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INTERRELATIONSHIPS BETWEEN VARIOUS COMPOSITIO­
NAL AND QUALITY PARAMETERS OF PORK FROM PURE 
AND CROSS-BREEDS
D a z z i  G . , M ad a re n a  G . , C a m p a n in i G . , C am p esa - 
t o  E . ,  C h i z z o l i n i  R. ( 1 ) ,  B a d ia n i  A. ( 2 )
( 1 )  I s t i t u t o  d i  I s p e z i o n e  d e g l i  a l i m e n t i  d i  

o r i g i n e  a n im a le  — U n i v e r s i t a  d e g l i  s t u d i  
d i  P arm a -  V ia  d e l  T a g l i o  ( C c r n o c c h io )  -  
4 3 1 0 0  P arm a -  I t a l y .

( 2 )  C e n t r o  R ic e r c h e  P r o d u z io n i  A n im a li  -  V ia  
C r i s p i , 3  -  4 2 1 0 0  R e g g io  E m i l i a  -  I t a l y .

M eat Q u a l i t y  h a s  becom e a  w id e ly  f e l t  p r o ­
b le m  i n  I t a l y  d u r i n g  t h e  l a s t  few  y e a r s  i n  
s p i t e  o f  t h e  f a c t  t h a t  p i g s  a r e  s l a u g h t e r e d  
a t  an  h i g h e r  w e i g h t ,  w h ic h  m eans a l s o  an  o l ­
d e r  a g e ,  t h a n  e l s e w h e r e .  T he i n t r o d u c t i o n  o f  
new  b r e e d s  and  b r e e d i n g  s y s te m s  h a s  b e e n  f o l ­
lo w ed  b y  an  i n c r e a s e  i n  p r o c e s s i n g  d i f f i c u l ­
t i e s  o f  t r a d i t i o n a l  p o rk  p r o d u c t s .  An i n v e ­
s t i g a t i o n  h a s  t h e r e f o r e  b e e n  s e t  u p  t o  s t u d y  
v a r i o u s  c o m p o s i t i o n a l  and  q u a l i t y  p a r a m e t e r s  
com m only  e m p lo y e d  f o r  t h e  e v a l u a t i o n  o f  p o r k .  
54 p i g s  o f  p u r e  b r e e d , e v e n l y  d i s t r i b u t e d  b e ­
tw e e n  C i n t a  S e n e s e ,  B e lg ia n  L a n d r a c e ,  I t a l i a n  
L a n d r a c e ,  L a rg e  W h ite ,  D uroc an d  P i e t r a i n ,  
an d  4 5  a n im a ls  fro m  c r o s s b r e e d s ,  r a n d o m ly  d i ­
s t r i b u t e d  b e tw e e n  v a r i o u s  c r o s s e s  o f  I t a l i a n  
L a n d r a c e ,  L a rg e  W h ite  an d  D u ro c , w e re  em p lo ­
y e d  i n  t h e  r e s e a r c h .  T ype o f  f e e d i n g ,  a n im a l  
a g e  a t  s l a u g h t e r  and  warm c a r c a s s  w e ig h t  w e re  
r e c o r d e d .
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AGE-RELATED CHANGES IN THE COLLAGEN OF BOVINE 00FIUM

1 2 M ille r ,  A. T. and Karmas, E.
^Devro, I n c . ,  Loeser Avenue, P. 0 . Box 858, Somer­

v i l l e ,  New Je rsey  08876, U. S. A.
2Department o f  Food S cience , R utgers U n iv e rs ity , New 
Brunswick, New Je rse y  08903, U. S. A.
OBJECTIVE

C ollagen c o n s t i tu te s  th e  m ajor p ro te in  component o f  
s k in ,  bone, tendon and o th e r  forms o f  co nnective t i s ­
sue . The o b je c tiv e  o f  t h i s  s tudy  was to  o b ta in  b e t t e r  
u n d erstand ing  o f  th e  p ro p e r t ie s  o f  n a t iv e  bovine 
oorium co llag en  as r e la te d  to  b io lo g ic a l  ag ing  o f  th e  
t i s s u e .
EXPERIMENTAL METHODS
Bovine s k in  from f re sh ly  s lau g h te red  H o ls te in  c a t t l e  
was used . Four age groups were in c lu d ed : (1) f e t a l ,
(2) 3 to  6 weeks, (3) 18 m onths, and (4) 40 months.
The e f f e c t  o f  a c id , n e u tra l  s a l t ,  and enzyme on th e  
e x t r a c t a b i l i t y ,  s o lu b i l i t y ,  and m olecu lar s iz e  d i s ­
t r ib u t io n  was in v e s t ig a te d . R e la tio n sh ip  to  h i s to ­
lo g ic a l  and u l t r a s t r u c tu r e  changes was observed u s in g  
tran sm iss io n  e le c tro n  m icroscopy (m agn ifica tion  o f  
10,000X to  50,000X) and scanning e le c tro n  m icroscopy 
(m agn ifica tio n  o f  3,000X to  25,OOOX).
RESULTS
C itra te - s o lu b le  co llagen  co n ten t o f  oorium from f e t a l  
sk in  was 30.9%, w hile  th a t  o f  3- to  6-week o ld  c a l f  
sk in  was 6.4% and o f  18-rrtnth o ld  s t e e r  sk in  was 3.2%. 
S im ila r  tre n d s  were a ls o  no ted  in  sodium c h lo r id e -  
- s o lu b le  and p e p s in - tre a te d ,  a c id -so lu b le  f r a c t io n s .

