAYKTOB CIOX-
HOTO CBIPBEBOTO COCTaBa HO/IbIIOE 3HAYEHIE VIMEeT BO3-
MO>XHOCTb MOJIeIPOBAHNSA XapaKTePUCTUK TOTOBOTO
IPOAYKTa, IPOTHO3MPOBAHNA €r0 KayecTBa M (YHKINO-
HaJIbHO-TeXHO/IOTMYECKUX CBOVICTB.

B HacTosImee BpeMs /I IPOEKTUPOBAHNS PELIENTYp
MHOTOKOMITOHEHTHBIX INIIEBBIX IPOAYKTOB B OCHOBHOM
UCTIONIb3YIOTCSI METO/BI JIMHEITHOTO, 9KCIIePUMEHTA/IbHO-
CTATUCTUYECKOTO IMPOrPaMMIPOBAHYS U 0O BEKTHO-OPH-
eHTUPOBAHHOTO IIO/IXO/IA.

[TpoexTnpoBaHyne KOMOVMHUPOBAHHBIX HPOAYKTOB
IMUTAaHUA OCHOBAHO Ha INPMHIMIE INIIEBOJ KOMOMHA-
TOPMK, T.€. IPOLECC CO3IAHNSA PELEeNTyp HOBBIX BUJOB
IPOAYKTOB MyTeM OOOCHOBAHHOIO KOJIMYECTBEHHOTO
107100pa OCHOBHOTO ChIPbsi, MHIPEAVNEHTOB, MUIIEBBIX U
6107IOTMYeCK) aKTUBHBIX J0OaBOK, COBOKYITHOCTb KOTO-
pBIX obecneunBaeT GopMMpPOBaHUEe TpeOyeMBbIX OpPraHo-
JIEITUYECKUX, (PUUKO-XVMUYECKUX CBOVICTB IIPOAYKTa,
a TaK)Xe 3a/IaHHBII YPOBEHDb NUIIEBOI, OMOTOTMYeCKOil 1
9HePreTUYeCcKO LIeHHOCTH [6, 7].

[Tpomecc onTMMM3aLMM COCTaBa PELENTYpP OCHOBAH
Ha JVCIIO/Ib30BAHMM PACYETHBIX KPUTEpUeB U MOHATUI,
npennoxxeHublx VLA, PoroseiM, H.H. JIlumaroBbiM u
A.b. JIucunpiHbly, a Takke B paborax 0.A. VBamknna
[0 CTPYKTYpPHO-IApaMeTpUIeCKOMY MOJETMPOBAHUIO U
CTPYKTYPHOJ OIITUMU3AIVY TEXHOTOTMYECKIX CUCTEM.

B mocegHme fecATUIETA B 9TOM HAIlPAaBJIeHUY TaK-
Ke TIPOBOAIMINCH HayYHbIE MICCTIeIOBAHNA.

ITpu pa3paboTKe ONTMMANBHBIX PELEeNTYP MOMTOYHBIX
IPOAYKTOB [8] MOBBILNIEHHON OMOTOTMYECKO LIeHHOCTI
IPUMEHAETCS METOHO/NIOINA IKCIIepUMeHTa/IbHO-CTaTH-
CTMYECKOTO MOJeMPOBAaHNA. MeTO0/MIOr s OCHOBBIBAET-
Cs1 Ha BBIJIe/IEHNM K/IIOYeBOTO Hy TPMEHTA MOJeMMPOBAHNSA
U ONITUMM3ALNM €TI0 Ka4ecTBa.

Carunoit O.B. u I0gunoit C.b. [9] mpennoskena meTo-
[VKa IPOEKTUPOBAHUA PeLENTyp MACHBIX IPOAYKTOB,
BK/TIOYAIOIUX B ceOs TPy 3Tama MOAEIMPOBAHINA: MOfe-
JMpOBaHMEe AMUHOKNC/IOTHOTO COCTaBa IPOEKTUPYeMO-
TO IIPOAYKTA U BBIOOP 3HAYEHWIT, B HAMOOIbIIIEN CTeIIeHN
YZLOB/IETBOPAIOLINX KPUTEPUIO; OL[eHKA XKVPHOKVICIIOTHOTO
CoCTaBa IIPOEKTUPYEMOro IMPOAYKTa; pacueT SHepreTmde-
CKOJI IIeHHOCT! IIPOeKTMPYeMOro INpOAyKTa. B kauecTBe
KpPUTepMs MUCIIONb30BA/IACh KBA/TMMeTpUYecKas MYJIbTH-
IUIMKAaTUBHAS MOJIe/Ib, IO3BOJIAIONIAS CBECTU B OHY (op-
MY OTHOCUTE/IbHbIe KOMIUIEKCHBIE VI TIPOCTbIE eVHIYHbIE
MIOKa3aTe/y Ka4yeCTBa pas/IMYHOrOo XapaKkTepa, obecreunsa-
IOIIVe He3aBUCUMOCTD CBOJICTB KaXKIOTO U3 IOKa3aTesell.
I[Tpouecc MofenMMpoBaHUsA TepOHTONIOINIECKIX IIPOIYKTOB
OCYIIeCTBIIA/ICS. aBTOpaM B 00IIeM Buje IMKIMYeCKIM
aIropuUTMOM, npefnoxeHHbIM JIunatosbim H.H.

B pabore Myparosoit EJ. u gp. [10] ncnonbsyercs
00BEeKTHO-OPUEHTNPOBAHHBIN NOAXOA. OTINYNTENbHON
0COOEHHOCTBIO JJAHHOTO MeTOfa SBJIAETCS IIPefiCTaB-
JIeHMe PeLeNTypbl B BUJie MEPAPXUYECKON CTPYKTYPBL
Kaxkmas m3 BepUIMH MepapXmM4ecKoll CTPYKTYpBI Ipef-
cTaBisgeT o060l 00beKT (TOTOBBII HMPOAYKT, momyda-
Opukar, coipbe). Kakplil ypoBeHb MepapXum COOTBET-
CTBYeT OIpefleJIEHHON CTAafiM/l U3TOTOB/ICHMS INIIEeBOTO
IPOAYKTa I MOXKET VIMETb CBOE, MHAVBYU/[Yya/IbHOE YMCIIO
BEpIINH, PaCcIIOJIO>KEHHBIX HIDKE TI0 MepapXuu. AJITOpUTM
pacyeTa MHOTOKOMIIOHEHTHOTO IIPOAYKTa HAUMHAETCH C
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well as in the works of Yu.A. Ivashkin on the structural-
parametric modeling and structural optimization of tech-
nological systems.

The work in this direction has been also carried out
over the last decades.

In design of the optimal recipes of dairy products [8]
with increased biological value, the methodology of the
experimental statistical modeling is used. The methodol-
ogy is based on the determination of the key nutrient of
modeling and optimization of its quality.

Satina O.V. and Yudina S.B. [9] proposed a methodol-
ogy for designing meat product recipes, which includes
three stages of modeling: modeling of the amino acid com-
position of a product under design and selection of the val-
ues that meet a criterion to the fullest extent possible; as-
sessment of the fatty acid composition of a product under
design; calculation of the energy value of a product under
design. As a criterion, a qualimetric multiplicative model
was used, which allows convolving the relative complex
and simple single quality indicators with different charac-
ters into one form ensuring independence of the proper-
ties of each indicator. The authors performed a process of
modeling of the gerontological products in a general form
with the cyclic algorithm proposed by Lipatov N.N.

Muratova E.I. et al. [10] used the object-oriented ap-
proach in their work. The distinctive characteristic of this
method is presentation of a recipe in a form of a hierarchi-
cal structure. Each peak of a hierarchical structure pres-
ents an object (a finished product, semi-prepared product,
raw material). Each level of a hierarchy corresponds to a
particular stage of food product preparation and can have
its individual number of peaks located down through the
hierarchy. An algorithm of calculating a multicomponent
product begins with calculation of the last level with the
longest branch of a hierarchical structure of calculation.
The main advantage of this approach is a solution to a task
of a multicriteria optimization.

