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:“ane”ect of different chilling procedures on the eating
§aleq of pork chops, in particular tenderness, was investi-
’Pam °N four factories. The chilling procedures varied
Yise,. Mild traditional batch chilling to an extremely
Yith alve tunnel chilling. On each factory a number of pigs
:alueS)Qﬂod water holding capacity (high or medium pHj-
‘hasen and different levels of intramuscular fat were
% * 'he longissimus dorsi muscle was removed from
aaftiucarcass the day after slaughter, divided into two
Yatgy S (anterior and posterior), and each portion investi-
“me or eating quality using a trained taste panel as well
) Vant meat quality characteristics.
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iaﬁtures“lt_s showed that cold-shortening occurred orf the
""Eray With the most effective chilling process. The
u“Sati;; €ating quality of the chops from this factory was
t“”gh_ Ctory with 57% being designated as unacceptably
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~"lclf;‘em'ea~°“3 in tenderness was especially great in pigs
Yith Were most susceptible to cold shortening i.e. pigs
"on ngh PH)-values, but it also occurred in the posterior
%y, Of the loin in some of the pigs with medium pH)-
”egate‘ Igher intramuscular fat levels could partially
The © effect of cold shortening.

W Ntan:

Ny tnte”m‘ portion of the loin was in general more tender

:Wer in DO'SLErior portion. pHj-values are however slightly

giinSt his region of the muscle and it is better protected
© effect of chilling.
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:"’linngquet’{\ditions on the factory with best and poorest
i:”ditiuna“t)‘ were in fact not that different. Process
N Not le: should be arranged so that the time in the tunnel
" apg ,. NN 60 minutes, if problems with cold shorte-
N 0 be avoided.

f
:L‘intzct;"")’ with cold shortening has never received com-
Pa'“ber onUt tough meat, probably as a result of the
ththe’ o Susceptible pigs (high/medium pHj-values) being
a; Othep and the intramuscular fat level higher than on
n]usted faCtpries. The chilling conditions are now being
%y, - OR this factory, so that cold shortening does not
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f:megregmmary work on eating quality in pork chops
wh.”lsh abaCShAOW that there were differences between
Qageh - toirs with respect to tenderness, differences
Q%?_cit 0‘; Not due to variations in water holding
tay PMmeg th'H'\t:ramuscular fat content. Further work
fElderneSs Is and showed moreover that variations in
3 dlong the longissimus dorsi muscle were
Y, Sareg €mperature differences in the meat just after
Uitione oos left the chilling tunnel. Thus, chilling
S€emed to be indicated.

shﬂpe Qfaxsst knO_er to affect tenderness in beef and lamb,
 ten; =+ Chilling can cause the phenomenon of cold
athg:neral' old shortening in whole pig carcasses has not
3 PAthingseen Considered to be a problem due to among
wefcxt : fat cover. However, pig meat does have the
1980"’ bo Cold shorten if conditions are right, eg. hot or

meat with slow glycolysis (Fischer et al.

) t .
Pler, 19g6)
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The aim of this work was, therefore, to investigate the
effect of chilling method on tenderness in pork chops.
Chilling processes on Danish factories are becoming more
effective all the time and it is essential to ensure that
this does not lead to a deterioration in eating quality.

MATERIALS AND METHODS

The investigation was carried out on four factories with
different chilling conditions - an extremely effective, a
long but medium chilling, an average effective chilling
and a traditional batch chilling:

Factory Time Average Average Average
on air air temperature
tunnel temperature speed fall
1 47 min. -25.50C 3.5 m/s 260C
Z 127 min. -10.0°C 1.5 m/s 28°¢C
> 60 min. -24.0°C 3.0 m/s 28°€
4 (25 hrs) -109/40C 0-1 m/s 270°C

The average temperature during equalisation was 4-6°C for
the factories with chilling tunnels i.e. factories 1-3.

The experimental material consisted of pigs with high pH;j-
values but normal ultimate pH-values, i.e. pigs which would
be expected to show cold shortening if conditions are right.
Two pH-levels were chosen - high (>6.5) and medium (6.1-
6.5) and the pigs had a similar meat content and slaughter
weight. In addition, 3 levels of intramuscular fat were used
to ascertain any interaction between fat level and chilling
process (fat levels below 1.3%, 1.3-1.9% and >2.0%).

