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M. longissimus dorsi from 16 young bulls of the Swedish Lowland breed were used in an experiment where the influence of threese

different pH-time courses on meat tenderness were studied: fast (pH 5.6, 1h p.m.) medium (pH 5.6, 10 h) and slow pH-time co“ﬂemv
(pH 5.6, 24 h). The different pH-time courses, as were generated by electrical stimulation performed at different times p05t'mO

in combination with same chilling regime, produced significantly different beef tenderness, 3 days p.m., as determined by both ol
sensory analysis and Warner-Bratzler shear force measurements. The medium pH-time course gave significantly more te"deri gl
than the fast (p<0.01) and the slow pH-time courses (p<0.001). The ageing process, as followed by the decrease in myofibrillaf ig ;
(light microscopy) closely resembled the lowering in Warner-Bratzler shear force (r=0.68***). The differences in tenderness . l
most likely from differences in proteolytic activity since all meat showed little muscle shortening, according to sarcomere lengt 0

measurements. These results suggest that it is of great importance to simultaneously optimise chilling and pH-fall during rigO"' TR
development for beef tenderness. A combination of low pH and high temperature during rigor development can give substant®™
lowered meat tenderness. 1
Introduction il 4
Tenderness is usually identified by the consumer as the most important palatability trait of beef meat. It is also one of the most Vﬂ"iﬂp]e {he
which can be affected by both ante- and post- mortem factors. An increased knowledge of the factors that influences this variability 1* oedb‘ |
greatest importance for the meat industry. The aim of this study was to investigate the influence of different pH-time courses, as gener®
electrical stimulation at different time p.m. in combination with the same chilling regime, on beef tenderness. Fy
W
Materials & Methods il B

The influence of three different pH-time courses were investigated: fast (pH 5.6, 1h p.m.), medium (pH 5.6, 10 h p.m.) and slow (pH i )
h p.m.). The pH-time courses were obtained by selectively choosing different low-voltage electrical stimulation parameters using th

Swedish MITAB system: fast; 80V, 15 Hz, 48 s performed 1 min p.m., medium; 80V, 15 Hz, 30 s performed 30 min p.m. and slow: n(’m'
stimulation. M. longissimus dorsi (LD) muscles from 16 young bulls of the Swedish Lowland breed were cut out three days pOSt—morleO
following the usual chilling regime at the abattoir, This resulted in a centre temperature in the LD muscle of 20°C, 5 hours p.m., 12°C 1,

€ op 5 i
hours p.m. and 4°C 24 hours p.m. which is a temperature profile during rigor giving rise to relatively little warm shortening (less thal o

Wahlgren e al.1997). The LD muscles were cut into three parts, vacuum-packed and stored at 4°C for 3, 7 and 14 days, respectively- © () :)hf
ageing, the meat was cut into slices for sensory evaluations (1.5 cm), Warner-Bratzler shear force (4.5 cm), myofibrillar fragmemation 3 Df;
and sarcomere length measurements. The meat for the sensory analysis was fried in a pan (175°C) to a centre temperature of 70°C, "

served to the assessors immediately after cooking. The sensory analysis was performed by a trained expert panel of 15 women and menl o |
Tenderness was judged on a nine-point scale (1=very tough, 9=very tender). Warner-Bratzler shear force measurements were undeﬂal\ I
using an Instron® Universal testing machine equipped with a modified Warner-Bratzler blade with a square opening of 26x21 mm a0 - s
blade thickness of 1.0 mm. The meat was cooked in a water bath at 74°C for 85 min and chilled to room temperature in ice. The maxi® m:

shear force for at least 10 pieces (0.7x1.5 cm), sheared across the fibre direction, was recorded. Myofibrillar length measurements Werei
made as described elsewhere (Olsson & Tornberg, 1992). Five grams of meat was homogenised in an omnimixer at 1 1,000 rpm for 144 ¢ i

followed by centrifuging at 2°C for 15 min at 1,000 g. The sediment was resuspended in 25 ml of isolation buffer (100 mM KCl, go‘m i i
phosphate, 1 mM EDTA, 1 mM NaN;, pH 7.0) and diluted 25 times in the same buffer. The myofibrillar length was measured by usin® 4 e
microscopy (Nikon Optihot,) video images (Sony 3 CCD) and the image analysis programme Image Pro Plus 3.0 (Media CybernetiC, - FQI
Sarcomere length measurements were obtained by light microscopy on muscle fibres teared out from glutardialdehyde fixated meat th '
days p.m. using the same equipment and image analysis programme as described above. 0
Results & Discussion ’ 3:‘
To minimise factors that might have an impact on the results, the young bulls were chosen from the same farmer and slaughtered difeCtly de%