I n  t h e  c a s e  o f  p u r e  b r e e d s  t h e  f o l l o w i n g  s t u ­
d i e s  w e re  c a r r i e d  o u t :  c o l o u r  a s s e s s m e n t  
( H u n te r  L , a , b )  a t  90 m in u te s  p o s t  m o rtem  i n  
sem im em b ran o su s  m u s c le  a n d  a t  48  h o u r s  p .m . 
i n  1 . d o r s i ,  s e m i t e n d i n o s u s , sem im e m b ran o su s  
a n s  b i c e p s  f e m o r i s ;  pH d e t e r m i n a t i o n  a t  4 5 '  
p .m . i n  1 . d o r s i  an d  se m im e m b ra n o su s , a t  4 8 h  
p .m . i n  1 . d o r s i ,  s e m i t e n d i n o s u s ,  sem im em bra­
n o s u s  and b i c e p s  f e m o r i s ;  p r o x im a te  c o m p o s i­
t i o n ,  s o l u b l e  p r o t e i n s  an d  n o n  p r o t e i n  n i t r o ­
g e n  i n  s e m i te n d in o s u s ;  g ly c o g e n  i n  1 . d o r s i  
an d  sem im e m b ran o su s .
I n  t h e  c a s e  o f  c r o s s b r e e d s :  c o l o u r  and pH 
a t  48  h  p .m . i n  s e m i t e n d i n o s u s ,  sem im em b ra­
n o s u s  an d  b i c e p s  f e m o r i s ;  p r o x im a te  c o m p o s i­
t i o n ,  s o l u b l e  p r o t e i n s  an d  n on  p r o t e i n  n i t r o ­
g e n  i n  s e m i t e n d i n o s u s .
T h e r e s u l t s  s u g g e s t  t h a t  f i n a l  pH h a s  a  m a r­
k e d  i n f l u e n c e  c n  p r o t e i n  s o l u b i l i t y  an d  n o n  
p r o t e i n  n i t r o g e n .  T he f o r m e r  d e c r e a s e s  w h i­
l e  t h e  l a t t e r  i n c r e a s e s  w i t h  lo w e r  f i n a l  p H s. 
C o r r e l a t i o n  c o e f f i c i e n t s  an d  s i g n i f i c a n c e  
v a r y  b e tw e e n  p u r e  an d  c r o s s - b r e e d s  b u t  a r e  
h i g h  i n  b o th  t a k e n  a s  g r o u p s .  B re e d  i s  r e ­
s p o n s i b l e  f o r  v a r i a t i o n s  o f  4 5 ' an d  f i n a l  pH, 
g ly c o g e n  an d  i n t r a m u s c u l a r  f a t  c o n t e n t .
Among c o l o u r  p a r a m e te r s  t h e  "L" v a l u e  seem s 
t o  b e  t h e  m o st c o n s i s t e n l y  r e l a t e d  w i th  f i n a l  
pH an d  b e tw e e n  t h i g h  m u s c le s .

