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‘lnq_ JectedeEts have studied the tenderness of meat from carcas-
N'lel hey . O electrical stimulation and then to gquick chil-
W testg en‘éree, mainly on the basis of the results of taste
‘hxg o on Warner-Bratzler measurements, that meat treat-
Yo, . Ay is more tender.
Y the
3376; he_en c::uﬁhes on electrical stimulation and meat tenderness
Lty Gllbert fied out at high voltage (Chrystall and Hagyard,
ll,v i Gilp, and Davey, 1976 - 3,600 V; Davey et al., 1976 -
Nj& l9gy 7e0"t' 1978 - 1,100 V; Bendall et al., 1976; Taylor et
s 4do vy, V; McKeith et al., 1980 — 550 V; Savell et al.,
“igtts State 'y Bendall, 1976 250 V). Nevertheless, certain
i aTs hat the use of low and extra low voltage is also
tenderizing meat.
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!hll;:e 1::“_5 work has been undertaken on the use of extra low
‘igt“Y. i "2‘-'51 stimulation, which, because of its safety and
‘i“thot“’e as \‘r_e attractive for commercial applications and as
Mﬁrus (Fiblal igh voltage stimulation. According to certain
GGy o2on et al., 1979; Nilsson at al., 1979 - 15 V;
?\, lsa"d Mar; 20-30 V; Valin and Vigneron, 1980 - 20-80 V:
Oy 280, 195313“' 1980 - 32 V; Powell et al., 1983; Bouton et
B (Sltagy 720D, and 1980c; Buts et a - 45 V), extra
YShen YStems prevent cold shortening, thereby preventin
® oy N9 of neat. z d
. Ject
3 leg SXtry 1'-“6 present study was to evaluate the effects of
;i(gr beef' OW voltage stimulation on the tenderness of quick-
‘L\iv:fferingusmg a prototype direct-current electrical stimu-
5 V“lues‘ A4 versatile range of voltages, impulses, and ef-
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:ilght “augﬁz in the study were obtained and prepared at the
flq of etweetilfhomse from l-year-old animals with a dressed
Ma!“n 8to1q mun‘250 and 300 kg. The muscle used was sterno-
£ ‘ng' Stimy Scle, which was removed five to ten minutes after

d gui lated, and immediately packaged in polyethylene

" Qicko o -
! ny k~chilled in crushed ice.
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r
iy lgapar? lce):_lo‘,l]zd fll:om the animals were treated xn_the follgw—
X on; ¢ . : held for 24 hours at 15 Q_C with no prior
lag oChily no. 2: muscles taken from unstimulated carcas-

eq d to 0 oC; and lot no. 3: muscles taken from

Cary,
Feasses and quick-chilled to 0 2C. All the muscles
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% " ang ;:“dy were stored for ten days in a refrigerator at 2
e, ©s were performed at 0, 3, 5, and 11 days.

an\v‘( Loy |,
Dula, te}k '°1sta:ge electrical stimulation was effected using an
lgg “ime o c%“aFE—wave, direct current electrical stimulator, a
Uy in; de1 i X 10-2 seconds, and a frequency of 14.3 Hz. The
Q by 35 lgfged by the device can be regulated between 1.3 x
_get"een 1.5 seconds, with a delivered output voltage vari-
% 1“% Of 29 V and 40 V. In the experiment an average output
"hQ e, on was used, with an electrical stimulation time of
o ae elfzctrode was inserted in the nose and the other
Stainless steel hook inserted in the anus.
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: €ell toughness analysis
‘!rm“rume
%, “‘Ookingntal and sensory toughness analysis were performed
t the muscle at 100 9C in a water bath for 40 min-
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‘20&1- qte"turo ure analysis was carried out using a model 1140
P o1y, Meter to measure the shear strength using a Kramer

tThe muscl‘e was allowed to cool to room temperature
‘ eadeg cut into six portions measuring 1.5 x 1.5-% 5
iQak hej, rive was 100 mm/min and paper speed was 80 mm/-
S Pars -9t on sample weight was used as the measurement

§
\n%r b Aneter (kg/g).
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Eﬂu,t);_z‘.s was conducted by a six-member taste panel made
Fmeterslned laboratory staff members using a step scale.
Ve, ~ ver rated using the scale were toughness (7 = very
Q\%k Y p“°r)¥ tender) and overall acceptability (7 = very good;
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,Qd’shed 1;)“0“5 used for texture analysis (Kramer shear cell)
Wag efore and after cooking. The percentage of liquid

