B/

N
FURTHER INVESTIGATIONS INTO RELATIONSHIPS BETWEEN MEASUREMENTS CARRIED OUT ON THE SLAUGHTERE
AND PIG MEAT QUALITY THE DAY AFTER SLAUGHTER

PATRICIA A. BARTON-GADE
Danish Meat Research Institute, Roskilde, Denmark

INTRODUCTION

ur
Previous work carried out at the Danish Meat Research Institute has shown that measurements of rigor, pH, and tempersrtciﬁJ
carried out on the slaughter line could not be used to predict which pigs would develop PSE- or DFD-meat in com™ uscle
experiments. While most pigs with PSE-meat showed early rigor development, low pH,-values and higher than norma lity the
temperatures 45 mins. after slaughter, many other pigs with exactly the same measuréments showed a good meat qué . ghe
day after slaughter (Barton-Gade, 1979). Further work (Barton-Gade, 1978) showed that pre-slaughter treatment affect Ood,
relationships concerned. Pigs with an absolute minimum of physical and psychological stress before slaughter Shov‘f'eormal‘
relationships between slaughter line measurements and meat quality characteristics. However, when pigs received 8 o an?

treatment, i.e. transport on a lorry, holding period in the pens, etc., these good relationships no longer existe™
measurements of rigor and le could not be used as predictors of PSE-meat.
ple
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These results were given the following interpretation: Pigs with sufficient energy reserves at the point of slaughter will bf plgs

to show their heritable disposition for meat quality. Meat quality will therefore show maximum variation for the grouP thofe
concerned, and relationships between slaughter line measurements and meat quality characteristics will be good 2" coulj
expected from theory. If, however, pigs have used a certain amount of their energy reserves before slaughter, then they’ gl
not always show their heritable disposition for meat quality. The variation in meat quality characteristics wil aa Ve’
relationships between slaughter line measurements and meat quality characteristics will no longer be good. All thiaugh:ef
mentioned work was carried out on pigs, which did not show DFD-meat, so that a final judgement on the usefulness Qf o
line measurements could not be made. This paper describes further investigations using Danish progeny testing
experimental material.

MATERIALS AND METHODS P
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The experimental material consisted of 2006 Danish Landrace pigs slaughtered at about 90 kg live weight. The pigs, Wthl(caarton'

all tested on one station, were slaughtered over a period of 18 months after a standardised pre-slaughter treatmen
1974).

All pigs were investigated for the following:
Slaughter line about 45 mins. after slaughter

Z

igor
1. Rigor in the semimembranosus (SM) muscle (Sybesma, 1966) - higher values corresponding to a greater degree of rlgyo pSE’b

2. Colour/structure in SM and the gluteus medius (GM) muscle subjectively: 1 = extremely PSE, 2 = PSE, 3 = slightl
normal

35 pH; in 5M, GM, longissimus dorsi (LD) at the 13th rib and the semispinalis capitis (SC) muscles

The day after slaughter

d

1. Colour (reflectance at 535 nm) in the uncured biceps femoris (BF) and cured LD muscles (Barton, 1972) imes gl

2. Subjective evaluations of the structure of these muscles using the above 4-point scale, each sample being judged 6

the result given as the average

3 pHZ—values in SM, BF, quadriceps femoris (QF), LD, serratus ventralis (SV), SC and triceps brachii (TB) muscles i .
hicl gy

Colour measurements and subjective evaluations of structure are thus carried out in 2 typically "white" muscles 3wtyp'c$;e

particularly prone to the PSE-condition, while pH,-values are measured in 7 muscles, 3 typically "red" (QF, SV,'SC)’ aiﬂed'

"white" (SM, BF, LD) and one intermediate (TB), 8o that a good impression of the DFD-status of the carcass is ©

total impression of the PSE- and/or DF D-status of each pig was estimated using the following scheme:

PSE-status DFD-status
Colour value Subjective structure |Number of muscles
Group Description Uncured Cured Uncured Cured with higher than
BF LD BF LD normal pH,-values
Both muscles extremely 319.7 >15.0
Extremely PSE PSE or one extremely PSE, )16‘5 )18'6 0,1,2,3,4,5 0r 6
the other PSE . :
PSE Both muscles PSE 16.6 - 19.7|15.1 - 18.6 0,1,2,3,4,5 or 6
: One of the muscles PSE, <16.6 215.0
Slightly PSE the other acceptable 216.5 &5, 1 0,1,2,3,4 or 5
One or both muscles with 4.0 <3.7
a tendency to PSE with <43.7 4.0
Tendency to PSE | the subjective evalua- <16.6 <15.1 3.8 <3.7 051,243,445 or 6
tion but colour values L30T 3.8
good 3.7 £3.7
None, or only single com- 4.0 4.0
ments of "slightly PSE" 3.7/3.8 4.0 7
Not PSE with the subjective evalu- 4.0 37738 0,1,2,3,4,5,6 or
ation. Colour values good 3.8 3.8

The above limits for colour values were determined experimentally and are valid for Danish Landrace only. pH,-values 2 5.70
(LD),75.80 (SM), 75.90 (BF and TB), 76.10 (QF, SV) and 2 6.30 (SC) are considered to be higher than normal fot pigs with the
standardised pre-slaughter treatment.

50




mUSQT feW. Cases where the BF or LD muscle had higher than normal sz-values, the PSE-group was determined using the
b DHW Ich was not DFD. Within this scheme pigs which were "Not PSE'" or showed a "Tendency to PSE" with 0 or 1 muscle
Sgn OTZJVEIUes higher than normal are considered to have a completely acceptable meat quality. Pigs, which were "Extremely
pH"ValuesSE“’ are considered to be PSE, while pigs were considered to be DFD if 5 of the 7 muscles had higher than normal

ESULTS

S
et
at e . z 5 e A : 2 s
5"Dresselon coefficients Relationships between individual slaughter line measurements and meat quality characteristics,

ielatiun .88 correlation coefficients, were generally low to medium (r = 0.2 - 0.5). One of the reasons for this was that the

i:mte" m'ps were not linear. High rigor values were found in pigs which developed either PSE- or DFD-meat. pH,-values in
thereasin uscles showed good relationships with colour values up to a pH,-value of 6.0, whereafter there was little cflnange wit_h
the _E le- Similarly, there was little relationship between pH, in t}]e "red" muscle, SC, and pH,-values in "red" muscles in
he ablov ange 5.5 to 6.3, whereas the relationships were much better in the range 6.4 to 7.1. Attempts were made to express
tweg & relationships using multiple correlation coefficients. However, there were such highly significant interactions
QPQ € various slaughter line measurements themselves, that this approach was rejected.
4pi
Er;\degg;tc‘-‘_%g to meat quality the day after slaughter Grouping the experimental material using the scheme described
% D_stat €rials and methods" showed, as could be expected, that the number of PSE-pigs decreased rapidly with increasing
ty 8. The most reliable estimation of the relationship between PSE-group and slaughter line measurements was therefore

ineq

§ 3

Tla“qhterfmm pigs with DFD-status 0 or 1. Similarly, the most reliable estimate of the relationship between DFD-status and
)

p le | S“”e Mmeasurements was obtained using pigs which were "Not PSE".
Verge2laughter Jine measurements for PSE-groups with DF D-status 0 or 1.