The g re a te r  r e s is ta n c e  to  d eg rada tio n  in  b io lo g ic a l ly  
o ld e r  bovine co llagen  i s  thou gh t to  be d i r e c t ly  r e l a t ­
ed  to  in c reased  c ro s s - l in k  form ation . Gel perm eation 
chrom atography, u sing  a  newly developed u-Bondagel 
column, was found to  p rov ide a  ra p id  means fo r  sepa­
r a t io n  and de term ination  o f  m olecu lar s iz e  d is t r ib u ­
t io n .
The m icrographs o f  f e t a l  oorium and c a l f  corium re v e a l  
a  r a th e r  loose  arrangem ent o f  f ib e r s  and f ib e r  bundles 
w ith  co nsid erab le  m a trix  spacin g . This i s  in  c o n tra s t  
w ith  th a t  o f  18-month and 40-month san p les  which shew 
m assive, tig h tly -p a c k e d  f ib e r  bundles and in c re a s in g  
d iam eter o f  th e  f i b r i l s .  These r e s u l t s  a re  reviewed 
in  l i g h t  o f  e x is t in g  knowledge which has e s ta b lis h e d  
th a t ,  w ith  advancing age, co llag en  becomes in c re a s in g ­
ly  more r e s i s t a n t  to  both  m echanical and chem ical 
deg radatio n .
CCNCLUSICNS
The im p lic a tio n s  o f  t h i s  work t o  tho se  invo lved  in  
th e  p ro cess in g  o f  bovine corium fo r  use i n  p rep a rin g  
reg en era ted  co llagen  s t ru c tu re s  a re  q u i te  profound. 
S ince th e  physico-chem ical p ro p e r t ie s  o f  bovine c o l la ­
gen a re  d i r e c t ly  r e la te d  to  age-induced c r o s s - l in k s ,  
one should  be ab le  to  p re d ic t  th e  s u i t a b i l i t y  o f  a 
co llag en  m a te r ia l  fo r  use in  th e  reg e n e ra tin g  p ro ce ss . 
Hide corium from a very  young anim al would be more 
e a s i ly  s o lu b il iz e d ,  b u t would lack  s u f f i c i e n t  s t a b le ,  
in te rm o lecu la r  c ro s s - l in k s  n ecessa ry  to  produce a 
s t ru c tu r e  o f  r e la t iv e ly  h igh  t e n s i l e  s t re n g th .  The g e l 
perm eation chromatography method d e sc rib e d  in  th i s  
s tudy  prov ides a  ra p id  means fo r  a n a ly s is  o f  ao llag en  
so lu b le s  in  n a tiv e  t i s s u e .  The procedure may a lso  be 
u s e fu l fo r  fo llow ing  th e  co llag en  so lu b le s  which deve­
lop in  th e se  t i s s u e s  as  a  r e s u l t  o f th e  p ro cess in g  
trea tm en ts  which they  a re  su b jec ted  to .
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BIOCHEMICAL DISTINCTION OF diaphragma pars lumbalis 
FROM OTHER BEEF MUSCLES.

J. BOUSSET and B.L. DUMONT

Laboratoire de recherches sur la viande de l'INRA,
F 78350 Jouy en Josas, France.

The biochemical composition of the muscle diaphragms 
pars lumbalis (D)has been studied comparatively to that 
of other muscles of the beef carcass in order to pro­
pose a simple and accurate method for distinguishing 
this type of meat from other cuts of beef.

The following characteristics were considered on sam­
ples of completely trimmed muscles : amount of haem 
iron (Fe, in pg/g of fresh meat), frequence of each 
of the five isoenzymes of the LDH (ISOI, IS02, IS03, 
IS04, IS05), ratio of Heart to Muscle form of the LDH 
(H-M), amount of total nitrogen(NT), amount of soluble 
nitrogen (NS), amount of sarcoplasmic protein nitrogen 
(Nps), amount of non-proteic nitrogen (Npn), all in g 
of nitrogen per 100 g of fresh meat.

Analyses were made on meat taken at 3-4 days post-mor­
tem from ten beef carcasses chosen to represent a com­
mercial sample of the type of carcasses existing in 
the French market (carcass weight = 316.2+66.9 Kg, age 
= 51.2+23.7 months, conformation score (EAAP method) = 
9.1+3.3).

In each carcass 26 muscle locations were analyzed.The 
average of the whole results of the 260 determinations 
for each trait was considered as representative of the 
"beef" composition (B).

1:4
LACTATE DEHYDROGENASE ACTIVITY IN PORCINE MUSCLE AS 
INFLUENCED BY FREEZING, THAWING, AGING, CURING AND 
HEATING

Keeton, J.T. , S.S. Collins and S.B. Smith

Department of Animal Science, Texas A&M University, 
College Station, Texas 77843

OBJECTIVES

Protective measures by the USDA to ensure the 
importation of disease-free pork products have 
included the acid phosphatase test to verify an 
internal temperature of 69°.C. Adequacy of heating 
could be better substantiated if another test were 
available. The objectives of this study were to: 
identify and quantify porcine muscle enzymes which 
maintain activity up to 69°C under various processing 
conditions; and develop an enzyme assay to accurately 
determine the heating endpoint achieved.

EXPERIMENTAL METHODS

Lactate dehydrogenase (LDH) was selected from previous 
studies for development as a potential biological 
indicator to identify heating endpoints. In the first 
experiment, semimembranosus (SM) semitendinosus (ST), 
biceps femoris (BF) and rectus femoris (RF) muscles 
were dissected from hams (6.4 to 7.7 kg) three days 
post-slaughter (PS). LDH activity was monitored for 
the following muscle treatments: fresh at 4°C for 5 
days PS; frozen at -10°C for 8 days; frozen at -10°C 
for 8 days, then thawed 24 hrs at 4°C; and aged at 4®C 
for 10 days PS. In a second experiment, four porcine 
muscles from three fresh hams were heated to 65°, 69° 
or 71°C and held for 8 , 23 or 38 min. LDH activity 
was determined for each muscle at each temperature/ 
time combination. For the third experiment, the SM- 
adductor (AD) and BF-ST muscle groups were each