Thus, on all four factories a number of randomly chosen
pigs were investigated for pHj-value at two points in the
longissimus dorsi muscle and rigor values were assessed
subjectively in the semimembranosus muscle using a scale:
1 = extreme rigor, 2 = in rigor, 3 = slightly in rigor, 4 =
relaxed. As far as possible the temperature profile in all
pigs was measured across the longissimus dorsi muscle at
the same positions as above just after leaving the chilling
tunnel - or at the end of the slaughter line for the factory
with batch chilling.

In pigs within the required pHj-ranges a number of
longissimus dorsi muscles of presumed good water holding
capacity and varying degrees of marbling were chosen the
day after slaughter using the MQM-equipment (Barton-
Gade and Olsen, 1984). Only muscles with normal pH2-
values, i.e. below 5.9, were taken into consideration.

The muscle was then divided into two portions, A & B, and
samples taken for water holding capacity (soluble
sarcoplasmic and myofibrillar proteins), analytical fat
content (SBR-method), shear force value (Volodkiewich
jaws, 85% penetration), sarcomere length (laser method)
and taste panel evaluation (Bejerholm, 1984). The samples
for water holding capacity and intramuscular fat content
were minced twice and then frozen until the analysis
could take place. The remaining samples were vacuum-
packed and aged at 2°C until 7 days after slaughter
before freezing.

The final choice of samples was based on the results for
water holding capacity and analytical fat content. Thus,
all samples had a good water holding capacity and similar
fat levels at A and B.

The results were treated statistically using an analysis of
variance (SAS, 1982) with factory, pHj/intramuscular fat
group and measuring position as variables.
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RESULTS

The results of the analysis of variance are shown in Table
1 and some interactions in Table 2. Factory, pHj/intra-
muscular fat group and measuring point all affected taste
characteristics in pork chops. There was only one signifi-
cant interaction (factory x pHj/intramuscular fat content
for flavour).

Influence of factory

Factory 1 had a much poorer eating quality than the
others with on average an unacceptable eating quality,
mainly as a result of tougher meat. Factory 3 had the best
eating quality with factory 2 and 4 intermediate. The
percentage distribution in good, acceptable and unaccept-
able eating quality confirmed the average figures:

% chops with

acceptable
eating quality

unacceptable
eating quality

good
eating quality

Factory 1 57 28 16
Factory 2 12 38 50
Factory 3 9 26 65
Factory 4 13 42 47

57% of the chops from factory 1 had an unacceptable
eating quality and only 16% a good quality. For factory 3
only 9% were unacceptable and 65% had a good eating
quality.

There were some differences between factories with
respect to slaughter line measurements and water holding
capacity/pHg-value, but these differences could not
explain the results for eating quality. However, shear
force values were higher and sarcomere lengths shorter
for pigs from factory 1 than for pigs from the other
factories. The results imply therefore that cold shortening
has occurred on factory 1.

As expected, the effect was most pronounced for pigs
with high pHj-values and low intramuscular fat levels:

Tenderness score

Measuring pH1
position level fat <1.3 fat 1.3-1.9 fat >2.0
>6.5 -2.1 -0.9 -0.2
A
6.1-6.5 -1.3 -0.8 -0.1
>6.5 -1.9 -0.9 -0.0
B
6.1-6.5 -0.2 0.6 1.5
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At high pH)-levels the average tenderness score wf:
unsatisfactory regardless of intramuscular fat leve!
measuring position. Even the medium pHj-level sho"’;
unsatisfactory tenderness scores for posii’ion A. hei
changes were accompanied by corresponding difference®
sarcomere lengths and shear force values (Table 2). Thu;
sarcomere lengths were shortest and shear force val®
highest in meat with high pHj-values, and position A ne?
shorter sarcomeres and higher shear force values the"
position B for meat with medium pHj-values.

Higher intramuscular fat levels could partly offset th?
negative effects of cold shortening but the aver?
tenderness scores were still not satisfactory even at ‘
highest level in the groups showing cold shortening.

The temperature profile in the longissimus dorsi muscle}a[
the end of the chilling tunnel is shown in Table 3 for pid?
with pHj-values higher than 6.5 together with p
corresponding values for shear force and sarcomé’
length. Pigs from factory 1 had the lowest temperatur€ "
the part of the muscle closest to the midline but *
highest values further towards the centre of any of [,
factories and hence the largest temperature differe%
within the muscle, especially at position A. Factofyé
showed slightly higher/lower temperatures at the abo"
position, while factory 2 and 4 showed a complete!y
different picture. There was a systematic differenc® g
shear force values and sarcomere lengths across .
muscle a difference which only partially followed
temperature profile. For position A (the lumbar reglﬂe
the part closest to the midline had the highest shear f°
values and the shortest sarcomere lengths. For positio”
(the thoracic region) the opposite tendency was aoparene'
These differences are probably due to the position of tn
carcass in relation to the ventilators during the early P
of the chilling process.