The work [11] on the basis of the mathematical models
and recursive cycle shows the algorithm of modeling poly-
component mixtures that ensure obtaining a necessary set
of options and their composition according to a criterium
of macro- and micronutrient composition.

Bessonova L.I. [12] developed a quality function ac-
cording to consumer preferences, as well as QFD for food
products based on detection of a autocorrelation function
that allows building a predictive model for management of
prospect indicators of technological processes, ready food
products and services.

Therefore, computer design of a recipe composition of
food products is methodically well mastered [8-12], sup-
ported by the mathematical apparatus and information
base, which, as a result, allows obtaining a set of preferable
compositions that meet the formalized requirements.

However, “an optimal recipe” obtained by this means
does not guarantee a transformation during technological
processing into a stable meat system with required organo-
leptic indicators, structural-mechanical properties, yield
and so on. This is conditioned by the fact that individual
components of recipes have quite specific individual and of-
ten mutually exclusive functional-technological properties.

Thus, to predict quality of future products, it is nec-
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pacdera IIOC/IeHETO YPOBHA ¢ Haubojee JIMHHON BETBU
MepapXu4ecKoil CTPyKTypbl pacdera. OCHOBHBIM JIOCTO-
VMHCTBOM [JAaHHOTO IIOfIXOZa ABJIAETCS pelIeHNe 3ajadn
MHOTOKPUTEPHATbHO ONTYMU3ALUIL.

B pa6orte [11] Ha 6a3e MaTeMaTHYeCKUX MOJENeEN U pe-
KYPCUBHOTO LMKJIA IOKa3aH a/JITOPUTM MOJENINPOBAHNA
MO/IMKOMITOHEHTHBIX cMeceil, 00ecIedrBaoIX MoTyde-
HJle HeoOXOMMOro Habopa BapMaHTOB U MX COCTaBa II0
KPUTEPUIO MaKpO- I MUKPOHYTPUEHTHOTO COCTaBa.

becconosoit JI.JL. [12] pazpaboTana GpyHKIMS KadecTBa
B COOTBETCTBUU C IIOTPEONUTETbCKUMIY NPEANOYTEHIAMI,
a Tarxoke COK /141 nuIeBbIX TPOAYKTOB, OCHOBAaHHYIO Ha
OIIpefie/IeHNN aBTOKOPPEIALVOHHON (QYHKI[UY, TI03BOJIA-
IOLIMIT IIOCTPONUTD IIPOTHO3HYIO MOJIE/Tb YIIPAaB/IeHNA IIep-
CIIEKTVBHBIMM IOKa3aTe/IAMI TEXHOJIOTMYECKIX IIPoLec-
COB, TOTOBBIX MUIIEBBIX IPOLYKTOB U YCITYT.

Taxum 06pa3oM, KOMIIBIOTepHOE IIPOEKTUPOBAHNE pe-
L[ENTYPHOTO COCTaBa MUIIEBBIX IPOAYKTOB METOANYECKN
XOpoIIO 0CBOeH [8-12], MOmKpervieH MaTeMaTu4yeCKUM
anmaparoM 1 MHGOPMAIOHHOI 6301, YTO MTO3BOMISET B
pesynbTaTe MPOEKTUPOBAHMA HOMTyYaTh HAOOp Mpennoy-
TUTE/IbHBIX KOMIIO3MIUII, Y/IOBIETBOPAIOMNX (POpMam-
30BaHHBIM TPeOOBaHMAM.

Opnako, Moy4eHHas TakKuM 00pa3oM «ONTUMaIbHAsSA
pelienTypa» He rapaHTUpPYeT IpeBpalleHNsA B Ipolecce
TEXHOJIOTMYECKOIT 00PaOOTKY B YCTONYMBYIO MACHYIO CH-
CTeMy ¢ TpeOyeMBbIMY OPTaHOMeNITNYeCKIIMI TI0Ka3aTess-
MM, CTPYKTYPHO-MeXaHIYEeCKVMU CBOJICTBAMM, BHIXO/IOM
U T.Ji. DTO 0OYCIOB/ICHO TeM, YTO OT/e/IbHbIe KOMIIOHEHTBI
pelLienTyp 061aaloT BIIOJIHE OIIpefieleHHBIMI MHAVBULY-
QJIPHBIMM M 9aCTO — B3aMMOVCK/TIOYAIOMIUMY (YHKIIVO-
HaJIbHO-TE€XHO/IOTMYEeCKUMIY CBOMICTBAMIL.

[TosToMy AjIsi IPOTHO3MPOBAHMS KadecTBa Oymyleit
IpOAYKINM HeOOXOAUMO pacrmonaratb nHpopMmanyen He
TOJIBKO O XMMIYECKOM COCTaBe U 61OTOrn4IecKoit IieHHO-
CTV OT/E/IbHBIX KOMIIOHEHTOB peLeNTyp, HO M JaHHBIMI
0 (aKTHYeCKMX 3HAYEHUAX (PYHKIVOHATBHO-TEXHOJO-
TUYECKVX CBOVICTB OCHOBHOTO CHIPbsI, BCIOMOTATe/IbHBIX
VHTPEIVeHTOB, KMHEeTIKe IPOTeKaHUA OMOXUMIYECKUX 1
KOJUIOV/IHBIX IIPOIIECCOB B MHOTOKOMIIOHEHTHBIX MMIIe-
BBIX CMCTEMaX, AaHA/IUTUYECKMMU ¥ SMIUPUIECKUMI 3a-
BUCHMOCTSIMY, XapaKTepU3YIOUIVIMII OCHOBHBIE 3aKOHO-
MEPHOCTH ITOBEfIeHNsI TeTePOTeHHBIX AVICIePCHBIX CHCTEM
IpY BapbUpPOBaHNN PU3UKO-XUMIYECKUX PaKTOpoB [7].

B 5TOM HarpaB/IeHNN OIIpeie/IeHHbI MHTepeC IPeCTaB-
JIAI0T paboThl [13-14], B KOTOPBIX ONMICBHIBACTCS PelIeHNe 3a-
a4yl ONTUMM3AIVY PELeNTYpPhbl ¢ YIeTOM PeOIOTMYeCcKIX
nokasarerneli, Takux Kak BYC, JKYC, BCC, pH. B xauectBe
11e71eBOIT QYHKIMY BBIOpAH KpUTepUii MUHIMATIBLHOI cebe-
CTOMIMOCTYI MHOTOKOMIIOHEHTHOTO IIPOAYKTA.

B paborax psiga aBropos [15-17] paccmarpuBaeTcs 3a-
laya MMMUTAI[MIOHHOTO MOJIeIMPOBAHNSA B3aUMOMIEVICTBIUA
HOMY/IALMIT MUKPOOPTaHM3MOB, KaK CPeCTBO AMArHO-
CTMPOBAHNUA U IPOTHO3MPOBAHNSA Pa3BUTHUSA MUKPOOMO-
1IeH030B. Perlenne 3Toi1 3a/jauy O3BOJIAET peann3oBaThb
OIlepaTVBHOE YIpaB/IeHMe IpolieccaM IPON3BOACTBA 1
ONTUMM3ALMNIO TEXHOTIOTMYECKNX ITapaMeTPOB B peXXuMe
PeaIbHOTO BpPEMEHN, a TaKKe OTKPBIBaeT BO3MOXXHOCTH
K CO3/IaHUIO CUCTE€M aBTOMATU3VPOBAHHOTO IPOEKTUPO-
BaHNA IITAMMOB MUKPOOPTaHM3MOB C L[e/IbI0 OTyYeHNs
IPOAYKTOB C 3aIaHHBIMY CBOJICTBAMIL.
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essary to have information not only about the chemical
composition and biological value of individual recipe com-
ponents, but also the data on the actual values of the func-
tional-technological properties of the main raw material,
auxiliary ingredients, kinetics of biochemical and colloid
processes in the multicomponent food systems, analytical
and empirical dependences that characterize the regulari-
ties of the behavior of the heterogeneous disperse systems
upon variation of physico-chemical factors [7].

