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Abstract—Methods to improve tenderness include mechanicalnad chemical approaches and the former
category includes the use of stretching techniquestwo experiments were undertaken to investigate the
effectiveness of SmartStretch™ technology for impnang the tenderness of hot boned beef nsemimembranous
(SM; Experiment 1) and cuberolls (where the mLongissimus; LL) was tested (Experiment 2). For work on the
SM, three levels of stretch were used resulting ieither a 52, 41 or 34% increase respectively in tHength of the
SM. For the cuberoll three treatments were applied) no stretch and 2) two levels of stretch resuitg in 8.5 and
9.3% increase in length respectively. The shear ifce results showed that only ageing was signficaiP < 0.05).
Although significant changes in SM dimensions werechieved in experiment 1 there was no significant
tenderness benefit from increasing the degree ofrstch. Much smaller changes in dimensions were fouhfor the
LL in experiment 2. The results for the SM suggesthat there is a lower limit beyond which further gretching
will not reduce shear force and the least stretchréatment was above that limit. By contrast the resiis suggest
that the degree of stretch achieved in the LL of th cube roll did not reach a required minimum to ilicit an
improvement in tenderness. This cut is composed ofiore than one muscle and this may limit the abilit to
stretch the cut and thus the LL. All initial a* (redness) values were significantly higher than thénfal values and
similary ratio 630/580nm values declined significatty due to ageing. The ratio values also showed d@hthere
were significant stretch treatment effects in expament 1 so as the level of stretch increased thevid of initial
browning declined.

Index Terms—stretching, meat colour, tenderness, topside, cutm!

[. INTRODUCTION

The challenge the meat industry faces when inanggsiocessing efficiency is to maintain or enhasatng quality
and this is particularly relevant to the use of war hot boning, where the former can be definetd@sng with a
muscle temperature below ¥ Previous work in beef has shown that hot boimegeases the toughness of loin and
topside cuts compared to cold boning (White, Oi8at, Troy & O’Neill, 2006) and in sheep warm bogiproduced
meat with a low consumer compliance (Toohey & Haopki2006), but interventions such as wrapping waomed
meat can increase eating quality when combined agiing (Toohey, Hopkins & Lamb, 2008). The aimha$ study
was to evaluate the effect of both stretching ayelray, using SmartStretch™ technology (Toohey, Hugk\ielsen &
Gutzke,2009), on meat tenderness of hot bonedsemimembranosus (SM) from beef topsides and rfmngissimus
(LL) from beef cube rolls.

. MATERIALS AND METHODS

Experiment 1

To test the effect of SmartStretch™ technology ohldoned msemimembranosus (SM) from beef topsides (Anon.
1998, HAM No. 2000) 24 cows from various consignisemere selected. Left and right topsides wereectd#d pre-
rigor and the SM was removed and randomly alloc&tedne of three treatments: treatment 1 (SM cl8182 cm
circumference), treatment 2 (SM cut to 28-29 crawinference) or treatment 3 (SM cut to 25-26 cmueitference)
respectively. The SM muscles were ejected from $meartStretch™ machine into the packaging unit wath
circumference of 24 cm. Each SM was cut in half etiedportions were randomly allocated to eitheeZieg on day 0
or ageing for 7 days post treatment. The lengthcmdimference were measured pre- and post-treati8amples for
ageing were held at 4*6 for 7 days and then frozen and stored in a -2@%€Zer.



Experiment 2

To evaluate the effect of both stretching and ageusing SmartStretch™ technology, on meat tendsroé hot
boned cube rolls (Anon. 1998, HAM No. 2240) beataaes from 24 cows from various consignments \welected.
These were not the same animals as sampled foriEhgre 1. Left and right cube rolls were collecta@-rigor and
randomly allocated to one of three treatmentstineat 1 - sample vacuum packed, no stretch (cgntrelatment 2 -
(25-26 cm circumference) or treatment 3 - (27-28 @mumference) respectively. Cube rolls stretclusthg the
SmartStretch™ machine, were ejected into packagitiga circumference of 24 cm. Each cube roll watsic half and
the portions were randomly allocated to eitherZimg on day 0 or ageing for 14 days post treatmEné length and
circumference were measured pre- and post-treatrSamples for ageing were held at “€5or 14 days and then
frozen and stored in a -22°C freezer.

The initial pH and temperature were measured foh ea. semimembranosus (SM) of each animal as soon as the
muscle was collected (Experiment 1) and for eachongissimus (LL) of each animal as soon as the cube rolls were
collected (Experiment 2). Muscle pH was measurddgus glass combination lonode intermediate jumctiH
(potassium chloride) electrode (TPS Pty Ltd., Baisdy, Queensland) attached to a data recording gkr ifiePS WP-
80). Muscle temperature was measured using a esairdteel cylindrical probe attached to the samerm&he pH
meter was calibrated before use and at regulavaieusing buffers of pH 4 and pH 6.8 at room terafure.

