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SUMMARY

By u s in g  in f r a red  thermography p r i o r  to s tunn ing  of  
p i g s ,  we have been able to detect animals  that 
y ie lded  subsequent PSE and DFD meats as measured by 
water ho ld ing  capac ity  and co lou r .  Increased 
inc idence of meat q u a l i t y  defec ts  was observed with 
an in c re a s in g  s k in  surface  temperature from 70°F to 
95 F. Seventy three percent of  the p ig s  having 
thermographic va lues  between 90 *95 F showed meat 
q u a l i t y  problems c l a s s i f i e d  as moderate PSE (6%), PSE 
(391), moderate DFD (22%) and DFD (33%). A lthough 
in f ra red  thermography cannot p re d ic t  whether the meat 
w i l l  be PSE or  DFD, i t  seems a p ra c t i c a l  and rap id  
method to detect meat problems from l i v e  an imals.  An 
e a r ly  postmortem i d e n t i f i c a t i o n  of  meat q u a l i t y  by 
f i b e r  o p t ic s  fo r  example, could well supp ly  the 
m is s in g  in format ion.

INTRODUCTION

The halothane te s t  is  a u se fu l  means fo r  the 
screen ing  o f  PSS p i g s .  S ince  s t r e s s  i s  well known to 
increase metabolic  rate  in p ig s  (Ludv ig sen,  1954), i t  
could be argued that the subsequent heat produced 
could be measured as a s t r e s s  in d ic a to r  among l i v e  
animals  and used as an e a r l y  detect ion  o f  PSE and DFD 
meats. U n fo r tuna te ly ,  a recta l  thermometer cannot be 
of p ra c t i c a l  use on s I a u gh te r1ines where over 500 
P ig s  are k i l l e d  per hour.

Since animals  which lack  f u r ,  such as aqua t ic  mammals 
and p ig s ,  can achieve i n s u la t io n  by means of  a layer 
of  cold  sk in  which i s  v a s c u la r iz e d  and can be q u ic k l y  
changed from an in s u la t o r  to a ra d ia to r  o r  conductor 
through c i r c u l a t o r y  adjustments (Hoar, 1975), we 
thought that the sk in  su r face  temperature em iss ion  
measured by in f ra red  thermography on the l i v e  animals 
P r io r  to s tunn ing  could serve as a s t r e s s  ind ic a to r  
and enable us to p re d ic t  subsequent meat q u a l i t y .

m a t e r i a l s  and meth od s

Sk in  su r face  temperature em iss ion  was measured once a 
week on commercial crossb red  p ig s  main ly  from 
Hampshire, Y o rk sh i re ,  Duroc and Landrace by a portab le  
radiometer Raynger I I  (Raytek Co., N .Y., U .S .A .)  from 
Febryary 15th to March 1 5 th in a commercial s la ugh te r  
House.

For the measurements we c a l ib ra te d  the surface  
c m is s i v i t y  at 0.95 on the radiometer accord ing  to the 
r e t a i l e r  i n s t r u c t i o n s .  The radiometer takes four 
readings  per second. The minima, maxima and average 
va lues  are shown on a d i g i t a l  d i s p la y .  Having no 
reference po int  about the expected va lu e s ,  we f i r s t  
measured over 500 p ig s  to obta in  an average of t h e i r  
sk in  temperatures j u s t  before e l e c t r i c a l  s tunn ing.  
Thereafte r  we scanned over 2000 p ig s  on the dorsa l 
Part  from the neck to the t a i l  with the radiometer 
Held at two feet from the su r face .  The average 
temperature was re ta ined . Only 81 p ig s  having 
thermographic va lue s  over 70 F were re ta ined fo r  
fu r the r  meat q u a l i t y  a n a ly s i s .