In this regard, the works [13-14], which describe a so-
lution to the task of a recipe optimization with consider-
ation for the rheological indicators such as MHC, FHC,
MBC and pH are of particular interest. The criterion of the
minimal cost of a multicomponent product was chosen as
a target function.

The works of several authors [15-17] examine the task of
the simulation modeling of the interaction of microorgan-
ism populations as a means of diagnostics and prediction
of microbiocenosis development. Solving this task enables
realization of the operative management of production
processes and optimization of technological parameters in
the real time regime, and also opens a possibility to develop
systems of the automated design of microorganism strains
with the aim to obtain products with specified properties.

The work [18] examines a computer-based safety and
quality assurance system for raw air-dried sausages. The
developed system is intended for creation of a bank of
simulation models that makes it possible to analyze and
predict the results of the processes of air-dried sausage
production and detect the optimal management effects on
a studied object.

An analysis of the literature sources shows that design-
ing multicomponent food products is largely carried out
by the criteria of food, biological and energy value without
consideration for the functional-technological indicators
and structural-mechanical properties. The issues of pre-
diction are mainly examined on the fermented meat prod-
ucts (uncooked smoked and air-dried sausages).

Based on the foregoing, it is interesting to obtain
simulation models for predicting results of the processes
of cooked sausage production, create a bank of models
and develop a software. To this end, it is necessary to
obtain a statistical material with its further processing
for investigation of the real technologies used in the
conditions of the informational uncertainty caused
by various factors of the informational and physical
character (uncertainty of the characteristics of food raw
material, used means of processing and control, target
criteria of management and so on).

The most important requirement according to the In-
ternational standards of the ISO 9000 family is an active
use of the statistical methods for decision making at all
stages of a product life cycle.

The prominent specialist in the field of quality manage-
ment K. Ishikawa [19, 20] stated that the statistical meth-
ods were precisely the means that were necessary to study
for implementation of quality control.

An analysis of the obtained data on this stage of the in-
vestigation was carried out by the methods of the corre-
lation-regression analysis [21] for obtaining the stochastic
dependences forming a bank of the mathematical models
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B pabore [18] paccMaTpuBaeTcss KOMIbIOTEpHAs CUCTe-
Ma obecrieyeHne KayecTBa 1 6€30IacCHOCTH ChIPOBSIIEHBIX
konbac PaspaboraHHas crucTeMa IpegHa3HauYeHa IJIA CO-
3maHusl OaHKa VMUTAIVOHHBIX MOJIENEl, MO3BOISIOLNX
aHA/IM3MPOBATD U IPOTHO3MPOBATDH PE3y/IbTATHI MPOLiec-
COB IIPOM3BOJICTBA CBIPOBSIIEHBIX KOMOACHBIX U3JENNIT U
OIlpefie/IATh ONTMMA/IbHbIE YIIpaB/IeHYeCKUe BO3JENCT-
BUISL HA MICCTIENYEeMBIIT OOBEKT.

AHanus MUTepaTypPHBIX UCTOYHNMKOB MOKA3aJ, YTO
B OCHOBHOM IPOEKTUPOBaHME MHOTOKOMIIOHEHTHBIX
HPOAYKTOB MUTAHNA OCYLIECTB/IACTCA IO KPUTEPUAM
MAIEBO, OUMOMOTUYECKON ¥ 9HEePreTHYecKOol ILeH-
HOCTU 0e3 ydyeTa (PYHKIMOHAIbHO-TEXHOTOIMYECKIX
IoKas3aTesell ¥ CTPYKTYPHO-MeXaHNYEeCKUX CBOJCTB.
Bompocsl mporHo3upoBaHus B OCHOBHOM paccMoOTpe-
HbI Ha GepMEHTUPOBAHHBIX MICHBIX U3TeNUsIX (ChIPO-
KOITYEHBIX M CHIPOBSIIEHBIX Konbacax).

Ha ocHOBaHMM BBIIIEN3TOKEHHOTO MpPeCTABIISIET
UHTepec MOy4YeHNe UMUTALMOHHBIX MOJie/Iell IPOTHO-
3MPOBAHMS Pe3yIbTaTOB IPOLIECCOB IIPOU3BOJCTBA Ba-
peHBbIX Konbac, co3ganme 6aHKa Mojiesiell 1 pa3paboTKu
IporpaMMHOTO obecrederus. [Ijist 9TOro He0OXOAUMO
HOJTYYUTDb CTAaTUCTUYECKUI MaTepuasl ¢ MOC/Iefyomeit
ero 06paboTKOI [/Is VICCIeSOBAHNS PeaNbHbIX TEXHO-
JIOTUI, EVICTBYIOIMNX B YCAOBUAX MH(POPMAILMOHHON
HeOIIpefleIeHHOCTN, OOYCIOBJIEHHON  pas3INYHBIMU
¢daxTopamu MHPOPMALMOHHOTO ¥ PU3NIECKOTO XapaK-
Tepa (HeOIpeLeNeHHOCTh XapaKTEPUCTUK MUIIEBOTO
CBIPbs, IPUMEHSIEMBIX CPEJCTB BO3JIEMCTBUSA U KOHTP-
0714, IIeJIeBBIX KpUTEPUEB YIIPABICHNS U T.J.).

BaxxneimumM Tpe6oBaHMEM, COITacHO MeXayHa-
ponubiM cta"papraM cepun VICO 9000 saBnsercs ax-
TUBHOE MCIONIb30BaHMe CTATUCTUIECKIX METOMIOB TSI
NPUHATHS PellleHUI Ha BCeX ITamax XM3HEHHOTO LII-
KJIa IPOJAYKLNI.

KpynHeitmmit cnenuanuct B 06/1acTu yIpaBIeHN
kadectBoM K. Vcukasa [19, 20] roBopun: «MeTofpl cTa-
TUCTUKU — UMEHHO TO CPefICTBO, KOTOPO€e HeOOXOUMO
U3YYUTh, YTOOBI BHEJPUTD YIIPAB/IEeHNE KAYeCTBOM».

AHanu3 IONyYeHHBIX NAHHBIX Ha JaHHOM JTale
UCCIeJOBAHNI OCYIIECTB/IA/ICSA METOJAaMU KOpeJIi-
I[MIOHO-PeTPeCCUOHHOr0 aHanumsa [21] ama momydyeHus
CTOXAaCTUYECKUX 3aBUCUMOCTEN, GOopMUPYIOIINX OaHK
MaTeMaTUYeCKNX MOJeNel, IO3BOMANIINIL peannso-
BaTh TI000J1 BapMaHT 3aMeHbl MSCHOTO CBIPbsI KMBOT-
HbIMU OenkaMy (CBMHBIMU U TOBSDKBMMH) B paMKax
VMMUTAIMIOHHOTO 9KCIIEPMMEHTa C Y4YeTOM peajbHOIl
TeXHOJIOTMYECKOJI CUTYyallY B IPOM3BOACTBE BAPEHBIX
Konbac.

Kak BugHO u3 THCTOTpPAaMM C TpPyIIUPOBKOIL
(puc. 1, 2), npuMeHsAeMOIl A1 CpaBHEHM 3HAYEHUII IO
HECKONBKUM KaTeropusiM, BUJHO OTIMYME OMBITHBIX
00pasIoB OT KOHTPO/IA. AHA/IN3 MOTYYEeHHBIX Pe3y/b-
TAaTOB IIOKa3bIBaeT, YTO 3aMeHa Msca IUAPATUPOBaH-
HBIM TOBSDKBVM XMBOTHBIM 0€/IKOM B KonmudecTBe 10 u
20% B 06pasiax, BbIpabOTaHHBIX HA OCHOBE TOBSIIVHBI
>KMJIOBAHHOJ BBICIIET0 COPTA MPUBOJUT K CHUYKEHUIO
o61rero 6enKa 1Mo CpaBHEHMIO C KOHTPOIBHBIMU 00pas-
maMu Ha 3-8%. 3aMeHa Msca TOBSXKbUM >KMBOTHBIM
6enkom B kommuectBe 30% CHMXKaeT cComep>KaHue
6enka Ha 13%. Takas >xe TeHJeHIUA HAOMIOACTCA U Y
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that allow realization of any options for replacement of
meat raw material with animal proteins (pork and beef)
in the framework of a simulation experiment using a real
technological situation in cooked sausage production.