Sample from both experiments was subsequently rethdvom the packaging and 65 g cooking blocks for
tenderness testing were cut, using a band saw, fhenSM in experiment 1 and from the LL of the cub# in
experiment 2. Shear force testing was conductedgugie method previously described by Hopkithsal. (2009).
Sarcomere length was measured using laser diffraets described by Bout@hal. (1978) on samples aged for 0 days
in both experiments. Slices of frozen SM and LLc(8 thick) were taken from each sample, placedraystand
allowed to thaw overnight in a chiller set at 324 The following day a fresh surface was cut achesample and these
were then placed individually on black foam tra$8.6 cm x 13.5 cm) and over wrapped with PVC fabd fvrap (15
um thickness). After a blooming period of 30-40 méach sample was measured (initial colour valuéts) a Hunter
Lab meter (Models 45/0-L) with an aperture siz&€6fmm. The instrument was calibrated with blac# aite tiles
using Illluminant D-65, with 10 degree standard obse Samples were displayed in a chiller at’@-4inder lighting
(1000 lux) and measured once a day for 4 daysl(fiodour value). Each sample was measured twiceaah
measurement time and the two values averaged.fBa#d (redness), and ratio (630/580nm) which widative of the
development of metmyoglobin will be shown here.

Linear mixed model methods were used to analygeraeely, the data from the two experiments. Fedyais of
initial pH, initial temperature, percentage inceea® muscle length, percentage decrease in circemie and
sarcomere length all measured prior to allocatibrageing treatments within samples, the model ohetl stretch
treatment as a fixed effect and an animal effea esdom effect. The model for shear force, megksan each portion
assigned an ageing treatment, included stretchnmesds, ageing treatments and the interaction lestwbese two
factors as fixed effects and included as randoecedfterms for animal, sides within animal and cbatch. Colour and
ratio measures were analysed using repeated meamabyses and included fixed effects for streteatment, ageing,
time and interaction of these terms whilst randdfects included terms for animals, sides withinnaals and allowing
for correlations for results over time on the saample. All models were fitted using the statidtigackage ASReml
(Gilmour, Gogel, Cullis & Thompson, 2006) which uses REML dshanethods and incorporates adjusted Wald
statistics (Kenward & Roger, 1997) to test sigmifice of fixed effects under small sample inference.

lll. RESULTS AND DISCUSSION

For the traits, initial pH, initial temperature,iicrease in length, % decrease in circumferencesartbmere length
the only significant treatment effects observed enéor % increase in lengthP( < 0.05) and% decrease in
circumferencel < 0.001) of the SM muscle and for sarcomere le(igth 0.05)and % decrease in circumferenée
0.001) in the LL muscle. The predicted means artaage standard errors for each treatment on eashlenare given
in Table 1.

Table 1. Predicted means (av s.e.) of initial pH,nitial temperature, % increase in length, % decreas in
circumference and sarcomere length for each stretctieatment in experiments 1 and 2.

Experiment 1 (SM) Experiment 2 (LL)
Treatment 1 2 3 Avse. 1 2 3 Avse.
Initial pH 5.94 5.91 5.98 0.07 6.15 6.21 6.12 0.06
Initial temperature°C) 35.6 36.6 36.9 0.76 36.2 35.3 36.4 05
Increase length (%) 51.9a 41.1b 34.0b 2.77 * 8.5 9.3 1.8
Decrease circumference (%) 28.8a 18.8b 11.1¢c0.52 * 2.35a 7.31b 0.74
Sarcomere lengthu(n) 2.24 2.28 2.20 0.08 1.62b 1.8lab  1.94a 0.07

Means, within a muscle, having a different let&rkf, ¢) are significantly differenP(= 0.05)



The shear force results showed that of the fixddcef, the treatment x ageing interaction effecerewnot
significant @ > 0.05) in experiments 1 and 2, neither was treatrf? > 0.05), whilst ageing wa®(< 0.05; Table 2).

Table 2. Predicted shear force means (N) and (staart errors) for each stretch and ageing treatment.

Treatments Experiment 1 (SM) Treatments Experimen (LL)
0 day 7 day 0 day 14 day
1 (52% Stretch) 57.2(2.9) a 52.9(2.9)b 1 (no Stretch) 60.9(4.0)b 39.3(4.0)a
2 (41% Stretch) 57.3(2.9) a 53.1(29)b 2 (8.5% Stretch) 60.2(3.8) b 37.3(3.8)a
3 (34% Stretch) 55.1(2.9) a 50.9 (2.9) b 3 (9.3% Stretch) 60.6 (3.8) b 36.7(3.8) a

Means, within a muscle, having a different letgerky) are significantly differenP(= 0.05)