ge :
W significantly different (p <0.05), are given different superscripts.
SE\grQUp No. Rigor |Colour/structure pH]—va1ue Colour/value
of SM SM 1 GM SM T GM e FNSE Uncured | Cured
Em\ pigs : : : : BF | LD
: Eme] 1 | 1 1
N ¥ PSE 100 g8 13.%. las® 5.582 15462 1548 !6.03% | 20.58% }18.5°
: : : : : :
1 1 ] 1 ]
g 136 8.9° [3.4° 13 |s.e8® is5.51® i5.49° !6.08° | 18.2° | 16.6°
fahty E E : : E
! PSE 34 | 7.8° 3.8 137 [5.92° is5.76° (579 1614 | 171 ! 4.4
Ene i i i i |
: Y Pse 449 7.0 la.0d 1399 1679 16026 15.98° !ea7® | 1499 ! 2.7
1 I 1 1
" by : : ! i :
EET“--..___, 415 g.20 gl R et e a7 L Bae® LBt L6815 | 13ER | Tt
mae 1sh 1 ! ! 1 !
hEi:\e exudl;\:ii that with increasing severity of the PSE-condition, the pigs showed earlier rigor development, became paler and
ty nd the € and had lower le-values in "white" muscles. The differences were generally highly significant, the exceptions

P r 1 :
mthSE" ando.L.JpS "Extremely PSE" ‘and "PSE", which were not different for rigor and most pH,-values, and the groups "Tendency

frnm‘nereBsinpsE", which were not different for colour and structure. pH,-values in the SC muscle showed a smaller decrease

\ Ong aﬂotﬁ Severity of the PSE-condition than "white" muscles did, but even here the extremes were significantly different
er

able i

L)FD 2 shOWs

f th:“nditio i comparison of DFD-groups for pigs which were not PSE. It can be seen that with increasing severity of the
Yy al ‘VaT’ the pigs showed earlier rigor development, a tendency to lower pH,-values in "white" muscles, and an increase
Uy, g Y8Ue of the SC muscle. The difference between DF D-groups was not always significant, but in general DFD-group 0

! ys o
Tablghter li s‘gnlflcantly different from DFD-groups 6 and 7. Colour and structure were more or less always normal on the

NS Sllne for all DF D-groups.
Sranla .
3ge5 wuh_htEP line measurements for DF D-groups for pigs which are not PSE

DFD * Which are significantly different (p 0.05), are given different superscripts.
Sty -0
g 22' Rigor | Colour/ pHy-value pHp-value
D3 SM structure '
i SH 1 GM | SM_ 1 GM 1 LD 1 SC | M i BF 1 G 1 D 1 SV 1 SC 1 18
1 218 5.2 | 4.0 t4.0 l6.40° !6.30° 56.18a ;s.zoa 5.48% ;5.57a E5.76a 15.47% 15.94% 15.96% !5.70°
] 1 1 1 1 1
2 | 137 | 6.8 [4.0 ta.0 l5.30° 26.20b ;s.ogb 16.23% 5.500 15.64° 55.98b 55.50b 56.12b 56.19b i5.77
31108 |70 |40 3.0 [5.3P 16.14%% 6.08" 16.33° |5.53 15.69° 16.10° 15.51° 16.26° 16.36° '5.80P
] 1 1
¢ | 107 | g4¢ {39 3.9 [6.27P 16.13°¢16.15%% 6.47¢ 5.55°%} 5.77¢ §6.24d 15.54¢ ':6.37d E6.48d 15.90°
5| %7 |84 3.9 i3g [619P 16.10°¢ 6.02 |6 53¢9|5.589 15.83° 16.38° 15.55¢ 16.44° 16.58° 16.03
0 | % |g.9° (4,0 4.0 [6.30%0 16.17°% 6.17%P €.56¢ | 5.71° 16.077 i6.46" i5.62° i6.517 16.63"7 i6.17°
Pl hoad a9 fas fe21® i5.97¢ l6.00° 6.59¢ |5.867 {6.179 16,519 i5.75° i6.547 16.70% i6.27"
' S i o efl h |
S 18.6% 4.0 4.0 J6.40%" !6.46 6.362P! 6.66%5.969 i6.29" 56.64“ i5.66f :6.55ef:6.69h 16.24%"
o : T DEETEErE e
N P : SR S BT LK ST S
E:: SXpg, 2 show that the relationships between slaughter line measurements and meat quality characteristics are on average
Yoy e Cted from theory. However, dividing the experimental material into various groups of slaughter line