As can be seen from the histograms with grouping
(Fig. 1, 2) used for comparison of the values by several
categories, a difference of the experimental samples from
the control is obvious. An analysis of the obtained results
demonstrated that replacement of meat with the hydrated
beef protein in amounts of 10% and 20% in the samples
produced on the basis of trimmed beef of top grade led to
a decrease in total protein by 3-8% compared to the con-
trol samples. Replacement of meat with beef protein in an
amount of 30% reduced the content of protein by 13%. The
same trend was also observed in the samples produced
with trimmed beef of the 2nd grade. Replacement of 10
and 20% of meat with beef protein decreased total protein
by 3-10%, respectively; and replacement of 30% of meat
raw material reduced total protein by 19%.

In the samples produced on the basis of semi-fat
trimmed pork, replacement of meat with animal protein
in amounts of 10, 20 and 30% led to a decrease in protein
by 7, 8 and 12%, respectively.

With an increase in the dose of the hydrated beef pro-
tein, the moisture content increased and the content of to-
tal protein and fat decreased in the experimental samples
compared to the control.

Addition of the hydrated pork protein in amounts of 10,
20 and 30% led to an increase in collagen in all samples and
a decrease in total protein compared to the control sample.

In the samples produced from trimmed beef of top
grade, a decrease in total protein was 6, 9 and 10%, and in
the samples produced from trimmed beef of the 2nd grade,
a decrease in total protein was 11, 15 and 19%.

Reduction of protein in the samples produced from
semi-fat pork was 7, 13 and 14%, respectively.

In the experimental samples produced with the hydrat-
ed animal proteins, a decrease in protein and fat was ob-
served as their dose increased; it was especially noticeable
in the samples produced from fattier raw material, such as
trimmed beef of the 2nd grade and semi-fat trimmed pork.

Determination of the mass fraction of collagen in the
analyzed samples showed that upon increasing a dose of
animal protein incorporation, an increase in the collagen
content was recorded, which was predictable since it is the
main protein of animal proteins. This, undoubtedly, was
conditioned by a composition of raw material, from which
animal proteins were obtained.

The obtained experimental data showed that the col-
lagen content in the samples produced from semi-fat
trimmed pork was noticeably lower than in the beef sam-
ples, which can be explained by the difference in the amino
acid composition of pork and beef.

As a result of processing of the experimental data by
the methods of the correlation and regression analysis,
the linear relationship of the type y=b+ax was established
between the percentage of meat raw material replacement
with animal protein (beef or pork) and the physico-chem-
ical indicators of minced meat (Table 1).

The quality of finished meat products directly depends
on minced meat quality. An analysis of the experimental
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Fig. 1 - Dynamics of the changes in the chemical composition of the experimental model system by the example of trimmed beef of top grade
(control sample 1)
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(koHTpOMBHBII 06paserr 1)
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Fig. 2 - Dynamics of the changes in the chemical composition of the experimental model system by the example of trimmed semi-fat pork
(control sample 3)

Puc. 2 - JluHamuka M3MeHEeHMs XUMNYECKOTO COCTaBa OIbBITHBIX MOJE/NbHBIX CUCTEM Ha [PUMepe CBUHMUHbI XKMIOBAHOI HOMY)XUPHOI
(koHTpOMTBHBIN 06paser 3)
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06pasiioB BbIPAaOOTAHHBIX C TOBSIAVHOI XXMIOBAHHO
2 copra. 3ameHa 10 u 20% MsAca rOBSI)KbUM >KUBOTHBIM
0enKOM CHIDKaeT 00Init 6elT0K COOTBETCTBEHHO Ha
3-10%, a 3ameHa 30% MsCHOTO CBIPbsI CHIDKAeT 00N
6emox Ha 19%.

B o6pasuax, BbIpabOTaHHBIX HA OCHOBE HOMYXMPHOII
JKIJIOBAHHOJ CBUHVHBI, 3aMeHa MACA XIBOTHBIM 0€IKOM
B Komdectse 10, 20, 30% NpUBOAUT K CHIDKEHUIO Oenka,
COOTBETCTBEHHO, Ha 7, 8, 12%.

C yBenu4eHneM 103bl TUAPATUPOBAHHOTO KMBOTHOTO
TOBSDKbETo Oe/IKa YBeIMYMBAETCSA COAepKaHMe BJIaTy 1
CHIDKeHMe o061jero 6eka 1 >KMpa B ONBITHBIX 0Opasiax
10 CPAaBHEHMIO C KOHTPOJIbHBIMI 00Opa3LiaMIL.

JobaBneHne rUApaTMPOBAHHOIO XMBOTHOTO CBIHOTO
6enka B komndectse 10, 20, 30% BefeT K yBeIMYEHNIO KOJI-
JlareHa BO BCeX 00pasljax 1 CHIDKEHMIo 0011ero 6enka 1o
CPaBHEHUIO C KOHTPOJIbHBIM 00pasIioM.

Y 06pasnoB, BBIpAaOOTaHHBIX 13 TOBAVHBI XKXVIOBAH-
HOJ1 BBICILIETO COPTa CHIDKeHNe 0011[ero 6eKa coCcTaBsieT
6,9,10%, a y 06pas1ioB, BBIpaOOTaHHBIX 13 TOBSJVIHBI XKI-
JIOBAaHHOIT 2 COpTa CHIDKeHMe 00111ero 6enka coCTaBIsieT
COOTBETCTBEHHO 11, 15, 19%.

CHimxeHne 6enka B 06pasiiax, BBIpaOOTaHHBIX 13 CBYHU-
HbI TIO/TYKUPHOM, COCTaB/IAET COOTBETCTBEHHO 7, 13 11 14%.

B ombITHBIX 06pasijax, BRIPaOOTAHHBIX C TUAPATUPO-
BaHHBIMU >KMBOTHBIMU OelIKaMmy, 10 Mepe YBeIMIeHMNs
VX 03Bl HAOMIOAaeTCA CHIDKEHME He TOJIbKO OefKa, HO 1
JKUPa, 0COOEHHO 3TO 3aMeTHO Ha 00pasIiax, BeIpabOTaH-
HBIX U3 607Iee KMPHOTO CBIPbsI, TAKOTO KaK TOBSAMHA KM~
JIOBaHHaA 2 COpTa M CBMHIHA )XMIOBaHHaA MOMY>KMPHas.

Onpenenenne MaccoBoli JOMN KO/UIaT€HA B MCCIENye-
MBIX 00pasIjax M0Ka3ajo, YTO IIPY YBe/TNYeHN BHECEHNA
JKMBOTHOTO 0€/IKa OTMeYaeTCsl yBeMTuueHne COfepKaHus
KOJI/IareHa B 00pas1ax, 4To SIB/AETCS MPOTHO3UPYEMBbIM,
MOCKO/IbKY VIMEHHO OH SIBJISIETCSI OCHOBHBIM 0@/IKOM XK~
BOTHBIX 0e/KOB. UTO, KOHEYHO, OOYC/IOBIEHO COCTABOM
CBIPbsI, 13 KOTOPOTO IIPOU3BOASITCS XMBOTHbIE OETKIL.

ITomy4yeHHbBIE 9KCIIEpMMEHTATbHbIE PE3Y/IbTaThl IIOKa-
3a/, 4TO COflepXKaHMe KojUIareHa B obpasiiax, BbIpabo-
TaHHDBIX M3 CBMHIHDI )KMIOBAHHOII IIOTY>KMPHOI 3aMETHO
HIDKe, 4eM Y 00pasIioB, BBIPAOOTAHHBIX U3 TOBAAVHBI, YTO
O0OBACHAETCS pa3nnyuueM B aMMHOKVUCIOTHOM COCTaBe
CBUHUHDI VI TOBSAIVHBL.

data on the chemical composition and their mathemati-
cal processing made it possible to reveal the linear depen-
dence (Table 1), which reflected the closeness and depth of
the relationship with the percentage of meat raw material
replacement with animal proteins as the paired correlation
coeflicient, which was close by a module to 1, indicated a
strong linear relationship between the resultant and factor
variables.