At 45 minutes postmortem, a lon g is s im u s  do rs i  sample 
was taken at the f i f t h  lumbar vertebra  and pH 1 
measured with a g l a s s  needle e lec t rode  (Orion 91 -06 ).  
Samples were kept ove rn igh t  at A C. The next day, 
muscle co lou r  ( LD) was measured with a co lo r im ete r  
system 05 ( P a c i f i c  S c i e n t i f i c  Co., S i l v e r  Sp r in g ,  MD, 
OSA) u s in g  the Hunter Lab sca le  c a l ib ra te d  w ith  the

p ink  t i l e  (Lh= 70-38, ah= 22.71, bh= 9 .59 ).  L, a and 
b Indexes were re ta ined. pH2 and water ho ld ing  
capac ity  by the p re ss  method o f  W ie rb ick l  and 
Deatherage (1958) were a l s o  measured; water ho ld ing  
capac ity  was expressed as the % free  water.

RESULTS AND DISCUSSION

By c o r re la t io n  a n a l y s i s ,  the parameters rata ined fo r  
meat q u a l i t y  c l a s s i f i c a t i o n  were water ho ld ing  
capac ity  and l i g h tn e s s  (Lh) and Yellowness (bh) of  
the Hunter system. No c o r r e la t i o n s  were e s tab l i sh e d  
between redness (ah) and meat q u a l i t y .  Furthermore, 
pH1 does not seem to be re la ted  to PSE meats, whereas 
pH2 gave good agreement fo r  DFD.

A sca le  was e s t a b l i s h e d  from muscles where normal and 
extreme PSE and DFD were ev ident  (Table 1). Th is  
tab le  was used to a s s e s s  the meat from each animal, 
grades being a sc r ibed  on the b a s i s  of 2 o r  more of  
the 3 parameters which provided measurements 
corre spond ing  to the same category of meat q u a l i t y .

Yellowness va lue s  between 7-41 and 8.33, l i g h tn e s s  
va lues  between 40.63 and 43.56 and f ree  water va lues 
between 24.0 and 28.15 have been chosen as the l im i t s  
fo r  a normal meat appearance at 24 hours postmortem. 
Accord ing  to Jones et al'. (1984), l i g h tn e s s  i s  an 
important q u a l i t y  parameter o f  PSE Meats. We 
obtained a low but s i g n i f i c a n t  c o r re la t io n  between 
l i g h tn e s s  and water ho ld ing  capac ity  (r= 0.58) which 
I s  h ig he r  than that pub l ished  by Yang et a I . (1983). 
On the other hand, work by Swatland {7982) showed 
that changes in l i g h tn e s s  are more re levant  to PSE 
than s l i g h t  changes of  chroma coo rd inate s  (a and b) . 
Our r e s u l t s  showed that the inc rease  in l i g h tn e s s  
from DFD to PSE con d i t io n s  are p a ra l le le d  by an 
increase  in b v a lu e s .  S ince the co lou r  change of 
normal meat toward PSE seems to be from p ink  to 
beige, i t  i s  conce ivab le  to expect a response on the 
ye l lowness  a x i s  of  the Hunter system as a consequence 
of metmyoglobine formation due to lactate  
accumulat ion. In support o f  t h i s  view, i t  can be
seen in tab le  2 that these I s  no fu r th e r  decrease in 
ye l lowness  va lues  between muscle c l a s s i f i e d  s l i g h t l y  
DFD and those c l a s s i f i e d  DFD as was the case fo r  free 
water and 1 i g h tn e s s .

Table 2 summarizes va lues  obtained fo r  parameters fo r  
each meat q u a l i t y  c l a s s i f i c a t i o n  accord ing  to the 
l im i t s  presented in tab le  1, thus a l low ing  somewhat 
high standard dev ia t ion  fo r  some parameters s ince  the 
l i g h tn e s s ,  ye l lowness  and free water va lues  were not 
always i s  the same c l a s s  as mentioned e a r l i e r .  The 
tab le  1 c l a s s i f i c a t i o n  i s ,  however, va luab le  and is 
supported by the pH2 va lues  obtained fo r  normal, 
s l i g h t l y  DFD and DFD meats (Table 2) .  Accord ing  to 
Honikel and F isch e r  (1977) DFD meats have pH2 values 
h ighe r  than 5-8. Moreover, i t  can be seen that pH1 is  
o f  no va lue  for  PSE I d e n t i f i c a t i o n .  Th is  had now been 
w ide ly  demonstrated (Mart in  et a 1 . , 1975: Overstreet  
et a 1 ■ , 1975; Barton-Gade, 1979; Smatland, 1982).

