
e f f e c t  o f  a n t e m o r t e m  s t r e s s e s  o n
C H A N G E S  O F  P H Y S I O L O G I C A L  B I O C H E M ­
I C A L  A N D  P H Y S I C A L  C H A R A C T E R I S T I C S  O F  
D U C K  M U S C L E

M I N G - T S A O  C H E N ,  S U N - S A N  L I N  A N D  
L I A N G - C H U A N  L I N

D e p a r t m e n t  o f  A n i m a l  S c i e n c e ,
N a t i o n a l  C h u n g - H s i n g  U n i v e r s i t y ,  
T a i c h u n g ,  T a i w a n  4 0 2 2 7 ,  R O C

i n t r o d u c t i o n
I t  h a s  b e e n  r e c o g n i z e d  t h a t  a n y  
s t r e s s o r s  c a n  c a u s e  t h e  m e t a b o l i t e s  
° f  m u s c l e  c h a n g e d  a n d  r e s u l t  i n  
d i f f e r e n t  m e a t  q u a l i t y .  T h e  n a t u r e  o f  
t h e  e f f e c t s  d e p e n d s  o n  s u c h  f a c t o r s  a s  
t h e  d u r a t i o n  a n d  s e v e r i t y  o f  t h e  s t r e s s . 
T h e  e f f e c t s  o f  t h e  c h a n g e s  o n  m e a t  h a v e  
b e e n  r e p o r t e d  r e s t r i c t l y  o n  p o r k ,  b e e f ,  
I a m b ,  b u t  n o t  p o u l t r y ,  p a r t i c u l a r l y ,  
U u c k  m e a t .  I n  T a i w a n ,  w e  h a v e  f o u n d  
U u c k s  o c c u r r i n g  D F D - l i k e  d u c k  m u s c l e  
w h e n  t h e y  s u f f e r e d  t r a n s p o r t i n g ,  
T a s s t i n g ,  f o r c i n g  e x e r c i s e  a n d  a n y  
° t h e r  s t r e s s o r s .  T h e r e f o r e ,  t h i s  e x ­
p e r i m e n t  w a s  t o  s t u d y  t h e  c h a n g e s  o f  
P h y s i o l o g i c a l ,  b i o c h e m i c a l  a n d  p h y -  
s T c a l  c h a r a c t e r i s t i c s  o f  t h e  d u c k  
M u s c l e  w h e n  t h e y  w e r e  a n t e m o r t e m  
s t r e s s e d .

¡ M A T E R I A L S  A N D  M E T H O D S  
S i x t y  m a r k e t  m u l e  d u c k s  ( b o d y  w e i g h t :  
^ • 0 + 0 . 2  K g )  a t  7 5 ± 5  d a y s  o f  a g e  w e r e  
^ n d o m l y  a s s i g n e d  t o  t h r e e  t r e a t m e n t s  
' " ■ t h e  c o n t r o l  ( w i t h o u t  s t r e s s ) ,  8  h r  
a n d  2 4  h r  f a s t i n g  p l u s  e n f o r c e d  e x ­
c i s e  f o r  1 0  m i n .  p r e s l a u g h t e r .  T h e  
^ I r d s  w e r e  s a c r i f i c e d  b y  a  c o n v e n ­
t i o n a l  m e t h o d  b u t  w e r e  n o t  d e f e a ­
t u r e d ,  a n d  e x c i s e d  t h e  b r e a s t  a n d  
■ N i g h  m u s c l e  w i t h i n  1 0  m i n .  p o s t m o r -  
r erTi .  T h e  m u s c l e  s a m p l e s  w e r e  w r a p p e d  

P V C  f i l m  a n d  s t o r e d  a t  4 ° C  f o r  2 4  
n ° u r s .  D u r i n g  t h e  s t o r a g e  t i m e  t h e  
s a m p l e s  w e r e  t a k e n  o u t  t o  d e t e r m i n e  
S o m e  c h a r a c t e r i s t i c s .