&%
%"i taken as the cooking loss.
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thg:ﬁf v:r_sl'jnxhcam:e among the means was determined by
R, Orre lance using an F test. The degree of significance
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Ations was evaluated using Lamotte's tables (1981).
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“»&:l, el ; the toughness analysis of the muscle can be seen
"'q“ th:*ﬂr Or the muscles in lot no. 1, held at 15 QC for 24

8
”’lt ot:"e"gth measured by the Kramer shear cell was lower
h t'\mege period at 2 9C, indicating tenderizing of the

* The maximum toughness that occurs in the muscle

during rigor mortis was not recorded, since it has normally sub-
sided after three days in storage, when the analysis was carried
out. However, the study of rigor mortis was not one of the ob-
jectives of the experiment. With regard to the stimulated or
unstimulated quick-chilled muscle, the opposite effect as that
found for the lot held at 15 QC was observed, although higher
shear strength values were recorded in the initial analysis for
the lot stimulated at 20 V than for the other two lots due to the
muscle contraction caused by the electrical stimulation, which
was prolonged in the experiment by the refrigeration system used.
Similar results were reported by Taylor and Marshall (1980) for
beef carcasses stimulated at extra low voltage (32 V) and by
Bendall (1976), Bendall et al. (1976), and Chrystall and Hagyard
(1976) for high voltage. Significant tenderizing was observed in
the stimulated lot on the third day of storage. Bouton et al.
(1980b) noted that in veal stimulated at 45 V, higher tenderness
levels occurred in muscles removed from the carcass 22 hours
after slaughter compared with those removed after 1 and 2 hours,
which were tougher.

Except in the case of the stimulated samples, the taste panel
detected no significant differences in toughness over the storage
period. However, while significant differences were observed in
the shear strength, there was still good correlation between the
results of both these tests (r = 0.56, P ¢ 0.01).

Table 1. Toughness measured by Kramer shear cell (Ksc) and
taste panel (TP) analysis
Days in Storage
Lot Analysis ] 3 5 11
Held at 15 oC KSC (kg/qg) 20.5} 19.43° 18.69¢  17.4f
Unstimulated " 19.43  22.6§  28.45 24.5%
Stimulated s 24.33 1719  23.63 28.2§
a a a
Held at 15 9C TP - 5.6f,, 5.47 4.3%
Unstimulated o - 6.8% 6.3% 5.6%,
Stimulated . - 4.83 6.23° 6.8

The different letters in each row and the different numbers in
each column indicate significant differences (P ¢ 0.05)

Analysis of variance of the data on shear strength (Table 2) as
measured with the Kramer shear cell and evaluated by the taste
panel showed significant differences between the lots treated by
holding at 15 ©C and the stimulated and unstimulated, quick-
chilled lots. However, the results obtained for the stimulated
and the unstimulated lots showed no significant differences,
which means that muscles from stimulated carcasses were no more

tender than those subjected to quick-chilling alone (cold-
shortening) . On the other hand, muscle held at 15 C was more
tender.
Table 2. Analysis of variance for toughness measured by Kramer
shear cell and taste panel determination
Toughness
Kramer shear cell Taste panel
Held at 15 QC/unstimulated *% il
Held at 15 Q@C/stimulated ol *
Unstimulated/stimulated NS NS
* p< 0.1 ** p< 0.01 NS = Not significant

Water holding capacity may be related to toughness (Table 3). In
the present experiment it was determined as the cooking loss (by
weight), and, though the correlation coefficient was not calcu-
lated, it would not appear to be good. A slightly greater water
holding capacity was observed in the lot held at 15 9C compared
to the water holding capacity of the other two lots.

Table 3. Cooking loss (%) during storage
S Days in storage
Lot g 3 i i1
Held at 15 QC 30.8 32.9 35.7 32.8
Unstimulated 34.1 31.6 43.1 35.9
Stimulated 35.4 31.0 39.3 35.7

Table 4. Overall acceptability by taste panel analysis

Days in storage
g 5

Lot -8 1
Held at 15 QC 4.2 4.0 4.4
Unstimulated 3.0 3.0 3.0
Stimulated 4 2.4 2.4
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The scale used ranged from 7 (very good) to 1 (very poor)
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The overall acceptability of the meat as determined by sensory
analysis (Table 4) indicated that the acceptability of the sample
held at 15 2C was higher than that of the other two samples. It
should be noted that, while the acceptability of the stimulated
lot declined during storage, the acceptability of the other two
lots remained stable. The acceptability rating depends on the
toughness of the muscle, which was high in the lot held at 15 9oC,
perhaps because of special characteristics of the muscle tissue
used.