Influence of pHj/intramuscular fat level
As expected, intramuscular fat levels affected ast?
characteristics to a high degree. The most tender M*°,
with the best flavour was obtained with the highefge
intramuscular fat level. There was a tendency fof {;u‘
intermediate level to be better than the lowest leve gl
the means were not significantly different in this mater!
e
pHj-levels on the other hand affected taste characteflst;d.
to a much lesser extent, although as previously menti? old
there was an effect of pH)-level at factory 1, wher

shortening occurred.

Influence of measuring position

: : , . musc?

The posterior portion of the longissimus dorsi miral‘
(position A) was less tender and had a lower ‘OVPH“
f

acceptability than the anterior portion (position B o
values were however slightly lower in the latter regio ef
the muscle and intramuscular fat levels are slightly h'gably
Sarcomere lengths are also longer at position B, PFDDCLEJ‘
as a result of this part of the muscle being best Prot®
from the chilling, combined with possibly a greater de’

of stretching.

DISCUSSION

old
The results of this experiment have shown that »lcliﬂg
shortening can occur in intact pig carcasses, if Cm,ae
conditions are sufficiently severe - as seems to be me:me
on factory 1. The higher the pHj-value and the 10WE" jn¢
intramuscular fat content (i.e. the leaner the P9/
more severe the effect. The portions of musclé
exposed to the chilling effect are most affected.
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¥ fagy difference between the temperature profiles in Bejerholm, C. (1984):
d "agy Plgs 1 and 3 with the poorest and best eating quality Experience in taste testing fresh pork at the Danish Meat
of tendect“’el)‘ was not very large, when the differences in Research Institute. Proc. 30th European Meeting of Meat
st °°Premess are taken into account, although the latter Research workers, Bristol, England, pp. 196.
! iargaspc’“d to differences in shear force values and 1 Y
il iy diffmere lengths. However, the process time in the tunnel Fischer, C., Honikel, K.O. and Hamm, R. (1980):
@ . 'STent - 47 mins. for factory 1 as against 60 mins. for Cold shortening in the dark and light musculature of cattle
o - - .
Ventilry-}- In addition, there are differences in the and pigs. Fleischwirtschaft, 60 (2) 263.
the Qatlon System. The ventilators are further away from S.A.S., (1982):
Unjs, rCasses in factory 3, so that the air stream is 2 b 2 y : e
the 'm without large variations in velocity. On factory 1 Users guide. Statistical Analysis System Institute, Cary,
”“mer- Stream is concentrated with speeds of 12-15 m/s NC, pp. 139.
e '3tely under the ventilators falling to zero outside !
for, AT gp ’ Ak Steier, S (1986):
acto ream itself. The reason for cold-shortening -on = - 2 .
iy BYS bt not factory 3 are probably to be found these Warm boning of pigs in relation to meat tenderness. Proc.
ErencEs h Bresss donditiohs I, 32nd European Meeting of Meat Research Workers,
N

Ghent, Belgium, pp. 89.
PEtEi\?Ctor)’ where cold-shortening has occurred has never
o ¢ eed Complaints about tough meat probably as a result
oy MUmber of pigs with high pHj-values being rather
Uhey .- the intramuscular fat levels higher than on the
0 thisafctm'ies- Chilling conditions are now being adjusted
5 3Ctory, so that cold shortening does not accur.

Soh o

eitingehllling was, incidentally, expected to give the best
milq‘ Quality in pork chops, as the chilling is extremely
Aoy, © results of this experiment show, however, that
thatt Chllling gave an intermediate eating quality and
Effeq _le best eating quality was obtained with an average
Hfgey ' tunnel chilling. The reason for the intermediate
“ply;- O batch chilling on tenderness is difficult to
anrte . 'TOm the results of this experiment. Rigor
Taot "9 could be a possible reason for the observed
it ’a Ut sarcomere lengths were significantly longer
akCh chilling so that shortening does not seem to

X &N place.
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Gade, P.A. & Ol E.V. (1984):
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e 2ure Nship between water holding capacity and
bedt qum?”ts carried out with the automatic Danish
St\,.n 8lity probe. Proc. Scient. Meeting "Biophysical
| Scle analysis", Vienna, Austria, pp. 192.
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tey, Results of the analysis of variance

2 =i = nei d nor bad, -5 = poar.
with different superscripts are significantly different. Taste panel results: +5 = ideal, 0 = neither goo 3
Piticance; NS = not significant, * = p < 0.05, ** = p <0.01, *** = p < 0.001.