p N  v a l u e s  o f  b l o o d  a n d  m u s c l e  w e r e  
J e a s u r e d  w i t h  H 1 8 4 2 4  M i c r o p r o c e s s o r  
P H - m e t e r  p o r t a b l e  I n s t r u m e n t  H A N N A  a n d  

d i g i t a l  p H / M V  m e t e r ,  S U N T E X  
C o . ,  s e p a r a t e l y .  L a c t i c  

r u m  a n d  m u s c l e  f r o m  t h e  
? r e a s t  a n d  t h i g h  a t  d i f f e r e n t  s t o r a g e  

T n i e s  w e r e  d e t e r m i n e d  a c c o r d i n g  t o  t h e

m e t h o d  d e s c r i b e d  b y  B a r k e r  a n d  
S u m m e r s o n  ( 1 9 4 1 ) .  T h e  m u s c l e — M .  
g a s t r o c n e m i n u s  w a s  u s e d  t o  m e a s u r e  t h e  
p a t t e r n  o f  e x t e n s i b i l i t y  c h a n g e s  d u r ­
i n g  t h e  d e v e l o p m e n t  o f  r i g o r  m o r t i s  
w i t h  a  r i g o r o m e t e r  w h i c h  w a s  d e s i g n e d  
b y  o u r  l a b .  E n z y m e  a c t i v i t y  d e t e r ­
m i n a t i o n :  L a c t a t e  D e h y d r o g e n a s e  ( L D H ) ,  
c r e a t i n e  p h o s p h o k i n a s e  ( C P K ) ,  a l k a l i n e  
p h o s p h a t a s e  &  a c i d  p h o s p h a t a s e  ( A L P  &  
A C P )  w e r e  d e t e r m i n e d  u s i n g  t h e  m e t h o d s  
d e s c r i b e d  b y  C a b a n d  a n d  W r o b l e w s k i  
( 1 9 5 8 ) ,  T a n z e r  a n d  G i l  v a r y  ( 1 9 5 9 ) ,  
B e s s e y - L o w r y - B r o c k  ( 1 9 6 4 ) ,  r e s p e c t i v e ­
l y .

M y o f i b r i l l a r  p r o t e i n s  o f  d u c k  b r e a s t  
m u s c l e  e x c i s e d  f r o m  t h e  c a r c a s s  s t o r e d  
f o r  1 ,  8  a n d  2 4  h o u r s  w e r e  e x t r a c t e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e s  a s  s h o w n  
i n  F i g .  1  ( B r i s k y  a n d  F u k a z a w a ,  1 9 7 1 ) .

A T P  a s e  a c t i v i t y  w a s  d e t e r m i n e d  b y  t h e  
m e t h o d  o f  M a r t i n  a n d  D a t y  ( 1 9 4 9 ) .  
D o d e c y l  s u l f a t e - p o l y a c y l  a m i d e  s l a b  g e l  
e l e c t r o p h o r e s i s  ( S D S - P A G E )  w a s  p e r ­
f o r m e d  b y  t h e  m e t h o d  o f  L a e m m l  i  ( 1 9 7 0 ) .  
T h e  c o l o r  o f  d u c k  m u s c l e  o f  b r e a s t  a n d  
t h i g h  w a s  m e a s u r e d  b y  t h e  c o l o r i m e t r y  
( T o k y o  D e n s h o k u  C o . ,  M o d e l  T C - I I I ) .

2 0  g  m u s c l e  s a m p l e
g r i n d i n g  m u s c l e  w i t h  
W e b e r - E d s a l l  s o l u t i o n  
f o r  2 4  h r  a t  4 ° C  a n d  a d d e d  
8 0 m l  0 . 6 M  K C 1  &  c e n t r i f u g e  
a t  7 0 0 0  r p m ,  1 5  m i n .  a n d  
f i l t e r e d

A ,
p p t  F i l t r a t e  ( 1 6 0  m l )