Moisture binding capacity (MBC) of meat raw material
is of high practical importance; it significantly influences
such quality characteristics of finished meat products as
consistency, storage stability and yield of finished products.

Moisture binding capacity is one of the most impor-
tant indicators of raw sausage meat for cooked sausage
products. As a result of the physico-chemical and colloid-
chemical changes, which occur during the process of
thermal treatment, a part of water and fat bound in raw
sausage meat separates in a form of mass loss or broth-fat
purge. An amount of moisture and fat held in minced meat
characterizes the moisture holding (MHC) and fat hold-
ing (FHC) capacities; that is, the higher cooking losses, the
lower the moisture holding capacity of minced meat.

Moisture binding capacity (MBC) depends not only on
the total protein content, but also on its quality; with that,
it is necessary to take into account an amount of fat. With
an increase in fat mass, MBC reduces. In this connection,
moisture binding capacity of the samples produced from
trimmed beef of top grade is higher than in the samples
produced from pork.

When animal proteins in the hydrated form were incor-
porated into minced beef in amounts of 10 and 20%, MBC
of these samples was at the same level as in the control
(75-78%); however, when the mass fraction of the incorpo-
rated proteins increased up to 30%, MBC reduced by 2% in
contrast to the control sample.

When animal proteins in the hydrated form were in-
corporated into minced pork, MBC in the experimental
samples was 57-58% when comparing them between each
other and the control.

Moisture holding capacity (MHC) of minced meat
has lower values compared to moisture binding capacity
(MBC) as proteins denature during thermal treatment,
which leads to loss of part of moisture. The MHC values of

Table 1 Values of the paired correlation coefficients and regression equation
Taémuma 3. JKupHOKMCIOTHBIIT COCTaB MaceyI, BXOAAIIMX B COCTAaB UCCIELYEMBIX IIPOTYKTOB

Physico-chemical indicators

Trimmed beef of top grade | ToBsanna )itoBaHHas BBICIIET0 COPTA

OuU3NKO-XNMIYeCKIe
IMoKasaTrenn

Beef protein | ToBsnxumit 6emox

Pork protein | CBuHoi Germox

Moisture | Brara

r=0.971; y=79.7+0.07x

1=0.955; y=79.67+0.065x

Fat | Kup

r=-0.866; y=2.13+0.005x

r=-1; y=2.4+0.01x

Protein | Bemox

r=-1; y=16.6+0.08x

r=-0.971; y=15.6+0.035x

Collagen | Konnaren

1=0.989; y=0.7+0.0415x

r=0.972; y=0.94+0.0275x

Trimmed semi-fat pork | CBuHMHA )X1TOBaHHAsI MOy KUPHAs

Moisture | Brara

1=0.97; y=59.13+0.355x

r=1; y=64.7+0.17x

Fat | JKup

r=-0.976; y=25.73+0.295x

r=-0.931; y=21.07+0.125x

Protein | Bemox

r=-0.933; y=11.37+0.03x

r=-0.918; y=11.5+0.04x

Collagen | Konnaren

1r=0.999; y=0.72+0.021x

1=0.999; y=0.63+0.0135x
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B pesynbraTe 00pabOTKM 3KCIIEPUMEHTAIbHBIX JjaH-
HBIX METOJjaMMl KOPPesALMOHHO-PerPecCMOHHOIO aHa-
nu3a ObUIa YCTAHOBJ/IEHA IIPSIMOJIMHENHAs B3aMMOCBA3b
BufIa y=b+ax Me>XJy IPOLEHTOM 3aMeHBI MACHOTO ChIPbs
>KMBOTHBIM 0€/TKOM (TOBSDKBMM WM CBUHBIM) M QUBKUKO-
XMMMYeCKMMH TIOKa3arenssMu MscHoro dapiia (tabi. 1).

KauecTBO TOTOBBIX NPOAYKTOB HAaXOAWUTCA B Ips-
MOJI 3aBUCUMOCTH OT KadyecTBa MsCHOTO dapuia. AHa-
N3 3KCHePMMEHTA/NbHBIX NAHHBIX II0 XMMWYECKOMY
COCTaBy U UX MareMarumdeckas o6paboTKa MO3BONU-
NIV BBIABUTD HMPSAMONNHENHYIO 3aBUCUMOCTD (Tabi. 1),
KOTOpasi OTpa)kaeT TECHOTY U IIYOUHY CBA3M MEXJY
MPOIL[EHTOM 3aMeHBbl MSICHOTO CBHIPbsI )KUBOTHBIMU OeJI-
KaM#, Tak Kak KoobduiuueHT mapHOV KOppensauuu
O6MM3KMIT IO MOAYMIO K 1 CBUIETE/IBCTBYET O CUIBHO
NVHEHON CBA3YM MEXJy pe3ylIbTUpyRmMUMu u (ax-
TOPHBIMU TepeMEeHHBIMMU.

Bonpiioe mpakTuieckoe 3Ha4yeHMe IMeeT BIaroCcBsi-
3piBatomas crocobHoctb (BCC) MsCHOTO CHIpbs, OHA
OKa3bIBaeT CYI[eCTBEHHOE B/IMAHIME Ha TaKue KadecT-
BeHHbIE XapaKTePUCTUKN TOTOBBIX MSCHBIX U3JENTUI,
KaK KOHCUCTEHUNS, YCTOWYMBOCTD IIPY XPaHEHNUM, a
TAK>Ke BBIXOJ] TOTOBOI NPOJAYKIUNL.

BrarocssispiBaomas CiocOOHOCTD SABIAETCS OTHUM
U3 BaXKHeIINX MOKa3areyeil cbporo apiia BapeHbIX
Ko/nOacHBIX u3fenuit. B pesynpraTe mpoucxopsmmx B
mpolecce TepMUUYECKO 06paboTKM (PU3NKO-XUMU-
YeCKMX, KO/UIOUJHO-XMMUYIECKUX M3MEHEHMII 4YacTb
BOJIBI U JKMPa, CBSI3aHHBIE B CBIPOM dapiiie OTHeNTI0TCS
B BIJIe IOT€Pb MACChI MM B BYUie OY/IbOHHO->KMPOBBIX
oTexkoB. KommyecTBo ypep>KaHHBIX B cocTaBe ¢apiia
BJIATU ¥ JKMpa XapaKTepusyeT BaroyjepKuparomas
(BYC) u xupoynepxxupawomas (JKYC) crnocobnoctu,
T.€., 4eM 0OJblile TepMUYECKNE TIOTEPYU, TEM MeEHbIIe
BJIaTrOyAep>KMBalollasi CIoco6HOCTh dapiira.

BrarocssssiBatomiast crioco6uocts (BCC) o6pasijos
3aBMCUT HE TOMBKO OT OOIero comepxanus Oenka, HO U
OT ero KauecTBa, IIPM 9TOM TaKKe HeOOXOAUMO YUMTBI-
BaTb KO/MM4ecTBO Xupa. C yBeIMYeHMeM MacChl XXUpa
BCC cHmxaeTcs, B CBA3K € 9TUM Y 00pasIioB, BeIpabo-
TaHHBIX U3 TOBSIIVMHBI XMIOBAHHON BBICIIETO COPTa OHA
BBIIIIE, YeM Y 00pasIioB, BbIPAa0OTAaHHBIX 113 CBYHIHBL

[Ipu BHeceHMM B roBsDKMIT Gapir KUBOTHBIX Oer-
KOB B TU/IpPaTUPOBAHHOM Bujie B Konndectse 10 u 20%
BJIATOCBA3bIBAOIAsl CIIOCOOHOCTD B 9TUX 0bOpasiax B
CpaBHEHUN C KOHTPOIbHBIM 00pasiioM ObIIa Ha OTHOM
ypOBHe U cocTaBnAna 75-78%, OfHAKO IpU yBenuye-
HUM MacCOBOM HOIU BHOCUMBIX 6enKoB 1o 30% cHu-
>Kanmach Ha 2% B OT/IMYME OT KOHTPOJIBHOTO 0Opasia.