- Smg : .
Dre%lnatic,r?ts/eValuations and calculating the meat quality for each of these, gives a much less clear cut picture. For any one
i”atEUO slaughter line measurements, pigs from nearly all meat quality groups could be found, although some types
Ith certain combinations.
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Evaluations of colour and structure on the slaughter line, even though they showed good relationships with me'at gufarorﬂ
characteristics, could not be used in practice as predictors of meat quality because there were so few pigs which devlamdp e
normal with respect to this characteristic. In any case there was a significant interaction between colour/structure 87 "reéﬁ
values. Concentrating on pH,-values and rigor 45 mins. after slaughter, and using various pH,-limits for "white" an ety
muscles respectively, 78% of the PSE-pigs, 73% of the DFD-pigs and 79% of the pigs with comp}etely acceptable meat_(?ergble
could be predicted (Table 3). While PSE- and DF D-pigs could be clearly distinguished from one another, there was a cons!

overlap between these 2 groups and pigs with an acceptable meat quality.

me’
Table 3. The best combination of rigor and le-values for the separation of pigs with a PSE-, DFD- and an acce table
quality

g
S
See "materials and methods" for the definition of PSE-, DFD-, and acceptable meat quality. Note that a few of thes€ pig
outside the rigor/le-groups shown in the table, so that the percentages do not add up to 100.
. h |
pH,-value % of pigs w;;i
"white" acceptab (1
Rigor 45 mins. after muscles SC % of PSE-pigs % of DFD-pigs qua11tY85w
slaughter average (N =197) (N = 69) M
In rigor/partially in rigor {5.8 All ‘
7.7 1.5 10.2 !
Not in rigor <{5.8 6.5 ‘/
Al 5.8 36.5 0.5 72.5 10.1 l
Al 5.8 <6.5 20.8 26.1 78.7

d

- (20.8%) ige
igor OnpsE'
othehan in

These 3 meat quality groups could not be separated more clearly in this experiment because 41 of the 197 PSE-piQ
18 of the 69 DF D-pigs (26.1%) did not show the expected slaughter line pattern. The atypical PSE-pigs were not In r
slaughter line, they were normal in appearance and pH,-values in "white" muscles were significantly higher than In '
pigs (Table 4). The atypical DFD-pigs were not in rigor on the slaughter line either and le-values were also high®
other DF D-pigs (Table 4).

Table 4. Comparison of PSE- and DF D-pigs with atypical slaughter line measurements and other PSE-/DF D-pigs
Averages which are significantly different (p<0.05), are given different superscripts.

ot

me,

blé . gif

21% of the PSE-pigs and 26% of the DFD-pigs could not therefore be distinguished from many pigs with an 6003552 0 ‘,ne
quality using slaughter line measurements. The higher le-values in the atypical PSE- and DFD-pigs was probﬂblY q ua,llnrﬂ

rigor values, as there was a clear relationship between these 2 slaughter line measurements for any one meé?2 : igs did
the greater the degree of rigor, the lower the leovalues. The question can thus be limited to why these al:yplcal P
show early rigor development. it
witl o
at on

8
2 atypical PSE-pigs and 5 atypical DFD-pigs were slaughtered during the first 6 months of the experiment, SO thct.lvely- 8
litter comparison was not possible. The other atypical PSE- and DF D-pigs came from 33 and 13 litter groups reSPf‘ an &
boar had 2 litter groups with atypical PSE-pigs and one had a litter group with an atypical PSE-pig and oné wit ic lplgﬁ’ of
DFD-pig. 3 boars were grandsires to 15 of the 33 PSE litter groups and 4 of the 13 DFD-groups. More than one‘atyp or ps
found in 7 of the PSE litter groups and 1 of the DF D-groups. However, there were just as many litter groups with 0
DF D-pigs, which showed the expected slaughter line pattern (7 PSE-groups and 2 DF D-groups). 5
: . 1)
Atypical PSE-pigs were often slaughtered on the same day (2 days with 4 pi i i i igs and b
3 A i . / pigs, 4 days with 3 pigs, 4 days with 2 pig et}
w1th.1 pig), while atyplcal. DF D-pigs were only seldom so (3 days with 2 pigs E;nd 7 days with q ?)i:;). Ony3 separate Uccasf of e
atypical PSE- and DFD-pigs occurred. Over 80% of the atypical PSE-pigs were slaughtered during the warmer montP
year, while the atypical DF D-pigs were slaughtered over the whole year.