(  c o n n e c t e d  w i t h  F i g .  1  )
R E S U L T S  A N D  D I S C U S S I O N
D e v e l o p m e n t  o f  r i g o r  m o r t i s  o f  d u c k
m u s c l e
T h e  r i g o r  p a t t e r n  o f  m u s c l e  c o m p l e t e d  
w i t h i n  3 0  m i n .  p o s t m o r t e m  f r o m  t h e  
s t r e s s e d  d u c k s ,  b u t  t h e  c o m p l e t i o n  o f  
r i g o r  w a s  t a k e n  a t  l e a s t  1 . 5  h o u r s  
p o s t m o r t e m  f o r  t h e  c o n t r o l .  I t  c o u l d  
b e  n o t e d  t h a t  t h e  r i g o r  p r o c e s s  
o c c u r r e d  i n  t h e  s t r e s s e d  d u c k  m u s c l e  
e a r l i e r  t h a n  t h e  m u s c l e  o f  t h e  c o n t r o l  
T h e  p H  o f  t h e  s t r e s s e d  d u c k  w a s  a t  t h e  
r a n g e  b e t w e e n  6 . 9  a n d  7 . 1 ,  w h i l e  t h e  
c o n t r o l  w a s  b e t w e e n  6 . 0  a n d  6 . 3 .

1257



Lactate and pH of blood and muscle 
postmortem
The pH and lactate content of serum 
increased slightly with progressive 
fasting time, but this result was not 
significantly different (Table 1).
This seemed to be affected by acid- 
base balance or self-buffering action 
in blood, thus, the pH value did not 
chaNGE Remarkably. The changes of pH 
and lactate content of duck breast and 
thigh muscles obtained from different 
antemortem stresses during postmortem 
storage at 4°C were shown in Fig. 2. 
The result showed that antemortem 
fasting and stressing caused pH in­
creased and lactate content decreased 
in the breast and thigh muscles. In 
other words, the muscle with high pH, 
the lactate content decreased. The 
result also found that the lactate 
content in thigh muscle was less than 
in the breast muscle, especially, the 
muscle from the duck of 24 hour fast­
ing and 10 min. forced exercise had 
lowest in lactate content and highest 
in pH value. These results agreed 
with the findings of the works of 
Newton & Gill (1980-81), Liu (1985), 
Bate-Smith & Bendall (1949), and 
Howard and Rawrie (1956).

Enzyme activity in serum 
Table 2 showed the effect of anter- 
mortem stresses on the activities of 
LDH, CPK, ALP and ACP. The antemortem 
stresses caused activity of LDH in 
serum increased significantly (p<0.05),, 
and CPK and ALP increased slightly. 
These results agreed with the findings 
of Fowler et al. (1962), Altland and 
Highman (1961).

Changes in myofibrillar protein 
extractability and electrobphoretic 
behavior of duck muscle 
Table 3 showed the changes in the 
myofibrillar protein extractability 
and electrobphoretic behavior of the 
duck muscle during storage at 4°C 
caused by antemortem stresses. The 
results were noted that the extract- 
ability of myofibrillar protein was 
affected limitedly by antemortem 
stress, and there was no significantly 
difference among the treatments. The 
extractability of the myofibrillar 
protein increased with storage time.

The electophoretogram changes of the 
myofibrillar protein of duck muscle v* 
during storage were shown in Fig. 3.
The difference between breast and 
thigh muscles was found the position £ 
of one component between the bands of h 
actin and tropomyosin had different ° 
molecular weight with 40Kdalton and 37 c 
K dal ton, respectively. There were Y 
two components degradated gradually as 9 
storage time increased, most seriously ‘ 
occurred in the control muscle. And * 
it was also found that the m y o f i b r i l ! 
lar protein in the breast muscle was 
more seriously degradated than in f
the thigh muscle. The concentration c
of the component of 30K dal ton in the 
gel increased with storage time, and 
the concentration in the breast was 1
significantly higher than in the f
thigh. The band of 30K dal ton which ' 
appeared as the result from the 1
troponin-T degradation. This result v
agreed with the works of Koohmaraie 
et al'.(1984), Olson et al. (1977) and [ 
Penny et al.(1974).

ATPase activity of myofibrillar 
protein !
Table 4 and 5 showed the effect of 
antemortem stress on ATPase activity 
during storage postmortem. ATPase 
activity of the myofibrillar protein 
of the breast muscle in the antemorte 1̂ 
stressed duck was higher than in the 
control one hour postmortem, and there 
was no significant difference among 
the treatments. The ATPase activity 
of the myofibrillar protein both in 
the control and the antemortem 
stressed ducks was higher in the 
samples 24 hours postmortem than in 
the samples one hour postmortem but 
the activity of ATPase in the myofi^ 
brillar protein of the thigh muscle 
was not affected by the stress and 
storage time. However, APTase j 
activity in the breast muscle increase 
with the storage time which was shown 
in Table 4.