We f i n a l l y  co r re la ted  thermographic va lues  w ith meat 
q u a l i t y  c l a s s i f i c a t i o n .  The r e su l t s  are shown in 
f i g u re  1. There Is  an in c re a s in g  incidence of meat 
q u a l i t y  defects  wigh an in c re a s in g  sk in  su r face  
temperature from 70 to 95 F. Seventy three percent 
of  p ig s  having thermographic va lues  between 90 and 
95 F showed meat q u a l i t y  de fec ts ,  c l a s s i f i e d  as 
moderate PSE (6%), PSE (39%) > moderate DFD (22%) and 
DFD (33%). Th is  confirms that higher frequency in 
meat q u a l i t y  problems i s  re lated  to h igher temperature 
em iss ion .  For the purpose of t h i s  study, however, 50 
o f  the 81 p ig s  re ta ined fo r  meat q u a l i t y  a n a ly s i s  were 
In the 90-95 F range, probab ly  not leav ing  enough p ig s  
at lower temperatures to get a real est imate of  the 
meat q u a l i t y  defect that could be encountered in the 
more normal range o f  70-80uF. Whether o r  not heat 
generat ing  p ig s  could be a ssoc ia ted  with the
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hyperthermia o f  PSS p ig s  i s  not c le a r .  The high 
inc idence o f  s l i g h t  PSE and DFD suggests  a 
thermographic va lue a ssoc ia ted  w ith  a p h y s io lo g ic a l  
response to a s t r e s s f u l  environment. In that sense, 
the ambient temperature should be taken Into  account 
in a fu r th e r  experiment, and c o r r e la t i o n s  e s ta b l i s h e d  
w ith  the halothane te s t .

CONCLUSION

Although t h i s  new approach s t i l l  needs improvements 
w ith  la rg e r  p opu la t ion s  over a wide temperatures 
range, thermography seems to be a p r a c t i c a l ,  rap id ,  
inexpensive  and n o n - in t r u s i v e  method that could be 
used on l i v e  animals  to detect meat q u a l i t y  problems 
re la ted  to PSS. However, I t  cannot d i f f e r e n t ia t e  PSE 
and DFD, but an e a r l y  postmortem measurement other 
than pHl cou ld  g ive  in t e r e s t in g  Information.

Table 1. Scale  f o r  meat q u a l i t y  c l a s s i f i c a t i o n

Meat quali ty bh Lh % free water

PSE Î Î Î
9 «21 46.50 32.30

moderate PSE 1 I I
8.33 43-56 28.15

«

normal « f 1 I
7- 41 40 . 6 3 2k o 0

moderate DFD ]
6 . 50

l

3 7 - 70

1
19-85

DFD J I I

Table 2. Mean values and standard deviation for meat quality parameters according to their c lassif ication 
table 1.

Meat qual1 ity Free water
{%)

Lightness
(Lh)

Yellowness
(bh)

pHl
(45 min)

pH2
(24 hr

PSE 2 9 - 7  ( 3 - D 1 4 9 - 53  ( 3 -8 ) 9 - 6 5  ( 1 - 57 ) 6 . 45  (0- 98 ) 5 - 7 4  (0
moderate PSE 2 8 . 7  ( 3 - 7) 44.21 ( 3 .21 8.89 ( 0 . 68 ) 6 - 43  (0. 92 ) 5 - 7 4  (o

norma!1 25. 3 ( 3 - 0) 4 2 . 2 6  ( 2 . 3 7 ) 8 - 2 7  ( 1 . 19 ) 6 . 5 2  (0. 25 ) 5 - 75  (°
moderate DFD 2 2 . 4  (3 -0 ) 3 7 - 4 2  ( 2 . 06 ) 6-58 ( 0 . 6 0 ) 6 . 3 5  ( 0 . 01 ) 5 . 8 8  (0

DFD 21 .8 ( 3 . 7) 37-1  ( 3 - 11 ) 6 . 7 9  ( 1 - 33 ) 6 . 4 2  ( 0 . 17 ) 6 . 2 7  (0

( )1 Standard deviation.
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F igu re  1. Inc idence o f  p ig s  showing normal and
meat q u a l i t y  de fec ts  accord ing  to heat 
generated .
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