after arrival to the abattoir. They had a narrow weight distribution, 290 + 19 kg, went through identical chilling regimes and reached the g
same ultimate-pH (pH,= 5.50+0.06). The differences in tenderness between the three pH-groups will therefore mainly be due to differe” o | R
time courses during the first 24 hours p.m.. Electrical stimulation performed 1'min p.m. (80V, 15 Hz, 48 s) had by far the largest imPac oif Ql:
rigor development, reaching pH 5.6 within 1 hour p.m., (Fig. 1). This is most probably due to the fact that the nervous system particlpa [ .
the transfer of electric current to the muscle fibres and with a increased post mortem delay before stimulation it becomes less respons‘vioy D;
(Chrystall & Devine 1992). According to Dransfield ez al.(1992), one would expect that the combination of a low pH and an elevated rig Ol‘
temperature, as in the fast pH-time course, will give the most tender meat due to a faster tenderisation process. However, in this study ! i ;
medium pH-time course gave significantly more tender meat three days post mortem, according to both the W-B shear force data. (Fig-* Ty
and the sensory tenderness scores, (Table 1), although the differences decreased with a prolonged ageing. The meat exposed to a fast 4 o

. . . g t
time course was not significantly more tender than meat exposed to a slow pH-time course (Table 1). One can, however, see from the ﬂi[ T:
profiles of the W-B shear force data that the meat exposed to the slow pH-time course had a larger tenderisation capacity (not signiﬁcan 35 \VI
than meat exposed to a fast pH-time course. As the temperature profiles, used in this study, should not induce severe warm shortening { e [:

’ . . . ‘ gV
than 15% according to Wahlgren ef al., 1997) the influence of this factor on tenderness was considered to be of minor importance This il
also substantiated by the fact that the sarcomere length data correlated poorly with the W-B shear force data (r=0.29). In fact the grouP 3
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”mepos; PH (mean#std) as a funct_lon of Figure 2. Wal’qer-Brfltzlgr sht?ar force (mean Flgux.'e 3. fMy,OT'lb(,“tl' ar fg:t}]]él:;jiz :H_t;me‘
Co”fseg ’:()rlem for the three.pH—tlme +std) as a 'tuncuon of ageing time for the functxor? 0 a%elpi()lﬁlc iy ::)and 5
] 3]0\\; fast (n=6); Amedium (n=4)and three pH-tlme courses: ® fast (n=06); ?our'ses._‘ fast (n=6); Amedium (n

(n=6). Amedium (n=4)and ® slow (n=6). slow (n=6).
Tﬂb]

e
(A ul' Sensory tenderness and sarcomere length 3 days p.m
iction of pH-time course during rigor

Mg d S e length
c°llrsg ensory ten‘ erness Sarcomere lengt
Fﬁst meanzstd mean+std (pum)
Medi 4.1+0.9* 2.16+0.23"

g, ™ 5.3 0.3" 1.9740.10°
3.5+ 1.2° 2.29+0.30"
Yeang in

a column without a common superscript differ significantly (p<0.05).

hi ; :

SIIIi};:St tenderness had a tendency to have shortest sarcomeres, (Table. l)fl’he differences in tenderness for the ?k]rci gr{ot{ps 1< -I[}‘]?T'(,:f[(;:ienmem

Uf\lo‘jted to mainly originate from variations in the proteolytxg tenderization process. As suggested by Tqrnl)exg (1 ),-0) an .L(,“,l.L]I d' )

e, ' PH in the rigor process is favourable for the proteolytic process. But it is of importance that the rigor tcr‘npe.l ature stays m_\; ecau
1Zymes are more susceptible to denaturation and autolysis the lower the pH at elevated temperatures (>15°C). These two lzutgl

"mMena could be the reason for the lower tenderness of the meat exposed to the fast pH-time course in comparison to the medium one

T . .

TEe "ofibrillar length data gives an indirect information about the proteolytic activity thal may havg occurresi in th? meat dux‘}rugdzigICIrlg. "
breakecrease in myofibrillar length will, however, explain only one part of the tenderization process, 1.e. N0 mt(—)rm§t10n is olblz.uneb ‘a[)(/)ut]t e
myofdown of the cytoskeletal network, suggested to have a large impact on meat tend-ern.ess.(Tay]or etal., 1993)‘. The corre gno‘n vaeer

o tbril]ar length data and Warner-Bratzler shear force data was good (r=0.68***) indicating that the combmlatl(?n ()? fast ngoi.de\‘_elop—
dip, ct nd high temperatures resulted in some inactivation of the proteolytic enzymes responsible for the tenderisation in 1h¢ l:mg[t‘lljfjm'(ﬂ )
i e“on, The correlation between myofibrillar length data and sensory tt.:nderness, 3‘days p.m., were, however, mgch I‘ess (r—0.43‘ ). This
perpre“Fe between the two methods might be explained by the t‘acli that m‘the W-B force measurements, the sll\earmg tor?c a!\‘vays Yacts
rgrce”dlcularly to the muscle fibre direction, whereas during chewing the force is more randomly directed against the fibres. The W-B shear

® Measurements seems therefore to be more discriminatory for structural differences along the muscle fibre.

Cop

1 Ylusiong

tho:. SSUlts from this study illustrates the importance of a simultaneous optimisation of the‘rate of rigor developmgnt and the dnllm%

() e, Right combinations of these two parameters will most probably result in meat which becomes tender earlier p.m. and therefore
€ase the storing costs.
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