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Abstract—The effects of high pressure on the texture of posigor beef muscle has been shown to differ
depending on the temperature at which the pressurds applied; low temperature having no effect on
tenderization, whereas high temperature has a marleeffect on reducing the toughness of beef musclats. We
subjected post-rigor beef neck muscleM. sternomandibularis) to different pressures and times (100 MPa for
2min, 200 MPa for 20 min) at a range of temperature (5-80°C) and measured the texture of treated sangs and
determined the degradation of muscle fibres usingight microscopy. The texture of beef neck muscleas
measured by Warner-Bratzler peak force, was tough~80 N) when cooked from raw. Pressure treatment (D,
200 MPa) at low temperatures (<40°C) did not improe the tenderness of beef neck muscle, whereas anffigant
reduction in toughness was achieved (20-30 N) wh@nessure (200 MPa, 20 min) was combined with heat (-
80°C). Microscopy of whole muscle homogenates shedvthat there were differences in the appearance drthe
length of the myofibres. A strong correlation betveen peak force and fibre length was shown. Thisniiling
supports the suggestions that muscle proteins ardfacted differently when subjected to pressure or &at, and
provides some understanding to the mechanisms of labilization and aggregation of muscle structures fer
pressure treatment at low or high temperatures, rgsectively.

Index Terms—beef, high pressure, light microscopy, temperaturgexture.

[. INTRODUCTION

The application of high hydrostatic pressure presitmportant opportunities in the processing of ctasbased food
products. High pressure processing (HPP) is ctliyréring used commercially for extension of sHi#-of packaged,
sliced, cooked meats through its ability to redmierobial populations. Research has also showreffeetiveness of
high pressure treatments for the modification &fugal and functional properties of meat, poultngdish (Macfarlane,
1985; Cheftel and Culioli, 1997).

Post-mortem meat tenderization is generally assutbe@sult from softening of the myofibrillar andrmective
tissue proteins by endopeptidases, such as catiseisdl calpains and high pressure may also haarecarfble effect
on meat tenderness (Macfarlane, 1973; Jung, de aldenle-Anton and Ghoul, 2000a; Ichinoseki, Nishiuamd
Suzuki, 2006; Sikes, Tornberg and Tume, 2010),0fteth conflicting results are obtained (Cheftel &wlioli, 1997;
Jung, de Lamballerie-Anton, Taylor and Ghoul, 200Qdfrades, Banon, Carballo and Jimenez-Colmeri063).
Many studies indicate that high pressure can térmlaneat when applied pre-rigor (Macfarlane, 19K8nnick,
Elgasim, Holmes and Meyer, 1980) but has no maedéett on post-rigor meat at low temperature (Bouteord,
Harris, Macfarlane and O’Shea, 1977; Jung, de LdmieAnton and Ghoul, 2000b; Jung, Ghoul and denballerie-
Anton, 2000c; Ma and Ledward, 2004).

High pressure treatment at different temperaturés imduce different effects on meat texture sintte weak
linkages stabilizing the secondary, tertiary anatgrnary structures of a protein respond diffeyemdl heat and
pressure (Galazka and Ledward, 1998). Bouton €18¥7) found that a combination of pressure agat treatment of
post-rigor muscle had a beneficial effect on theastforce resistance of cooked meat but treatntdotatemperatures
was ineffective. Jung et al. (2000a & 2000b) alsond this effect at low temperature but they dest@ted
myofibrillar disorganization with pressures betwd®® and 600 MPa.

Ma and Ledward (2004) studied the effects of higkspure (200-800 MPa) at a range of temperatufeg{2C) for
20 min on the texture of post-rigor beef LD muschd.temperatures below 60°C, there was no tenihgriaffect but a
hardening effect occurred. At temperatures of 6a~@ 70°C, pressures of 200 MPa caused signifidecteases in
hardness.

It was the aim of this study to investigate theeef§ of high pressure at a range of temperaturetherextural
quality and degradation of muscle fibres of beebaher These findings will assist in building ardarstanding of the
mechanism of muscle protein modifications of beakate by high pressure and temperature combinations



. MATERIALS AND METHODS

A. Sampling and preparation

Pre-rigor beef neck muscl( sternomandibularis) was obtained at slaughter at a local abattoirithi/an hour,
each muscle was tightly wrapped with GladWhrdpllowed by packing tape and kept for approximate8 h at 15°C
and then chilled to 5°C. This procedure minimitieel possibility of cold-shortening and also ensuted the muscles
were in the normal pH range for post-mortem begpfaximately pH 5.50 to 5.80).

B. High pressure processing

Pressure treatments were performed using an 850 MdiodLab 0.3L high pressure vessel (Stansted Hhaidier
Ltd, Stansted, UK) with temperature control. Thenpression fluid used in the sample chamber was g@sylene
glycol in water (v/v). On the day of pressure tneent, muscles were unwrapped and cut into unifenmgths and
cross-sections, approximately 150 x 35 x 35 mmhilires parallel to the long axis. All samplesrgvéndividually
sealed in vacuum bags and maintained at 5°C undéigure treatment. Preheating protocols for sampie®
determined prior to treatments in order to ensha the samples reached the designated temperaturiegy the
pressure treatment. Appropriate heat control sasnfll.1 MPa, no pressure treatment) were heatadvater bath for
corresponding times and temperatures. Samplespressure treated at 100 MPa for 2 min at 5, 1@r2°C, and at
200 MPa for 20 min at 5, 20, 40, 60 or 80°C. Rwilg release of pressure, all samples were cooledhiice slurry for
20 min and stored at 5°C until required for analysihe inherent ramp rate was 20 MPa/s so thatrtieeto reach 200
MPa was approximately 10 s. A decompression pureedf ‘open’ 5 s, ‘closed’ 2 s over a period ofgivas used.