The comparative composition of B and D was respective­
ly for :

Fe NT MS Npn Nps IS01 IS05 H/M

for B ( 
18.25,

n=260) :
3.428, 0.824, 0.387, 0.437, 8.42, 49.28, 0.447

for D( 
31.85,

n=10) :
3.012, 0.634, 0.304, 0.329, 29.93, 13.97, 1.572

The comparison between D and each of the 26 muscles 
showed that for the ratios Fe/NS, Fe/IS05, IS05/ISOI, 
Fe/Npn, Fe/Nps, H/M, differences were all highly si­
gnificant (P <0.01 to 0.001).

To distinguish D from other types of beef muscles it 
is suggested to use the value of the ratio :

IS05 x NS 

Fe

whose value was found to be 0.278 + 0.098 for D com­
pared to 2.463 + 1.134 for B.

bisected and one half brine-cured. Both cured and 
uncured samples were heated to 65° or 69°C for 8 or 
23 min and the LDH activity determined.

RESULTS

LDH activity rates of SM and RF muscles were 742.3 
and 753.4 mol/min x g, respectively, while ST and 
BF muscles were slightly lower at 652.8 and 460.7 
ymol/min x g. Aging the porcine muscles 10 days PS 
increased BF and RF activities by 61.2 and 28.6%, 
but had little effect on SM and ST. Freezing caused 
decreases in LDH activity of 32.4, 61.6, 29.1 and 
53.5% for the SM, ST, BF and RF muscles. Freezing 
and thawing resulted in further loss of LDH activity 
by 76.2, 91.7, 80.2 and 64.4% for the same muscles. 
Heating fresh tissues for 8 , 23 or 38 min at 65°C 
did not have an appreciable effect on LDH activity. 
ST, BF and RF muscle activity declined to marginal 
or non-detectable levels at 6 8°C. Curing alone had 
little or no effect on LDH activity in SM-AD and 
BF-ST muscles while the combined effect of heating 
(8 or 23 min) at 62°-64°C and curing lowered 
activities by 85.4 and 97-1%, respectively.

CONCLUSIONS

When compared to fresh tissue, aging of porcine 
muscles increases LDH activity rates while freezing 
and thawing depress activity. Heating fresh muscles 
(SM, ST, BF, RF) to 68°C regardless of heating 
duration results in virtually no LDH activity.
Curing alone minimally affects LDH activity, but 
curing and heating cause loss of activity at 
62°-64°C. Because the loss of LDH activity in 
cured, heated porcine tissues occurs well below the 
minimum endpoint of 69°C, LDH would not likely serve 
as a biological marker for testing imported, cooked 
pork.
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INVESTIGATIONS ON THE NUCLEOTIDE BREAK-DOWN AND 
SENSORIC AND TECHNOLOGICAL EVALUATION OF NORMAL AND 
PSE PIG MEAT DURING STORAGE

Eichinger, H.M.; M. Seewald and E. Heißwolf

Versuchsstation Thalhausen, Institute of Animal 
Science, Technical University of Munich,
D- 8051 Kranzberg, West Germany

1:5

Storage of meat is accompanied by a temperature 
dependent decrease of adenosin-nucleotides and a 
subsequent augmentation of inosin and hypoxanthin. 
Storage is also associated with variations in 
technological and sensoric criteria. As the original 
quality determines the shelflife of stored meat it 
was the objective of this investigation to compare 
the effects of different storage conditions on the 
nucleotide break down and further technological and 
sensoric parameters of normal and PSE pig meat.

Methods

From routine slaughterhouse measurements of pH and 
conductivity 49 pig carcasses were selected and 
accordingly grouped in three classes: "PSE", 
"intermediate" and "normal" meat quality, with 
pH -values below 5.6, from 6.0 to 5.6, and above 6.0 
respectively. After cooling, 2 cm thick slices of 
longissimus dorsi were then distributed on 3 storage 
conditions: 1 day at +4°C, 5 days at +4°C and 
28 days at -18°C. Subsequently from all samples the 
nucleotides were extracted, separated and analysed by 
HPLC with UV detection. Further measurements included 
water binding capacity (GRAU HAMM), shear values 
(WARNER BRATZLER), reflexionvalue (GOFO) and weight 
losses during storage and heating.

A 12 persons test panel scored tenderness, juiciness, 
taste and overall acceptability after heating the 
samples to an internal temperature of 74°C.