DISCUSSION . P
ny °, g
The pigs in this experiment have probably had a pre-slaughter treatment which in many ways is more "normal" thﬂf’assport;gn
experimental groups in the previous experiment. Among other things, leaving the home pen, loading onto a lorrys trt of Dﬁ; of
off-loading at the slaughterhouse were quite new to the pigs. The special factors in the pre-slaughter treatmen e PO g
progeny testing pigs are the efforts made to ensure that the pigs have as high energy reserves as possible 2 titioﬂs’ouse'
slaughter. Thus, the pigs have access to feed up to the point of collection; they are transported in a lorry with Parughtefh

skid floors and mechanical ventilation, and slaughter normally begins within 10 mins. of arrival at th

92

: Colour/ _ Colour/
A 2(;. Rigor e e PH, value N L pH2-va]ue : 5 |
3 1 I ] ] = ] [ i I ! IS |
pigs| SM | SH EGM SM : GM E LD E SC LCJEFE"ECEE“ SM ! BF | QF 5 LD ISV i lda
| | ! a:s‘g
] , o A 1 1 1 H i i P 3ip 80t
Atypical PSE-pigs | 41 [5.5% |4.0%14.0%6.012 15.81215.67% 1 6.11 |18.8 117.2 |5.441549%5 66% 5 362585 1> .
s RIS S A R
Other PSE-pigs  |156 |9.5° [3.2012.8%5.56° i5.42015.44P ! 6.03 [19.3 {17.4 [5.4a!55285 7255410597 il
1 1 ! 1 1 ! 1 ! !
1 i T T 1 T T T : a7
Atypical DFD-pigs | 18 5.7 [4.0 14.0 |6.56 16.4716.39%} 6.57 [11.6 $12.7 |5.756.05%6 45 is.67 1657 i® .
: Lo gt o ' ST O A S 1
Other DFD-pigs 51 10.59 [3.9 13.9 (6,174 15.99%16.04%! 6.50 [11.3 112.1 |5.78}613%6 50 I5.67 1653 i®
| ) 1 | | 1 i 1 '
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r"llﬁimalle""““ of these arrangements, progeny testing pigs must have used more of their energy reserves than pigs with the
A Stress in the previous experiment. That progeny testing pigs generally have good relationships between slaughter line
0 Shoy Ments and meat quality characteristics shows among other things that the pre-slaughter treatment must allow the pigs

Bir genetic disposition for meat quality.

testintho.“gh slaughter line measurements on average showed good relationships with meat quality characteristics in progeny
?f the F'))lgs, t_hey could not be used in practice to accurately predict which pigs would develop PSE- or DF D-meat, because 21%
Yo, Ma E‘P}QS and 26% of the DFD-pigs showed such an atypical slaughter line pattern, that they could not be distinguished
Mng ANY pigs with a completely acceptable meat quality. In practical experiments with Danish commercial pigs, therefore,
Demy ® usual methods of measuring meat quality on the slaughter line can be used as predictors of PSE- or DFD-meat,
§°’1clu8is a_i‘e.sult of a more prolonged pre-slaughter treatment and partly as a result of atypical PSE- and DFD-pigs. This
thepg (sen I8 in agreement with some research workers (Martin, et al. (1975), Raheli¢ et al. (1978), but does not agree with
N € e.q. Scheper & Schén, (1971), Scheper, et al. (1979).

Pre, . §
%xpenmSenCe of these atypical pigs seemed to be due to both genetic and environmental factors in this work, but the
"tal procedure did not allow a complete explanation of the phenomenon.
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