Color change in the duck muscle . 
Tables 6 and 7 showed that the breast 
of the stressed duck resulted in 
significantly lower L- and b- values» 
but slightly affected a-value of the 
duck muscle. Consequently, DFD-like 
muscle color was observed in the

1 2 5 8



breast and thigh muscles of the ducks 
which were stressed.

CONCLUSION
Pasting time and stresses could en­
hance or encourage rigor process 
occurring earlier in the duck muscle. 
Consequently, DFD-like duck muscle 
resulted from the breast and thigh 
Antemortem stressed. The darkness of 
the duck muscle was intensified with 
the fasting time. The muscle obtained 
from the duck without stress and only 
fasting for 2-4 hours could produce a 
Preferable bright red color. The 
components of 40Kdalton in the breast 
Muscle and 37 K dal ton component in 
the thigh muscle were also found in 
the duck. These results of this ex­
periment would recommend that the 
Pocks should not be stressed and 
fasted too long time before they 
Were slaughtered.
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Filtrate (160 ml)

| dilute to 0.1 M (864 ml) 

300 ml (0.1 M)

j centrifuging at 7,000 
rpm, 20 min.

Sediment

l
adjusted to 0.6 M & 
stirred and centrifuged 
at 7,000 rpm, 15 min.

T a b l e 2 E f f * c t  of a a t e - a o r t e e  s t r a t a  oa the a c t i v i t y  of l a c t a ta  dehydreaenase 
( L 0 H J .cr e a t i a a  ekospkoktease (CPI).sc  id phosphatase( ACP). a Ik sI in e ahosahat* 
ase(ALP) a c t i v i t y  ia t a r n s .

1  K  »  Ifi a  m serua
Antaaor tea  

s t r e s s L D H1
2

C P I
3

A C P
3

A L P

*  m  a 1128 ± 203 * 226 ± 100 * 0 . 6 1 ± 0.28* 10. 8 ±  3.2

e t t i ' B i e  io 5? a
r e s t e d - S h r - f o r c e d -  
exerc  i s e - 101

b
1<39 ± 244 319 ± 104 * 0 .6 0 ±  0.24* 1 3 .7 ±  4.5

£ * 2 4 * W a S 1 0 » a
r a s t e d - 2 4 h r - f o r c e d -  
e x e rc i se - 1 0  *

1546 ± 182 b 302± 144 * 0.57 ±  0.18* 1 3 .3±  3.5

• . w- q o . ± s a c s aeaa ± S.D.
a . b : *  m ft *  *  n  r  e  «  ■  *  n  w a  «  i  k  (P<o.os)
• .  l eans  ± S .0 .
a . b : Means of t be saaa ca iaa a without  tka saaa s a a a r a c r i a t  are  a i s n i f ¡ c a n t  1y 

d i f f e r e n t  (P<0.05) .
1. B-B ( B e rs e r-B ro id a )  l a i t / a l
2. u a o Ie / a i  n / 1
3. 1 BLB U-n i t * a a o I a /h r /1

Supernanant (0.6 M) 50 ml

J, adjusted to 0 . 2 M

150 ml (0.2 M)

| centrifuging 
1 rpm, 15 min.

at 7,000

Sediment (adjusted to 0 . 6  M)

} adjusted to 0 . 2 M

150 ml (0.2 M)

T a b l e . 3 . The e f f e c t  o f  a n t e - a o r t e a  s t r e s s  and s l o r a t e  t l a e  on ex t r e e 11 b I I I ty  o f  i y o r i b r l l l * r 
p r o l e  In o f  b r e e s  l .

lib III >¥ ( e x t r a c t l b l  1 1 t y ) (% )

W N K  Id
a n l e - a o r t e n  s t r e s s

0  tf

/J\hr

U IQ ( *  1) ) a t  o r  a ■ a
8 *  1«

8 h r

l 1aa ( h o u r )
24 *  »1 

24 hr

W M All
( c o n t r o l )