Results and conclusions

Already 24 h p.m. AMP was below 10 ppm. IMP (3492 
ppm) decreased, Inosin (404 ppm) increased during 5 
days storage at +4°C, whereas freezer storage had no 
significant effect. Hypoxanthin level was lowest 
after freezer storage (49 ppm). Analysis of variance 
showed significant effects for storage, but not for 
pH class.
Technological criteria were significantly affected by 
both, pH-class and storage. All sensoric evaluations 
showed significant lower values for PSE meat. Storage 
at -18°C had positive effects on tenderness and 
overall acceptance. Shear values and scores for 
tenderness were closely related, but no correlations 
were found between the nucleotid contents and 
sensoric evaluations.
So after an initial postmortem phase the nucleotide 
breakdown is by far influenced by storage, even 
highly significant differences in initial pH-values 
do not create further differences.
Normal freezer conditions reduce nucleotide breakdown 
efficiently. A pronounced amelioration of sensoric 
evaluation especially of PSE pig meat occurs along 
with the freezing storage, which is independent from 
nucleotide pattern.
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VARYING TECHNOLOGICAL BEEF MUSCLE PROPERTIES 
AND THE INTRAMUSCULAR FATTY ACID PATTERN

Eichinger, H.M., and M. Seewald

Versuchsstation Thalhausen, Institute of Animal 
Science, Technical University of Munich,
D- 8051 Kranzberg, West Germany

Fat content influences almost all technological and 
sensoric properties of meat. These variations occure 
between different muscles and can be largely 
modified by feeding and time of slaughter, there are 
also variations in the fatty acid pattern.
It was the aim of this study to investigate the 
effects and dependencies of the fat content and 
fatty acid pattern on the technological properties 
of different muscles of differently reared cattle.

Methods

From six early weaned and five milk replacer fed, 
four months old male Simmental cattle carcasses,the 
longissimus dorsi and the m. supraspinatus were 
removed and 24 h p.m. the pH, waterbinding capacity, 
shear value and reflexion value measured. After 
Fiethanol/chloroform extraction the intramuscular fat 
content, and after further transesterification and 
gaschromatography, the fatty acid pattern was 
analysed.

Results and conclusions

Mean and standard deviation for intramuscular pH was 
5,63 ± 0,21, for GOFO-reflexion value 70,5 ± 16,4, 
for water binding (GRAU-HAMM, rel. m:f) 36 ± 5,3, 
and for shear value 8 , 6 ± 3,8. Total intramuscular 
fat content was 1,29 % ± 0,22. Most prominent fatty 
acids were C (22,1%), C (14,0%), C (23.5%),
C 2 (26,0%) and C.,0 _, (6,9%) which accounted for 
92,5 % of the whole pattern. Total fat content was 
different between the two muscles (1,35 vs 1,08%), 
and there were significant differences in their 
fatty acid patterns (C C , C and C 3).
Also reflexion value and shear value differed 
between muscles. Analysis of variance confirmed a 
general influence of feeding on technological 
criteria and data of lipid analysis. Correlations 
were found between the reflexion values and pH 
(.77), as well as total fat content (-.64). Reflexi­
on values were further correlated with the relative 
amounts of the C^2 and C fatty acids. Water 
binding was associated with C 2, C^, ^  , Cl g _2
and C and shear values showed significant
correlations with C,,, C, „ and C, „ , fatty acids.lb lo 1o :j
It is concluded, that the differences in 
technological properties and fatty acid pattern 
found in this material are not independent and can 
be largely influenced by feeding.
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Fiber Number and Type Composition in Muscle of Aging 
Rats t
T. J. EDDINGER, R. L. MOSS and R. G. CASSENS 
Muscle Biology Laboratory and *Department of 
Physiology, University of Wisconsin, Madison, 
Wisconsin, U.S.A.

Fisher 344 rats have a uniform genetic background, are 
reared under rigidly controlled conditions and are 
used specifically for aging studies. Histochemical 
(M-ATPase) fiber typing was done on extensor 
digitorium longus (EDL), soleus (SOL) and diaphragm 
(DIA) muscles at ages 3, 9, 28 and 30 months. In the 
EDL there was no difference in the percent of type I 
fibers among the four age groups, and there was no 
apparent trend for an increase or decrease in the 
percent of type Ila or lib fibers between the four age 
groups. The percent of type I fibers was greater in 
the aged than in the younger groups in both SOL and 
DIA muscles. Total fiber number per cross section of 
muscle did not change in the EDL over this age range 
or in the SOL after 9 months of age. Published 
results generally indicate that decreasing fiber 
number and preferential loss of type II fibers are 
aging phenomena, but our results do not substantiate 
these previous findings.
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MODES OF ACTION OF REPARTITIONING AGENTS IN SHEEP

Thornton, R.F.a, Tume, R.K.a, Wynn, P.C.^, Larsen, 
T.W.a and Johnson, G.W. 3

aCSIR0, Division of Food Research, Meat Research 
Laboratory, P.O. Box 12, Cannon Hill, Queensland 4170

^CSIRO, Division of Animal Production, P.O. Box 239, 
Blacktown, N.S.W. 2148.