By Significence
Factory Pasition
Group
N High pH) Medium pH)
Factory Position
low medium high low medium high 1 2 3 4 A B Group
\ tat fat fat fat fat fat
Mmq\ 13 2 25 2 2% 27 38 30 3 32 136 136
Nl cee NS -
s 3.81 . .
i) ab “usb 3.70 3.95 3.85 .
S 3.88%0 | 4.008 | 4.00° | 3.680 | 3.93 3.49 A 0 Bl g o N 4
Temg 6.628 6.632 6.628 | 6.20° 6.180 6.16 .35 6.3 ; e : = 3
[ Saggn, e, og 3640 36.72 3.6 | 36.72 36.80 37.40 38.4¢ 37.30 38.5¢ :s.nb 36.8 g b g "
| "":m" “eight, kg 6.3 67,90 7.8 | 6278 67.3b §9.42 70.49 66.10 71.20 65.1 s - = b )
’W& 58.58 56.5b¢ 56.7° 58.58 56.4b¢ 55.8¢ 57.3 56.6 573 57.1 -
" : “es .
g e 2 5.56 5.49 5.45 5.48 5.678 | 5.470 5.328 | 5.54¢ 551 .88 NS & %
e v e ) 186 c b 0.1808 0.1830 1792 0.1833 0.180 .
X inge. 19ing capacicy | 0.18380 | 0.1848 | 0.177¢ | 0.1863 | 0.1805¢ | 0.179¢ | 0.183 s ’ i et 2 & 3
Sy ™ 1.04€ 1.560 3.038 | 1.06¢ 1.510 3.062 1.89 1.92 1.84 1.s,b 1. L <l s T
g e 98.20 5.7 86.3% | 101.2° 80.28 83.88 | 117.8¢ 87.40 73.50 85.6 ?x.ab oh - ot )
T lengtn 1 as 1 !;.J 1.85 1.83 1.85 1.84 1.75¢ 1.86° 1.86b 1.900 1.81 1.
r . - : . .
r:ltqm"‘” 37 3.37 3.46 3.40 3.50 3.52 3.340 3.39ab 3,498 3.43a0 3.370 3.458 :s. o I
) - - s . : i
T i 06¢ 1.658 2.133 | 1.38dc | .48 2.108 1.48 1.68 1.83 1.55 ..saa : :2. . e =
“"%n‘“ 0'9)9 0.96" 1.92¢ 0.940 1.388d 1.708 -0.51¢ 1.8680 2,27 1.590 1.02 e : ! =4 £
D™ 2.34¢ 2.58bc | 2.843 | 2.623 | 2.8385 | 2.7980 | 2.s8b 2,640 3.040 2.600 z.ssb 2 ? . Far ge A
wY 0.3 0700 1.598 | 0.620 0.912 1.538 | -0.44¢ 1.4080 1.708 1.120 0.75 1.4

183




Table 2. Some average figures for the various experimental groups in relaticn to factory and position along the longissimus dorsi

muscl

value/sarcomere length across the longissimus dorsi muscle.

Position 1 and 5 are respectively closest to and furthest from the midline of the carcasses.