2 0 .6 ± 12. 1
a

2 8 . 0  ±  U . O
ab

30 .0
b

± 14.1

#  * 8 * » J  M » 1 0 5 > 1 *  
f a a t i n g - S h r - e n f o r c e d  

e x e r c l s e - 1 0  al n
2 8 .8 ± 8 . 5

a
3 3 .7  ±  9 .5

ab
36 .2

b
±  1 3 .7

fft f c 2 4 * M  » H 1 0 5 > 1 1  
f a s t l n ( - 2 4 h r - e n f o r c e d  

e x e r c l s e - 1 0  a ln
2 7 .8 ± 9 .0

a
30 .0  ±  8 . 0

sb
3 9 . 2

b
±  8 .2

X : ae a n s ±  S.D.

a , b ' Moans o f  th e  aa ao  row w i t h o u t  th e  s a a e  s u p e r s c r i p t  a r e  s i g n i f i c a n t l y  d I f f e r e n t ( P<0.05)  • 
* > show t h e  p e r c e n t a s e  of  t o t a l  p r o t e i n  c o n t e n t .

centrifuging at 7,000 
1 rpm, 15 min.

Sediment

| washing with 100 ml 0.2 
KC1 and centrifuging at 
7,000 rpm, 15 min.

Sediment

| adjusted to 0.6 M &
1 centrifuging at 10,000 

rpm, 15 min.

Supernanant

Fig. 1. The flow chart of myofi­
brillar protein extraction

M
T a b l e . E f f e c t  of  a n t e - a o r t a a  s t r a t a  and a t e r a t a  t i e s  oa tka ATPaas a c t i v i t y  e i  

a y o f l a r l l l a r  p r o t a I n ( b r e a t t ) .

«  M K Ml

t l (a c t  1 v 1 ty ) ( u ao 1 a / « / a  1 n )
C t f  W INI ('J' *4 ) a t o r a a a t l a a ( h o u r )

1 *  H  24 *  rj
1 hr 24 hr

*# no i  K
t l a e  d i f f e r e n c e ^

«  Kl U
( c o n t r o l ) 0.098 0 . 1 3 9 * •

f .  A 8 *  105) it 
f » s t l n a - 8 h r - e n f o r c e d  

t t t r c 1ae-  10 aln
b a

0.131 0.151 •

K A 2 4 *  M a  105) U 
f a s t I n i - 2 4 h r - e n f o r c e d  

e i e r c l s e - 1 0  aln
b a

0.121 0.155 •

b . c : Meant of the ■ate  c o lu tn  without  the t t a e  s u p e r s c r ip t  a r t  a I an I f I  can11y 
d i f f e r e n t  (P < 0 .0 5 ) .

: Meant between t r e a t a e a t a  of a lo r a a e  t l a e  are  a I an I f lean 11 y d I f  fair an l  (a<0. OS).

T a b le . ! «  E f f e c t  o f  a n t e - a o r t e a  s t r e s s  on pH o f  b lo o d  and l a c t a t e  

c o n t e n t  o f  s e r u a .

1  K  K  II 

a n t e - a o r t e a  s t r e a s
*  K

b l o o d

p H (1

p H
«  M *

l a c t a t e
a  n

in s e r u a

w  m  «
( c o n t r o  1)

7 .7 1  ± 0 . 0 6 9 . 2 9  ± 2 . 2 7

# * 8 * * 8  ia a  10»  «
f a s t i n s ' S h r - e n f o r c a d  

e x e r c i s e -1 0 a i n
7 . 7 5  ± 0 . 0 8 9 .9 2  ± 3.51

# * 2 4 * 1 »  » » 1 0 » «
f a s t i n f - 2 4 h r - * n f o r c e d  

e x e r c i s e - 1 0  t i n
7 . 7 5  ± 0 . 0 9 9 . 5 9  ± 2 .0 1

A. u a o l e / a  I s e r u a

B. ¥ ^ ( l ± « t * C 2  a e a n s  ±  S.D.

T e b le 5  The e f f e c t  of a n t a - a a r t a a  e t r e a a  and s t o r a i s  t l a e  oa the ATPaae a c t i v i t y  of 
a y o f l b r l l l a r  p r o te in  ( t h l a h ) .

i i n  m ki

■ n te - i o r t e n  s t r e i e

13 t t  ( a c t i v i t y )  (u  a o l e / n a / a l n  )

