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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.
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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.



THEORY AND PRACTICE OF MEAT PROCESSING N1 | 2016

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).
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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.
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