[Tpu BHeceHUNM B CBMHOI (apIil 5KUBOTHBIX OETKOB B
TU/IPaTUPOBAHHOM BUJie BJIarOCBSI3bIBAIOLIAsI CIOCO6-
HOCTb B OIIBITHBIX 00pasllax B CPAaBHEHMM MEXAY CO-
60if 1 C KOHTPOJIBHBIM 00pa3IOM CcOCTaBIsANa 57-58%.

BnaroymepxuBatomas crnocobnocts (BYC) dap-
ureit uMeeT 6o0ee HU3KME 3HAYEHUs IO CPAaBHEHMUIO C
BrarocBasbiBaouiein crocooHoctprio (BCC), Tak Kak
6enKku mpy TennaoBoil 06paboTKe AEHATYPUPYIOT, YTO
NPpUBOJUT K MOTepe JacTy Binaru. 3HavyeHusa BYC Bcex
UCcefyeMbIXx 06pasnoB ObUIM Ha 7-9% HIDKe 3Hade-
HMII MX BJIarOCBs3bIBamIleit crmocobHocTu. Ilotepu
PV TePMUUYECKOIT 06paboTKM MCCIeayeMbIX 06pa3LoB
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all tested samples were 7-9% lower than the MBC values.
Cooking losses in the tested control and experimental sam-
ples with the hydrated animal protein content in amounts
0f 10 and 20% were at the same level and were equal to 10%;
upon increasing the hydrated protein level up to 30%, the
losses increased by 2%.

To establish the maximum allowable level of meat raw
material replacement with animal proteins, the princi-
ple [22] was taken into account, which ensures high func-
tional properties of minced meat (moisture and fat hold-
ing capacities). The principle is based on the fact that the
highest binding of water in a mixture can be achieved at
the specific fat:protein ratio, and the highest holding of fat
at the specific moisture:protein ratio. Distortion of these
ratios leads to the irrational use of protein.

The emulsifying capacity of protein is restricted; thus,
the most optimal fat:protein ratio in homogenized minced
meat is a range from 0.6:1.0 to 0.8:1.0. In the national prac-
tice, the optimal protein:fat:water ratio is considered to be
at a level of 1:0.8:(3+5).

The control of a muscle protein content in an emulsion
is the main prerequisite for producing stable meat systems.
A high content of total protein (both muscle and connec-
tive tissue) does not indicate a high level of the potential
emulsifying capacity, as collagen in the native form does
not take part in the process of fat absorption, emulsifica-
tion and stabilization of emulsions. These functions are ac-
complished by muscle proteins.

As a result of the mathematical processing, it was es-
tablished that the maximum allowable level of meat raw
material replacement was 18% for beef and 22% for pork.

One of the main organoleptic characteristics is a prod-
uct color. The color characteristics were determined for the
instrumental evaluation of changes in minced meat color
upon incorporation of animal proteins. Table 2 presents
the indicators of color characteristics.

As can be seen from table 2, replacement of meat
with 10% of the hydrated animal proteins (both beef
and pork) in samples No. 1 led to an increase in light-
ness (L: 45.04 and 44.21) and an insignificant decrease
in redness (a: 13.97 and 13.62) compared to the control
and the value of yellowness remained at the level of the
control sample.

Samples No 2 (both with beef and pork) showed a sig-
nificant decrease in redness and insignificant decrease in
yellowness; while the value of lightness increased.

A sharp decrease in redness (a: 9.87 and 9.31) was
observed in samples No.3 produced with 30% of hy-
drated animal proteins; while lightness and yellow-
ness significantly increased compared to the control and
experimental samples.

The obtained results of the instrumental investiga-
tion of minced meat color showed that incorporation of
the hydrated animal proteins in an amount of up to 10%
decreased redness by 3%, which was undetectable in
organoleptic assessment.

According to the experimental data, the adequate mod-
els were built for the changes in mass fraction of moisture,
fat, protein and collagen (Table 1) in replacement of meat
raw material with animal proteins (beef and pork). The
diagrams for several models are presented in Fig. 3.



2016 | N?1 TEOPUSI U NPAKTUKA NEPEPAGOTKWU MSICA

Yy KOHTPOJIbHBIX U ONBITHBIX 00Pa3L0B ¢ coflep>KaHNeM
TUPATUPOBAHHOTO XMBOTHOTO Oe/lKa B KOIMYEeCTBAX
10 n 20% OblIM Ha OXHOM ypoBHe M coctaBunu 10%,
IpM yBeIMYEHUM TUApaTUpPOBAaHHOrO Oenka o 30%
HOTEepY YBeMMYIMBAIUCHh Ha 2%.

[l1s1 ycTaHOB/IEHNS TIpefieIbHO JOIYCTUMOTO YPOB-
Hs 3aMeHBl MSCHOTO CbhIPbsl JKMBOTHBIMU OelKaMu
ObUT yuTeH nmpuHUKI [22], obecreuynBarommil BHICOKIE
(dyHKI[MOHA/IbHBIE CBOJICTBA MACHOTO (apura (Baaro- un
KUPOYAepKUBaoIas cnocobHocts). I[IpuHIMI OCHO-
BBIBAETCs Ha TOM, YTO HaMOOJIbIIETO CBA3bIBAHMSA BOIbI
B CMeCU MOXXHO JOCTUYb IPU OIPee/IeHHOM COOTHO-
HIeHMM XUP : 610K, a HanbOIbIIETO yAep)KaHus XK1pa
— TpU OIpefileIeHHOM COOTHOLIEHMM Brara : Oenox.
HapymeHne sTUX COOTHOIIEHNII IPUBOAUT K HepaIu-
OHAJIbHOMY MCIIO/Ib30BaHUIO OesKa.

OMynbprupymomas CIocoOHOCTb OenKka oOrpaHuye-
Ha, [I09TOMY Hambojiee PaIVIOHATbHBIM COOTHOLIEHVEM
XUP:0€7IOK B TOMOT€HV3MPOBAHHBIX (apliax sBIAETCS
puanasoH ot 0,6:1,0 mo 0,8:1,0. B oredecTBeHHOI mpa-
KTYKE IIPUHATO CYUTATh ONTUMYMOM COOTHOILICHME
6enokskup:Boa pasuoe 1:0,8:(3+5).

KonTponp 3a comepkaHumeM MBIIIEYHOTO Oenka B
9MY/IbCUY — IJTIABHOE YCJIOBYE IONYy4YeHUsI CTaOVIIbHBIX
MSICHBIX CHUCTeM. BbIcOKoe copepkaHue oOiero Oemka
(M MBILIEYHON U COENMHUTENBHON TKAHN) ellle He CBUE-
TETIbCTBYET O BBICOKOM YPOBHE IIOTEHIVIAJIbHOM SMYIIb-
TUpYIOLIell CIOCOOHOCTM, TaK KaK KO/UTareH B HaTUBHOM
BUJIe HE yYaCTBYeT B IIPOIlecce KMPOIOI/IOIEHNS, SMYIIb-
TMPOBAHNA U CTAOMWIM3aumm sMynbcuil. Ot QyHKumm
BBINIOIHAIOT TOJILKO MBIIIEYHbIE OEIKIA.

B pesynbrare MaTeMaTN4ecKOro pacdyera ObUIO MOTyde-
HO, YTO IPefIe/IbHO TOITYCTYMBIN YPOBEHb 3aMEeHBI MACHOTO
CBIpbsl cOCTABIACT 18% 117151 rOBANVHDIL U 22% J1A CBUHVHBL.