Although significant changes in SM dimensions wachieved in experiment 1 there was no significantérness
benefit from increasing the degree of stretch. Msitlaller changes in dimensions were found for thénLexperiment
2. Based on previous work by Hwang, Gee, Polkingh@& Thompson (2002) and Simmons, Cairney, Auldghi &
Mudford (1999) the results for the SM suggest that theeel@sver limit beyond which further stretching wilbt reduce
shear force. The work by Simmons et al. (1999)istleefLongissimus thoracis muscles by stretching the muscles to
20, 40 and 60% using clamps and then comparing tteean-stretched muscles and it was shown tha2@p& stretch
produced a significant reduction in shear forcd,tha 40% and 60% stretching did not further redsioear force. In
the current study we conclude that the stretchimgshold was achieved using SmartStretch™ withtriveat 3 (the
lowest degree of stretch treatment based on pewgerihcrease in length). It is suggested that themmm stretch
treatment (34% increase in muscle length) obtaimgdg the SmartStretch™ technology would produsggaificant
improvement in tenderness of hot boned beef SM apetpto a non stretched SM, based on previoustsesulsheep
(Toohey et al., 2008), however this needs to balatdd. By contrast the results suggest that dgred of stretch
achieved in the LL of the cube roll did not reactequired minimum to illicit an improvement in teerdess. This cut
is composed of more than one muscle and this maiy the ability to stretch the cut and thus the Qiven the wide
use of this cut for value adding in hot boning pdathis result must be validated.

Table 3. Predicted means and (standard errors) forinitial and final a* colour values, and ratio values
(630/580nm)for aged samples for each stretch treatment in expenents 1 and 2.

Treatments Experiment 1 (SM)
0 day aged 7 day aged
Initial Final Initial Final
a*
1 (52% Stretch) 20.7 (0.®) 15.8 (0.5pb 20.6 (0.5) de 15.9 (0.5) ab
2 (41% Stretch) 20.3 (0.5pe 16.2 (0.5ab 20.3 (0.5) cde 16.3(0.5) b
3 (34% Stretch) 19.1 (0.ed 15.1 (0.5pb 19.0 (0.6) ¢ 15.2 (0.a
Ratio 630/580nm
1 (52% Stretch) 7.4 (0.3 3.5 (0.2 7.4(0.4)c 3.7(0.2) a
2 (41% Stretch) 7.0 (0.4c 3.7 (0.2n 6.8 (0.4) bc 3.7(0.2) a
3 (34% Stretch) 6.2 (0.9 3.3 (0.3 6.1(04)b 3.3(0.3)a
Experiment 2 (LL)
0 day aged 14 day aged
a*
1 (Control) 18.4 (0.4) ef 16.4 (0.6) bcd 19.7 (@H) 14.9 (0.6) a
2 (8.5% Stretch) 19.1 (0.4) fgh 17.1 (0.6) de 20.4)i 15.5 (0.6) abc
3 (9.3% Stretch) 18.7 (0.4) fg 16.7 (0.6) cd 204 hi 15.1 (0.6) ab
Ratio 630/580nm
1 (Control) 7.3(0.4)c 3.8(0.3)b 7.2(0.4)c P) a
2 (8.5% Stretch) 7.8(0.4)c 40(0.3)b 7.6 (@.4) 3.1(0.2)a
3 (9.3% Stretch) 7.3(0.4)c 3.8(0.3)b 7.1 (@4) 29(0.2)a

For each trait within each muscle, means not hasibt@giling letter in common are pairwise signifitdg differentP =
0.05.

For colour values a* and ratio 630/580nm there veggaificant differences between initial and finallues within
ageing periods in both experiments (Table 3). Tesulted in all initial a* values being significnhigher than the
final values irrespective of ageing treatment, nmegthat the samples lost reddeness while displaydtwre were also
significant differences between stretch treatmémtsa* values in experiment 1 with treatment 1 Imgvsignificantly
higher initial values than treatment 3. There aasnconsistent effect between treatments in enpeari 2. The ratio
values also decreased between initial and finalings irrespective of ageing treatment in both expents meaning
that as the display time increased the metmyogldfimation or browning of the meat increased reééidcby the
decrease in ratio values. The ratio values alewghat there were significant stretch treatmefea$ in experiment 1
so as the level of stretch increased the level rofvhing declined, but only for intial readings. Thesults for
experiment 2 are not that informative given theelesf stretch achieved. Work by Morrissey, JacolPl&iske(2008)



suggested that when the ratio value falls belowf@.$%amb topside that consumers consider the tocla¢ more brown
than red. Recent work using lamb loins (Khliji, vde Ven, Lamb, Lanza & Hopkin2010) showed that when the
wavelength ratio (630/580 nm) values are equaktgreater than 3.3, on average consumers will denghe meat as
acceptable. These ratio thresholds need to beasedeto 6.8 to provide 95 percent confidence tlmahdomly selected
consumer will consider a sample as acceptable j{tlal., 2010). If these levels apply to beefrtmeost of the meat in
both experiments would be unacceptable after thiegef display, with no difference between treatse The results
indicate, however that higher levels of stretcH pribduce topside that is more acceptable in tevht®lour stability at
least on initial display.

V. CONCLUSION

SmartStretch™ technology has potential to impréneténderness of hot boned SM and thus, add signifivalue
to the topside, but the benefits for the cubeandl more problematic, due it seems to the diffcaftgtretching this cut.
The evidence indicates that higher levels of dtretitl produce meat that is more acceptable in seofncolour stability
at least when initially displayed. This will be added bonus if the tenderness benefits of strejahits like the topside
can be validated.
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