There is increasing interest in the efficient 
production of lean meat from domestic livestock.
The long term approach to this goal has been the 
development of genetic selection and crossbreeding 
programmes. The advent of transgenic animals could 
increase the rate of progress of such genetic 
programmes. However, the development of 
pharmaceutical compounds, known as repartitioning 
agents, presents a possible short term solution to 
the production of lean meat from existing domestic 
livestock.

In two previous studies, one on pen-fed weaners and 
another on suckling/grazing lambs, small quantities 
(50-100yg/day) of the 82-adrenergic agonist, 
clenbuterol, were injected subcutaneously. Control 
animals received an equal volume of physiological 
saline. Clenbuterol treatment had no significant 
effects on growth rate and carcass weight, but the 
amount of fat was decreased and the amount of lean 
increased, both by as much as 30%, in the carcass 
meat of treated sheep, relative to controls (see 
Thornton et al. 1985).

To further study the regulatory mechanisms of 
clenbuterol on ovine lipid metabolism, in vivo and

in vitro (isolated adipocytes) experiments were 
conducted. From these experiments it is evident that 
clenbuterol could influence carcass meat composition 
directly through effects on the metabolism of 
adipocytes, such as (1 ) reduced acetate incorporation 
into lipid (lipogenesis), (2) reduced long chain 
fatty acid incorporation into lipid, and (3) 
increased glycerol release (lipolysis), and/or 
indirectly by altering the serum levels of regulatory 
hormones, eg. increased growth hormone (5.1 vs 4.0 
ng/ml) and decreased insulin levels (1.4 vs 2.0 
ng/ml), in clenbuterol treated sheep.

Other workers have shown that clenbuterol has little 
effect on whole-body protein synthesis but reduces 
muscle protein catabolism and amino acid oxidation in 
sheep (Macrae et al. 1986). Whether or not reduced 
muscle protein catabolism is a direct effect of 
clenbuterol, or is induced by some associated 
hormonal response, eg. the 25% increase in growth 
hormone, and/or the 30% decrease in insulin level, 
reported here, is yet to be clarified.

It is evident that B2“adrenergic agonists have 
considerable potential for the production of leaner 
meat from sheep. Clenbuterol treatment is an 
effective model for the study of metabolic 
interactions and repartitioning of substrates 
between muscle protein and adipose tissue lipid.

Macrae, J.C., Lobley, G.E., Skeme, P.A. and James, S.
(1986). J. Anim. Sci. Supp. 1:453

Thornton, R.F., Tume, R.K., Payne, G., Larsen, T.W.,
Johnson, G.W. and Hoehenhaus, M.A. (1985).
Proc. NZ Soc. Anim. Prodn. 45:97-101.



CHANGES IN FERIRENAL FAT FROM PIGS WITH FSE 
AND DFD MUSCLES
Dzieriynska-Cybulko B., Wozniak M., Krych B.
Departament of Food Technology of Animal 
Origin, Agricultural University, Poznan, 
Poland

Some processes of accelerated glycolysis 
develop in the PSE and DFD muscles just be­
fore or during slaughter, and the quality 
of the muscle tissue changes chemically and 
physically.The aim of this paper is to find out if 
the fat from pigs with normal process of glycolysis and that from pigs with FSE and 
DFD muscles demonstrates the same course of hydrolytic and oxidation changes during 30 
days' storage.The perirenal |at from 27 pigs of pre- 
slaughter weight - 120 kg was studied. This 
number included 12 pigs with normal muscles, 
8 pigs with PSE muscles, and 7 pigs with DFD 
muscles. The fat was stored for 30 days at 
20°C. The oxidation and hydrolytic changes 
were measured 1, 10, 15, 20 and 30 days 
8fter slaughter. The basic chemical compo­
sition of the fat was determined as well as 
the acid number, peroxide number, TBA number 
higher fatty acid and higher free fatty acid 
content.

The water content in fat from pigs with 
normal course of post-slaughter glycolysis 
was 3,09 %t in that from PSE pigs 4,42 %, 
and in that from DFD pigs 6,75 %. During 
storage the water content decreased by about 
1 % in all fat samples studied, the greatest
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was in fat from PSE pigs.

The determination of fat stability Cleary 
revealed the changes due to the activity of 
lipases and lipooxidases. After 30 days of 
storage the acid number of fat from PSE pigs 
was higher by about 8.0 and from DFD pigs 
amouted to 37,7 as compared with the normal 
pigs. The fastest hydrolysis was observed in 
fat from pigs showing DFD mest. The oxidation 
processes were also faster in fat from pigs 
with FSE and DFD meat than in that from pigs 
with normal glycolysis. Untill 15 days of sto­
rage the peroxide number in fat from the PSE and DFD pigs increased by 4,4 and 6,6 and an 
increase of maIon-aldehyde content as compa­
red to the perirenal fat from the normal pigs 
was noted. After 15 days of storage the per­
oxide number as well as the TBA number dis­
tinctly lowered in all fat samples studied, 
probably due to a shift in the dynamic balan­
ce of the reaction towards decomposition and 
formation of secondary products resulting 
from further fat oxidation.