1 , *  W 14 *  l |
1 hr 24 hr

•i m  a  *
t l a e  d l f f e r ' i i l - '

«  , w , in( c o n t r o l )
t t  A 8 *  M Ml A* 105)11 f a i l l n t - 8 h r - e n f o r c e d  

e x e rc l ae - iO  nln
je A 2 4 * i » i a a i 0 5 > i i  j 
f a e t ln c |2 4 h ^ * e n |o re e d

0.117 * 0.113 * 

0.102 * 0 . 1 1 6 *  

0.098 * 0.120 *

NS

NS

NS

b . c ■Means of the aaae cola an  without  the saae s u p e r s c r ip t  are  a I an 1 f I ca n11 y 
d I f  f orent (P < 0 .0 5) .

ll • • I f I  cant  ly d i f f e r e n t  ( r> 0 .05) .
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Ttkl. ¿.Iff, 4t . 1« .f 24 kouri

M M *  ft t  ti a 0 k (1 pn a

M M M
(coi  t ro  I )

31.84 13.43 “
a

8.12 5.78 *

f .  t i *  h  M i a ñ o # «
í a s t l a * - 8 h r - e a f o r c e d  

e i e r c  l a a - 10 ala
b

20.40
ab

12.14
b

4.70
b

5.08

*  H 2 4 d 'M  Jfi B 10 jy II
f a s t l n ( - 2 4 a r - « a f o r c a d  

« « .r e  l a . -10 ala
27.18

b
11.27 3.60 8.25 C

a . b . c i H . a a a  af  l b .  a n a  c a l . a a  v l t k e e t  iba aaaa a u p a ra c r Ip l ara  a 1 aa 1 f l e a a t 1» d l f f a r a a l
(P<0.«S) .

T a b l e / ?  . E f f e c t  of anta - a o r t a s  s t r e s s ,  on the co lo r  and pH of th ic k  aua cla  a f t e r 24 hours

p o s t - a o r t e a  a t 4 t  .

«  H V. B L (1 
l  value

a (1
a «alúa

b (■ 
b «alúa

p H (A 
pH value

M B ,,  *( c o n t r o l )
31.32 * 16.16 6.07 * 8.00

£  * 8 * « J 0 i J 1 0 i > U  
f a s t  l n « -8 h r - ; n f o r c e d  

c i a r e l a a - I O  ala

b
24.01 13.33 *

b
4.07

b
7.01

t t  *  2 4 *  M *  a  i o i > uf a s t l n f - 2 4 b r - t n f o r c e d  
i i t r c l a t - 1 0  l i e

b
24.00 14.35 * 3.78

b
7.14

• . b . c¡Kata* of l b .  c o lu .o  without  t k .  s u p e r s c r i p t  o r .  a l i a  I f le a n t  l i  d i f f e r e n t

(P<0 .05) .

F i l Z - T h e  c h a n c e s  o f  pH and l a c t a t e  c o n t e n t  o f  dock b r e a s t  an d t h l c h  a u s c l e  

o b t a i n e d  f r o a  d i f f e r e n t  a n t e - a o r t e n  s t r e s s  d u r i n g  p o s t - a o r t e a  s t o r a g e  

a t  I t .

a ic 24(hn Be 10» n
co ntro l  ♦:fost ing- Eh r- en fo rced  e«ercise-10 ain.
ra st ing -24 hr-en force d exe rci se-10  ain.

F ¡ s - 3 • SDS- po 1 y a c r y a a I d a  gel  

C:W JB a

s « . - *  *  8 ' j ' H  ia a  i o » a

S 2 4 : *  * 2 4 * 1 «  9 9 1 0 ^ 8

e 1 e c t r o p h o r e s I s  o f  n a t o r a l  a c t o a y o s i n .
C ¡ c o n t r o l

S 8 : f a s t l a g - t h r - a a f o r e a d  n x e r e l s e - 1 0  a l a  

S 2 4 : f a a t i n g - 2 4 h r * a a f o r e a d  e x e r c i s e - 1 0  a l a
HHC: ay os  1 n 

HLC^ayo sln
heavy  c h a i n : A C ¡ a c t i a : TM¡ t r e e o a y o s i n : 
l i g h t  e h s l n : T R : t r o p o a i a
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