OpHOJt M3 OCHOBHBIX OPraHOIENTIYECKUX XapaKTepn-
CTHK ABJISAETCS LIBET MPOAYKTA. [I/I1 MHCTPyMEeHTaIbHOM
OLIeHKV M3MeHeHUs 1iBeTa ¢apiia Ipy BHECEHUN KUBOT-
HBIX OENKOB OBUIM OIpefielieHbl 1IBETOBbIe XapaKTepyu-
cTuku. B Tabn. 2 mpepcTaBieHbl IMOKa3aTeny I[BETOBBIX
XapaKTePUCTHK.

Table 2 - Color characteristics in the samples of minced meat
Ta6muua 2 - I|BeToBbIe XapaKTePUCTHKY B 06pasuax ¢apura

A comparative analysis of the obtained models and con-
structed diagrams allows suggesting almost full identity of
the models and, as a consequence, using some averaged
models in the prediction tasks.

Product quality assurance consists of the minimal de-
viation from the specified (set) structure of the physico-
chemical indicators determining food value

2
n m
P(z): z le - zbijxj — min
i=1 j=1

where x, = mass fraction of the j" recipe component;

b,-j = proportion of the i element of the chemical com-
position in the j" recipe component of a product under
design, %;

z = content of the i* element of food value, % ac-
cording to GOST, TU and TI.

As a result of the mathematical processing, it was es-
tablished that the maximum allowable level of meat raw
material replacement was 18% for beef and 22% for pork.

The accumulated experimental and statistical material
is intended for creation of a bank of simulation models en-
abling analysis and prediction of changes in a meat system
when replacing meat raw material with animal proteins.

The present work demonstrates the first stage of investi-
gations, where the experiments were carried out separately
on beef and pork. However, in cooked sausage produc-
tion, the industry uses, as a rule, different percent ratios
of these kinds of meat raw material. Therefore, the next
stage of the work will be directed towards development of
a model, which would allow selection of an adequate ratio
of the specified kinds of raw material with animal proteins
(beef and pork).

Color characteristics | IIBeToBbIe XapaKTepHCTHKH
Samples | . ] i i
ST T G ST L (lightness) | L-ceetnora a (redness) | a-xpacHora b (yellowness) | b-xxentusua
Arbitrary units of color | YcmoBHbIe efuHnIb! nBeTa
Control 1 | 1321 14.40 15.49
OHTPOTb 1
Experiment 1 with beef protein | 45.04 13.97 15.98
OnbIT N2 1 € TOBsSHKBMM 0€eTKOM ) ) )
Experiment 2 with beef protein |
OnbIT N 2 € TOBSLKBUM 0€TKOM 44.69 11.64 14.99
Experiment 3 with beef protein |
OnbIT Ne 3 ¢ TOBSKBYM 6eTKOM e — 58
Experiment 1 with pork protein |
OnbiT N 1 co CBUHBIM OeTkoM 44.21 13.62 14.77
Experiment 2 with pork protein |
OnbIT N2 2 CO CBHBIM 0€TKOM B P L
Experiment 3 with pork protein |
OmbiT Ne 3 CO CBUHBIM O€eTKOM 46.04 9.31 16.60
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Kak BupiHO 13 Tabm. 2 , 3amena msica 10% rugpatnpo-
BaHHOTO )XIBOTHOTO 0€eIKa, KaK TOBSKbEr0, TaK ¥ CBUHOTO
B 0Opasiax Nel, BbI3bIBAaeT yBeIMUYeHNe IIOKa3aTeNsd CBeT-
noctu (L - 45,04 n 44,21) 1 He3HAYUTETbHOE CHIDKEHIE
mokasatessi KpacHOTHI (a — 13,97 1 13,62), o cpaBHEHMIO C
KOHTPOJIEM, a TIOKa3aTe/b JKeITU3HbI OCTAeTCs Ha YPOBHE
KOHTPOJIBHOTO 00pasIa.

O6paspr Ne 2 (¢ TOBSHKbUM U CBUHBIM O€7TKOM) MMe-
I0T 3HAYUTE/IbHOE CHIDKEHME IOKasaTens KPacHOTHI U
HE3HAYUTETbHOE >KEITU3HBI, a IOKa3aTelb CBETIOCTU
YBEINYMBAETCA.

Peskoe cHIDKeHUe moKasaTtessi KpacHOTHI (a — 9,87 u
9,31) Habmogaetcst B o6pasiax Ne3, BerpaboTaHHbIx ¢ 30%
TUIPATUPOBAHHBIX YKMBOTHBIX O€/KOB, U 3HAYUTENBHO
BO3PACTAIOT IIOKA3aTe/M CBET/IOTHI U JKeJITU3HBI 110 CPaB-
HEHUIO C KOHTPO/IBHBIM U OIIBITHBIMI 0OpasIjaMit.

ITomy4yeHHbIe pe3ynbTaThl MHCTPYMEHTA/IbHOTO MCCIIe-
moBaHUsA IBeTa (apiia MoKasajay, 4YTO BHECEHNe TUApa-
THPOBAHHOTO >KMBOTHOTO 6Oefka B KomudecTse 10 10% Ha
3% cHIDKaeT IoKa3aTe/lb KPaCHOTBI, YTO HEYTOBUMO P
OPTAHOJIENITUYECKOI! OLIEHKeE.

ITo skcmepMMeHTaNbHBIM JaHHBIM OBUIM TOCTPOEHBI
afleKBaTHbIE MOJie/IM MO0 M3MEHEHUI0 MacCOBOIl oMM Bjla-
U, )KMpa, OenKa 1 KomnareHa (Ta6. 1) mpy 3aMeHe MsICHOTO
CBIPbsI )KMBOTHBIMU OenKaMy (TOBSDKBMMU M CBUHBIMMU).
[padmky HEKOTOPBIX MOZIe/Iell IpefCTaB/IeHbI Ha puc. 3

CpaBHUTENbHBIN aHA/MN3 IOMTYyYeHHBIX MOfENel U Io-
CTPOEHHBIX IPadMKOB IIO3BOJISIET TOBOPUTD O IOYTH ITOTHOM
UIEHTUYHOCTY MOJiefiell 1, KaK CTIefICTBUE, UCIIONIb30BaTh B
IIPOTHO3HBIX 3afladyaX HEKOTOPBIE YCPeIHEHHbIE MOZIETIN.

Obecrieyenne KadecTBa NMPOAYKLMY 3aKIIOYaeTCs B
MIHVMA/IbHOM OTK/IOHEHM) OT 3a/IaHHOJ (yCTaHOBJIEH-
HOJ) CTPYKTYpBl (PU3MKO-XMMUYIECKUX IOKasaTene,
OTIpefeNAIMX NUIIEeBYIO IIEHHOCTD

2
n m
P(z): Z zl(.) - Zbijxj — min
i=1 j=1

Iie X; - MaccoBas ;o7 j-TO KOMIIOHEHTA pelenTyphl;

bij - YIle/IbHOE COfiep>KaHMe i-TO 97IeMeHTa XMUMIYEeCKO-
IO COCTaBa B j-OM peleNTypHOM KOMIIOHEHTE IPOEKTUPY-
€MOTO NPOAYKTa, %;

z, - CcofepXxaHme i-TO 37IeMeHTa NUIIEeBON IIEHHOCTH, %
cornmacHo 'OCT, TY u TI.

B pesynbrare MaTeMarirdeckor 06paboTKM OIIO YCTaHOB-
JIEHO, YTO NPEMENIbHO HOMYCTUMbI YPOBEHD 3aMEHbI MACHOTO
CBIpbsl cOCTaB/sAeT 18% 1 rOBAAMHBL U 22% ISl CBUHUHBDL

HaxannuBaeMblil 3KCIIEPUMEHTA/IbHBIN UM CTATUCTHU-
YeCKMiT MaTepuan MpeqHasHaYeH il CO3[aHus OaHKa
VIMUTAILMIOHHBIX MOJie/Iell, MO3BOIAIOUMX AHATIU3UPOBATh
U IPOTHO3MPOBATh U3MEHEHMEe MACHOI CUCTEMbI NP 3a-
MéeHe MSICHOTO CBIPbsI YKUBOTHBIMU O€TKaMI.