On the basis of the results obtained, it can be concluded that
extra low voltage stimulation of Leef carcasses had no signifi-
cant effect under the conditions of the present experiment B

et al. (1982) reported similar results concerning the toughness
of sternocleidomastoid muscle. These findings may be due to the
fact that this muscle is not the most appropriate for studying
the effects of electrical stimulation, as suggested by Bouton et
al. (1980a). Taylor (1981) pointed out that extra low voltage
stimulation may not be effective for certain beef muscles. Salé
(1980) found that the effectiveness depended on the position of
the electrodes (the electrical field) and on the waveform, whic
act differently on different muscles (Bouton et al., 1980c).

ts

Nonetheless, various studies recommend the use of extra low volt-
age (Shaw and Walker, 1977; Fabiansson et al., 1979; Nilsson et
al., 1979; Ruderus, 1980; Taylor and Mars

all, 1980; Eikelenboon
+¢ 1981; etc.) in view of the benefits of the technique. As
result, further research in this area would appear to be ex-
tremely important in order to determine the most appropriate
electrical parameters, so that the proposed stimulator prototype
can be used effectively to prevent cold-shortening in beef.

Part of the work involved in this study was carried out at the
GYPISA slaughterhouse, and thanks are extended to that firm's
manager, Mr. Dur&n, and technical director for sanitation, Mr.
Jiménez, for their cooperation, without which this experiment
would not have been possible.

References

Barker, S.B. and Summerson, W.H. 1941. J. Biol.

Bendall, J.R. 1976. J. Sci. Food Agric. 27: BL

Bendall, J.R., Ketteridge, C.C., and George, A.R. 1976. J. Sci.
Food Agric. 27: 1123.

Bouton, P.E., Shaw, F.D., and Harris, P.V. 1980a. Proc. 26th

Chem. 138: 535.

Europ. Meet. Meat Res. Work. H-6: 23. Colorado Springs,
USA.

Bouton, P.E., Ford, A.L., Harris, P.V., and Shaw, F.D. 1980b.
Meat Sci. 4: 145.

Bouton, P.E., Weste, R.R., and Shaw, F.D. 1980c. J. Food Sci. 45:
148.

Buts, B., Claeys, E., and Demeyer, D. 1982. 2£c_>g.vv2@t:}3ﬁ!2urqg‘
Meet. Meat Res. Work. 1:11, 35. Madrid.

Chrystall, B.B. and Hagyard, C.J. 1976. Nz. J Agric.

Davey, C.L., Gilbert, K.V., and Carse, W.A. 1976.
Res. 19: 13.

Eikelenboom, G., Smulders, F.J.M., and Ruderus, H. 1981.
7 a A:40, 148. Vienna.

jerus, H. 1979. Proc.

. Budapest. vy 10

Meat Industry Res. Conf. New

Europ. Meet,
Gilbert, K.V. 19
Zealand.
Lamotte, M. 1981.

159. Barcelona.
McKeith, F.K., Smith, G.C., Dutson, T.R., Savell, J.W., Hostet-
ler, R.L., and Carpenter, Z.L. 1980. J. Food. Prot. 43:1
795. e P
Nilsson, H., Ruderus, H., and Fabiansson, S. 1979. Proc. 25th
Europ. Meet. Meat Res. Work. 1: 80. Budapest. A by
Powell, V.H., n, P.E., Harris, P.V., and Shorthose, W.R.
1983, Proc. 29th Res. Work. A:10, 76.
Salsomac Ore s T
Ruderus, H. 1980. Proc.
96. Colorado Springs,
1980. Ann. Tect

Dutson,

tadistica biolbgica (Ed. S.A. Toray-Masson).

_Meat Res. Work.

arpenter, Z.L.

s . | ce 1140.

Taylor, A.A., Shaw, . ¢ . 1980. Proc.
Europ. Meet. 5 ado Springs, USA.

Taylor, A.A. 1981. ial Application

¥ .R. 1980. J. Food Sci. 4
Valin, C. and Vigneron, F. 1980. X s,

74