A < |
high pH] medium pH] high pH) mem@

Factory Property low medium high low medium high low medium high low medium m@:‘
fat fat fat fat fat fat fat fat fat fat fat J
.13
pH1 -value 6.55 6.57 6.66 6.17 6.19 6.11 6.50 6.56 6.56 6.10 6.17 ]
% intram. fat 0.86 125 3.01 1.02 1.48 2.86 1.01 1.84 3.58 1.06 1.56 ’iﬂc
Shear force 153 118 109 137 98 108 149 119 108 120 91 i
1 Sarc. length 171 1.70 1.74 1.74 1.73 1.76 §ih 1.74 1.76 1.83 1.81 3';:\
Flavour 0.81 1.81 1575 1.06 1.38 1.70 1.36 1.76 1.92 1.15 0.79 il
Tenderness 200 -0.86 -0.22 21,26 -0.79 -0.13 -1.86 -0.53 -0.03 -0.15 0.62 “;a‘
Overall acc. -2.00 -0.63 0.02 ~1,33 -0.59 0.10 | -1.67 -0.41 0.13 -0.26 0.17 l/‘
.
pH1-value 6.63 6.63 6.63 6.23 6.16 6.14 6.48 6.58 6.50 6.13 6.16 °’if‘
% intram. fat 1.19 1.36 2.52 0.98 1.54 3.32 1.21 1.63 2.85 1.10 1.69 }‘s;
Shear force 94 106 84 100 68 85 88 93 79 95 79 . 80
2 Sarc. length 1.86 1.82 1.86 1.81 1.82 1.85 1.96 1.85 1.89 1.86 1.88 2
Flavour 1.42 2.14 1.78 1.26 1.91 1.92 2.11 1.44 1.44 iy 1.46 2
Tenderness 1.11 1.69 1.39 0.85 2.18 1.84 157 2.19 2.81 1.31 2.31 o

Overall acc. 1.00 1.58 1.06 0.72 1.53 1.62 1.58 1.47 1.86 0.78 1.36 “
P
pH-value 6.80 6.77 6.66 6.23 6.22 6.15 6.70 6.64 6.66 6.19 6.18 o
% intram. fat 0.96 1.63 2.88 1.08 1.38 2.37 1.10 1.78 3515 1.18 1.49 “n
Shear force 72 68 64 74 74 62 76 77 65 92 83 8
3 Sarc. length 1.81 1.83 1.85 1.83 1.83 1.80 1.95 1.89 1.93 1.83 1.88 b
Flavour 0.81 1.86 2:33 1.38 1.61 2.17 1.52 1.84 2.57 2.00 1.72 2
Tenderness 1.85 2.22 2.65 1.95 1.70 1.98 2.93 2:27 3.50 2152 1.83 LAl
Overall acc. 0.89 1.78 2.17 1:37 joid 1.89 1.93 1.56 2.74 1.83 1.33 /i
4’4 ¥
pH)-value 6.70 6.70 6.71 6.34 6.22 6.21 6.60 6.60 6.60 6.20 6.12 ';fw
% intram. fat 0.89 1.39 2.75 1.06 1.39 2.69 1.10 1.51 3.55 1.03 1.59 7
Shear force 76 95 94 102 75 79 79 98 89 90 75 1 9
4 Sarc. length 1.85 1.86 1.89 1.83 1.91 1.85 1.98 1.96 1.88 1.88 1.9 )
Flavour 0.56 0.96 2.50 . 1.5 1.43 24100 1 Sart 1.40 2.76 1.51 1.76 | o8
Tenderness 1522 0.26 2.70 1.07 1.24 1.47 2.05 0.44 2.54 1.40 1.98 ;,e‘»
Overall acc. 0.61 -0.02 2235 0.82 0.80 1.64 0.39 0.31 2.64 1.00 1.56 /
fo

Table 3. Temperature profile at the end of the chilling tunnel/slaughter line in relation to variation in sheal

_—/
A B
Factory| Property /
1 2 e 4 5 1 i 3 45/
Temperature, °C L 1292l 21.6 2859 u.> 8.1 14.5 15.5 14

1 | Shear force 141 121 108 116 124 113 111 114 126 1“2
Sarcomere length 1,307 o 3aT0 ¢~ 1aB2 e 3. 15. 0 Dadh  Soy i s -t gl B S Sy 1/7
Temperature, °C 15X 1070 134 14.7 5.2 7.0 9.8 12.4 13.4 6‘;

2 | Shear force 122 108 90 93 91 77 84 85 88 99
Sarcomere length 1.80 1.84 1.85 1.88  1.89 1.90 1.90  1.90 1.86)
Temperature, °C 2.6 11.8 17.4 177 14.7 1.4 g g 12:8 13.8 5'?

3 | Shear force 74 66 63 63 71 71 69 67 70 96
Sarcomere length 1.79 1.83 1.86 1.85  1.86 1,981 kI3 i 1.91 1.8&
Temperature, °C D65t 32T Sy S 27,3 33.9+ + 35,5 . 35.1 3‘*"2

4 | shear force 104 92 86 85 93 87 88 84 95 } .
Sarcomere length 1.84 1.88 1.88  1.88  1.87 185 .97 1830 191 4
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