B Hacrosimieit paboTe moKa3aH MEPBBIN TAIl UCCIENO0-
BaHUIA, I7ie OIBITHI IPOBOAM/INCH OT/Ie/IbHO Ha TOBSIMHE U
cByHMHe. OTHAaKO MPOMBIIIIEHHOCTY IIPU M3TOTOB/IEHUN
BapeHbIX KOJI0ACHBIX M3IEMNIT, KaK IPaBUIO, VCIIONb3Y-
I0TCSl pa3/IMyHble MPOLEHTHbIE COOTHOIIEHNS 3TUX BUIOB
MSICHOTO CBIpbsi. [109TOMY Cremyromiit aTan paboTsl 6yaeT
HaIIpaB/ieH Ha pa3paboTKy MOJIe/N, KOTOPasi TO3BOJINIA Obl
1ofo0paTh aJieKBaTHble COOTHOLICHNMS YKa3aHHBIX BUJIOB
CBIPBSI C )KMBOTHBIMU GeliKaMyl (TOBSDKbUMMY ¥ CBUHBIMIA).
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KOHTpOJ]l;Hblﬁ 06pa3eu 1 TOBSAJIMHA KHJIOBAHHAsA BbICHICTO
copta — Control sample 1 trimmed beef of top grade

82,0
X
-
=
2 [
S
o 815 7/
g
2 [
=
=

81,0
X /
=
ot
<
=
-] /
2 805
= ,
§ O(
2
D
=
=)
O 80,0

10 20 30

IIponeHT 3aMeHbI MSICHOTO CBIPbSI FOBSIKBHM JKHBOTHBIM (eJIKOM
— percent of replacement of meat raw material with beef protein

«=@==PacyerHoe 3HaueHue - Calculated value
® DkcreprMeHTalbHOE 3HaYeHne — experimental value
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TIpoueHT 3aMeHbI MSICHOTO ChIPbSI CBHHBIM KHBOTHBIM §eJIKOM
— percent of replacement of meat raw material with pork protein

«=@==PacyerHoe 3Ha4yeHue - Calculated value
® DkcriepuMeHTalIbHOE 3HaYeHue — experimental value
KonTposbnbiii o0pasen 1 roBsiinHa »KuJ10BaHHAS BbICIIEr0
coprta — Control sample 1 trimmed beef of top grade
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IIponeHT 3aMeHBI MSICHOTO CHIPBSI TOBSIZKBHM KHBOTHBIM 0€IKOM
— percent of replacement of meat raw material with beef protein
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® DkcrnepuMeHTalbHOE 3HaYeHHe — experimental value



KoHTpoJubHblii 00pa3en 1 roBsiinHa ;KUJI0BAHHAS BbICLIEr0
copta — Control sample 1 trimmed beef of top grade
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KoHnTpoabHbIii 00pa3en 1 roBsiIMHA KHI0BAHHAS BBICLIET0
copra — Control sample 1 trimmed beef of top grade
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Fig.3. Comparison of the experimental and calculated indicators

Puc.3. ConocraBieHne 9KCIepMMEHTaTbHbIX 1 PacdeTHbIX TOKa3aTernelt
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Takum 06pasoM, B XOfje UCC/IETOBAHNUI U3YUEHO BIIN-
sIHME )KMBOTHBIX 0€MKOB (TOBSDKBUX U CBMHBIX) Ha Gu-
3MKO-XMMIYeCKVe ¥ (PYHKIVOHATbHO-TeXHOIOTMYIeCKye
MI0Ka3aTe/Iy MACHOTO (papla, MOTy4eHbl CTOXaCTUIeCKye
3aBUCUMOCTHU C MTOMOIIIBI0 METO[OB MATEMATUIECKOTO U
CTaTUCTUYECKOTO aHA/MN3a, a TaK)XXe OMpefe/ieHbl MaKCu-
MaJIbHO JIONTYCTVMMBIE TIPefie/ibl 3aMeHbI MACHOTO CBIPbS.
CdopmupoBaH 6aHK MaTeMaTUYeCKUX MOJeNelt, MO3BO-
JSIIOLIVI TIPOTHO3UPOBATh Ka4eCTBO MSCHBIX U3TIENMIT C
y4eTOM XapaKTepUCTUK MCXOMHOTO CHIPbS U IPOLEHTA
3aMeHbI O€e/TKaMI YKUBOTHBIX (TOBSDKBUX U CBUHBIX).

BriBogbr

IIpuMeHeHMe CTpaTernu CUCTEMHOTO aHa/lIN3a TeXHO-
JIOTMYECKUX IPOLIECCOB OTKPBhIBAET IUMPOKME BO3MOX-
HOCTM B pelleHMM 3afad IPOrHO3MPOBAHUA CBONCTB,
ABJIEHWIT, IIPOLIECCOB U CUCTEM, X OIITUMM3ALIMM U YIIPaB-
JIeHUs1, HAXOX/JeHVSI HOBBIX 9 (QEeKTUBHBIX TeXHIYECKIX
peleHuit B yCIOBUAX, KOIZia IpPUMMeEHeHe TPagIOHHbIX
METOJIOB BCTpeYaeT HENPEOHONMMbIe TPYAHOCTH.

AHanM3 COBPEMEHHOTO pBIHKa OTMETWI HENOCTa-
TOYHYI0 HACBIIIEHHOCTb IIPOIPAMMHOIO O0ecredeHMs
IJIs  TPOTHO3MPOBAHMA CIOXKHBIX MHOTOKOMIIOHEHT-
HBIX CUCTEM C y4eTOM COBOKYIIHOCTU (PM3MKO-XMMMUYe-
CKUX, (PyHKIMOHA/TbHO-TEXHOJIOTMYECKIX ITOKa3aTeseil 1
CTPYKTYPHO-MEXaHNYECKNUX CBOVICTB.

IIo MHEHNIO aBTOPOB, MMEHHO pacIlpeHye BO3MOX-
HOCTEN ONTUMMU3ALMOHHBIX IPOrPAMMHBIX CPEJCTB II0-
3BOJINT BBITY Ha Ka4eCTBEHHO HOBbLII YPOBEHb B pas-
paboTKe NUIIEBBIX IPOAYKTOB € 3a/JaHHBIM XMMUYECKUM
COCTaBOM, (YHKIVIOHA/IbHO-T€XHOMTOIMYECKIMI CBOJICT-
BaMI 1 TOTPeOUTEIbCKIMI XapaKTePUCTUKAMIL.

braromapHocTb

ABTOpBI CYMTAIOT HPUATHBIM [OATOM BBIPA3NUTh
61arofapHoCcTh A.T.H., mpod. Yepuyxe V.M. 3a obcy-
K[IeHUe ¥ KPUTUYeCKIe 3aMedaHsi, CIoCoOCTByIOLIe
YIy4IIEHUIO CTAThL.
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Thus, during the research, the influence of animal
proteins (beef and pork) on the physico-chemical and
functional-technological indicators of minced meat were
studied, the stochastic dependencies were obtained using
the methods of the mathematical and statistical analysis,
and the maximum allowable levels of meat raw material re-
placement with animal proteins were established. A bank
of the mathematical models was formed, which enables
predicting meat product quality with consideration for the
characteristics of the initial raw material and a percent of
replacement with animal proteins (beef and pork).

Conclusion

The use of the strategy of the systemic analysis of the
technological processes opens wide possibilities in solv-
ing the tasks of prediction of properties, phenomena,
processes and systems, their optimization and manage-
ment, finding out new effective technical solutions in the
conditions when the use of the traditional methods faces
unconquerable difficulties.

An analysis of the modern market revealed insuffi-
cient saturation with the software for predicting complex
multicomponent systems with consideration for a set of
physico-chemical and functional-technological indicators,
as well as structural-mechanical properties.

In the authors’ opinion, it broadens options for the
software optimization that will allow us to achieve a to-
tally new level in the development of food products with
specified chemical compositions, functional-technological
properties and consumer characteristics.
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