The percentage content of higher fatty 
acids also demonstrated some changes during 
storage. In the perirenal fat from normal 
pigs a distinct decrease in the palmitic acid 
content was observed while in DFD pigs, among 
other things, an increase of higher saturated 
fatty acid content accompanied by a drop in 
that of the nnsaturated ones was found.

When compared with the perirenal fat in 
the normal pigs, the fat in the DFD pigs 
after 10 days ofstorage and the fat in the 
FSE pigs after 15 days of storage both demon­
strated pronounced detrimental changes.
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IMMUNIZATION AGAINST 5a-ANDROSTENONE IN BOARS USING 
ANDROSTENONE-KLH AND GnRH-KLH AS IMMUNOGENS 
R.L.S. PATTERSON. E. BUXTON and I. PARTRIDGE

AFRC Institute of Food Research, Bristol Laboratory, 
Langford, Bristol BS18 7DY, UK
INTRODUCTION. The steroid 5a-androst-16-en-3-one 
(androstenone, And) is a causative factor of boar taint 
or sex odour in uncastrated male pigs. It accumulates 
in the adipose tissue during growth and may cause an 
offensive aroma in the meat during cooking and eating. 
Recent experiments aimed at reducing the accumulation 
of androstenone in the fatty tissue have involved 
immunization procedures; bovine serum albumin (BSA) was 
used as carrier protein, and results from that study 
showed a statistically significant (P<0.05) reduction 
in the mean level of androstenone in the backfat of 
treated boars compared with controls. In the study now 
reported, keyhole limpet haemocyanin (KLH) was used as 
carrier protein; being of crustacean origin and with 
molecular weight of ca 4 million it should 
theoretically be more immunogenic than the bovine 
protein (Mr ca 70,000) and hence produce a better 
antibody response in the boar.

In addition to immunization against androstenone, some 
boars were also immunized against gonadotrophin 
releasing hormone (GnRH). Neutralisation of GnRH 
causes a reduction in testosterone secretion, and like 
testosterone, androstenone is secreted in response to 
gonadotrophic stimulation, so suppression of the GnRH 
stimulus should reduce androstenone production.

The purpose of the study therefore was to compare the 
effectiveness of two immunogens, And-KLH and GnRH-KLH, 
singly and in combination, in the control of boar 
taint.

EXPERIMENTAL. Sixty Large White x Landrace boars and 
20 gilts were penned in 20 littermate groups of 3 boars

and one gilt. Ten boars were allocated to each of four 
treatments, the remaining boars and gilts being con­
trols. The gilts were included as stimulants for the 
boars! The following immunization treatments were 
applied at 40 + 5 days of age, followed by 'booster1 at 
103 + 5 days: “ a) 1.0 mg And-KLH, b) 1.0 mg And-KLH + 
0.5 mg GnRH-KLH, c) 0.5 mg GnRH-KLH and d) 1.0 mg 
GnRH-KLH. Performance during growth was recorded and, 
after slaughter at 95 kg weight, carcass parameters 
were measured.

Samples of blood at slaughter and subcutaneous fat were 
taken for analysis; androstenone present in the 
subcutaneous fat and serum were measured by an enzyme 
immunoassay, and the levels of testosterone, 
luteinising hormone and free androstenone in serum 
measured by radioimmunoassay.

ESULTS. The GnRH-KLH immunization treatment reduced 
iqnificantly (P<0.05) the accumulation of androstenone 
n the back fat; mean values for the 0.5 mg and 1.0 mg 
reatment levels were 0.69 pg/g (n-10; range: ND-3.0) 
nd 0.80 pg/g (n=10; range: ND-5.0) respectively, com- 
ared with a mean of 2.87 pg/g (n=37; range: ND-15.0) 
or the controls. The combined And-KLH/GnRH-KLH 
reatment also gave a significantly lower mean of 2.08 
ig/g (n=10; range: ND-5.0), but the And-KLH treatment 
lone was not effective (mean 2.93pg/g; n-10; range: ND 
■8 5). Boars immunized with GnRH had a significantly 
ligher feed:gain ratio than the controls and greater 
■ 4. i.Ki/.Lnnr(- a +• fhû chnulripr and P2 DOSitiOnS.
CONCLUSION. Active immunization using KLH as carrier 
protein was successful when coupled with GnRH but not 
with androstenone; the five-fold difference in the 
size of the two molecules may have been partly 
responsible. Immunization against GnRH significantly 
reduced androstenone accumulation in the subcutaneous 
fat, but also increased fatness. Immunization with 
KLH-androstenone conjugate alone was not effective.
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THE SUBSTANTIATION OE THE USE OE RAW MEAT 
AS RELATED TO THE EXTENT AND NATURE OE 
AUTOLYSIS
L.V.GORSHKOVA, L.S.KUDRYASHOV*, A.S,BOLSHA­
KOV, T.P.BUSLAYEVA** and A.A.BELOUSOV** *
♦The Kemerovo Technological Institute of Food Industries, Kemerovo, USSR 
**The Moscow Technological Institute of 
Meat 8s Dairy Industries, Moscow, USSR 
***The All-Union Meat Research and Designing 
Institute, Moscow, USSR