C. Warner-Bratzler (WB) shear force

Immediately following treatments, samples were @ablat 80°C for 60 min (in a waterbath), chilledd astored
overnight at 4°C. Each cooked sample was theimmbatsix sub-samples for shear force measurememtt(®, Harris
and Shorthose, 1971; Bouton and Harris, 1972). mdasurements were made on a Lloyd Instruments Mabérials
Testing Machine fitted with a 500N load cell (Lloydstruments Ltd., Hampshire UK) as described keSiet al.
(2010). The mean peak shear values for the sixsaniples were recorded.

D. Muscle homogenate preparation

Whole muscle homogenates were prepared using thieoth®f Busch, Stromer, Goll and Suzuki (1972).1@ g
sub-sample of minced muscle was homogenized utaedardized conditions for 30 s in a Waring bleridet00 mL
of extraction buffer (50 mM Tris-HCI, 0.1 M KCI,/aM EDTA, pH 7).

E. Light microscopy for fibre length determination

Samples of muscle homogenates were viewed witlyta fnicroscope (Nikon Eclipse E200) using phasetrash
with standardized magnification (40x). Images wel¢ained with a Tucsen 5.0 MP camera (Tucsen &i¢fihaging
Technology, China) and analyzed using the acconipgngnage analysis software (TS mini) to determhmelength of
the muscle fibre fragments using a method develdpednyofibrils (Olsson and Tornberg, 1992; Deviléahlgren
and Tornberg, 1999).

[ll. RESULTS AND DISCUSSION

As shown previously (Bouton et al., 1977; Ma andiward 2004; Sikes et al., 2010), pressure-heatntera (200
MPa, >40°C, 20 min) had a marked tenderizing effecbeef muscle when subsequently cooked at 80°C Fg with
WB peak force being reduce®<0.001) from 80 N for the untreated sample to 3foNP-H treatment (200 MPa,
60°C, 20 min) (Figure 1). When using 100 MPa fomix at low temperatures (5-40°C), the WB peak slieae
values were lowerR>0.05) than those of the untreated control samplésthere was a trend towards increasing
toughness with increasing temperatures (FigureStilarly, using a higher pressure (200 MPa) fdorager time (20
min) at low temperature (5°C) had no effect on &mhtion of beef neck muscle. These results |ehuthlose of Jung
et al. (2000b) in that there was no significantdenization effect on beef muscle with pressuretitneat at low
temperature, although they reported an increaseuighness with pressure treatment at low tempexd°C). This
difference may result from the higher pressure tmms used in their experiments (130, 520 MPa)jwelver, with
increasing temperatures (20-80°C) combined with BPa and 20 min, the WB shear force values dectease
significantly (°<0.005) compared to the untreated samples, witlytbatest effect being seen at 60 and 80°C (Figure
1).

In the current study, the degradation of the mydfdr structures was followed by measuring theditength of muscle



homogenates using light microscopy (Figure 2). Hgemates of raw muscle showed that many of the ibmngsf had
been separated into individual fibres which hademmfragmented fibre length of 30&n. However, homogenates of
heated muscle (6@) had longer fibre fragments (43wn) and there was evidence that the myofibres weseem
aggregated. Homogenates prepared from pressatedrenuscle (200 MPa) tended to have shorter fiemgths
compared to the raw control and the heated samiplghis was most evident at 60 and@®@Qvhere the lengths were
significantly smaller P<0.01). Unlike the samples treated at 200 MPagthas little difference in fibre lengths of the
samples treated at 100 MPa at the lower end aktiheerature range (Figure 2).

As can be seen in Figures 1 and 2, the applicatigmessure at higher temperatures (>40°C) haamaltic effect on
both the texture of the beef muscle (WB shear foacel the length of the muscle fibre fragmentsyltegy in a strong
linear relationship (R= 0.73) (Figure 3). We believe that the preswat process leads to a complex series of events,
including membrane disruption and the release ateotytic enzymes which for maximal activity regquihigh
temperatures (Kurth, 1986) and altered proteirctires. At lower temperatures, not only is thessIproteolysis but
the structural proteins are affected differentlygrgssure where there is greater solubilization lasg denaturation,
aggregation and strengthening. Thus accordingutatteeory (Sikes et al., 2010), the potential foack propagation
leading to fibre fragmentation and therefore merger meat will not be as great compared with presseatment at
higher temperatures, where proteolysis, proteiratigation, aggregation and strengthening are hjghes enabling
shear fracturing of a more brittle structure.

V. CONCLUSION

High pressure processing (up to 200 MPa), as aovative technology, has been used in combinatidgh leiv and
high temperatures (5-80°C) to understand and makeaofi changes in protein structures of red meate fesults
suggest that different mechanisms of protein modiion occur under high pressure depending onehmpérature
applied. At low temperatures, solubilization of afiprillar proteins occurs, whereas at higher terapees,
aggregation of muscle proteins causes a strengieistructures. It has also been found thateti®ian impact on
endogenous enzymes under pressure at high temexatu

The application of high pressure processing contbimiéh heat has shown a tenderizing effect on beek muscle.
This large improvement in tenderness for commdycmVailable low-valued meat cuts provide opportiesi for the
meat industry to provide healthy, convenient andnemical alternative meat products with excellemctional
properties and value for the consumer.
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Figure 1: Effect of temperature at different presswon WB peak force values of beef neck musclearth8D, n=4).
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Figure 2: Effect of temperature at different pressuon the fibre length of muscle fibre homogenaitdHeef neck muscles
(meaSD, n=4).
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Figure 3: The relationship between WB peak forcefdd length of pressure-temperature-treated heek muscle.