The purpose of the work was to study the ac­tivity of muscle proteases (as exemplified 
with cathepsin D) in relation to the nature 
and extent of meat autolysis, and to substa­
ntiate meat ageing time on the basis of the 
results obtained. For the experiments the 
l.dorsi m. from beef sides within i hour 
post slaughter was taken. In the process of 
meat autolysis pH values, WHO and cathepsin 
D activity were recorded. Histochemical de­
tection of the acid phosphatase, the basic 
enzymic marker of lysosomes, was performed 
by the Gomori method. Previous results in­
dicated that, for DED- and PSE-meat, a high­
er proteolytic activity at the initial stage 
of autolysis is typocal, as compared to Nor­
mal meat, characterized with a traditional 
course of post-slaughter changes. The above 
results evidence changes in t&e functional 
activity of lysosomal enzymes, which is con­
nected with the state of lysosomal membranes. 
Comparinf histochemical results on the acti­
vity of acid phosphatase and biochemical da­
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THE ACTIVITY OP PORK MUSCLE PROTEASES AS 
EFFECTED WITH SODIUM CHLORIDE
L.S.KUDRYASHOV, L.P.SHALAKINA* and A.S.BOL­
SHAKOV* *
* The Kemerovo Technological Institute of 
Food Industries, Kemerovo, USSR 
**The Moscow Technological Institute of 
Meat 8c Dairy Industries, Moscow, USSR

The purpose of this work was to study the 
effect of sodium chloride on the free acti­
vity of porcine muscle proteolytic enzymes. 
Muscle cathepsin activity was determined by 
incubating muscle homogenates at 37°C for 
1 hour; homogenates were prepared from the 
1. dorsi m. with or without NaCl according 
to Anson. Cathepsin activity was found with 
a standard straight line after measuring the 
optical density of the reaction mixture at 
280 nm in a spectrophotometer. NaCl was es­
tablished to inhibit cathepsin D, the great­
est activity reduction being observed at 
the NaCl concentration of 5%* The enzyme ac­
tivity is reduced by 50% at this concentrati­
on. Increasing NaCl concentration from 5 up 
to 15% slows down the inactivation rate, and 
the activity of cathepsin D is decreased by 
8-15%. The analysis of the data obtained in­
dicates the non-competing type of proteolysis 
inhibition in the presence of NaCl. The non­
competing inhibition of pork muscle cathep­
sin D with NaCl shows that NaCl is linked 
both with the free enzyme and with the enzy­
me-substrate complex. Due to the fact that 
in this case the inhibitor differs from the

ta on the activity of cathepsin D in the mu­scle tissue, it can be assumed that a high 
tidsue protease activity in DFD—meat is a 
consequence of the metabolic stress in the 
live animals, which destabilizes considerab­
ly the lysosomal membranes and helps releas­
ing higher amounts of enzymes from lysosomes. 
In DED-meat a high level of muscle protein 
hydration is maintained throughout the test period of autolysis.
Hence, a relatively high proteolytic activi­
ty of cathepsins at the initial stage of auto 
lysis in DFD-meat, a fast rate of attaining - 
the maximum enzymic activity and stable pro­cessing characteristics (pH and WHC), as 
coispared to Normal meat, allow to process 
DED-meat at the early stage of autolysis (1-24 hr). Judging by cathepsin D activity, 
pH and WHC, it is rational to process Normal 
meat at the third day of autdlysis.

> *

substrate in its structure, it may be sugges 
ted that NaCl interacts with the centre 
which is different from that of substrate 
binding. Some authors think that enzymic.ac­
tivity inhibition is due to the distortion 
of its three-dimensional structure caused 
by the inhibitor. In addition, bound NaCl 
as an inhibitor can influence the catalytic 
process; screening partially the active cen­
tre of the enzyme. Non-competing inhibition 
is characterized with a lower maximal reac­tion rate as compared to that in the absence 
of the inhibitor.
Thus, the experimental results allow to as­
sume that NaCl used in meat curing can in­
to bit the free activity of tissue proteases. 
NaCl was shown to be a non-competing inhibi­
tor. The inhibition constant K^ was found to 
equal 1.07 M.


