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INTRODUCTION

It has been recognized that any
Stressors can cause the metabolites

Of muscle changed and result in
different meat quality. The nature of
the effects depends on such factors as

the duration and severity of the stress.

he effects of the changes onmeat have
een reported restrictlyon pork, beef,
amb, but not poultry, particularly,
duck meat. In Taiwan, we have found
ducks occurring DFD-1ike duck muscle
When they suffered transporting,
faSsting, forcing exercise and any
Other stressors. Therefore, this ex-
Periment was to study the changes of
Physiological, biochemical and phy-
Sical characteristics of the duck
Muscle when they were antemortem
Stressed.

MATERIALS AND METHODS
Sixty market mule ducks (body weight:
.0£0.2 Kg) at 75%5 days of age were
"andomly assigned to three treatments
“~~the control (without stress), 8 hr
and 24 hr fasting plus enforced ex-
e‘,"Cise for 10 min. preslaughter. The
Trds were sacrificed by a conven-
Yional method but were not defea-
t ered, and excised the breast and
thigh muscle within 10 min. postmor-
‘em. The muscle samples were wrapped
;n PVC film and stored at 4°C for 24
Ours. During the storage time the
Samples were taken out to determine
SOme characteristics.

PH values of blood and muscle were
Casured with H18424 Microprocessor

L ~meter portable Instrument HANNA and
ITD-sp 35 digital pH/MV meter, SUNTEX
NStrument Co., separately. Lactic
bc1d in serum and muscle from the
tr.‘eaSt and thigh at different storage
Imes were determined according to the
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method described by Barker and
Summerson (1941). The muscle---M.
gastrocneminus was used to measure the
pattern of extensibility changes dur-
ing the development of rigor mortis
with a rigorometer which was designed
by our lab. Enzyme activity deter-
mination: Lactate Dehydrogenase (LDH),
creatine phosphokinase (CPK), alkaline
phosphatase & acid phosphatase (ALP &
ACP) were determined using the methods
described by Caband and Wroblewski
(1958), Tanzer and Gilvary (1959),
Bessey-Lowry-Brock (1964), respective-

ly.

Myofibrillar proteins of duck breast
muscle excised from the carcass stored
for 1, 8 and 24 hours were extracted
according to the procedures as shown
in Fig. 1 (Brisky and Fukazawa, 1971).

ATP ase activity was determined by the
method of Martin and Daty (1949).
Dodecyl sulfate-polyacylamide slab gel
electrophoresis (SDS-PAGE) was per-
formed by the method of Laemmli (1970).
The color of duck muscle of breast and
thigh was measured by the colorimetry
(Tokyo Denshoku Co., Model TC-III).

20 g muscle sample

grinding muscle with
Weber-Edsall solution

for 24 hr at 4°C and added
80m1 0.6M KC1 & centrifuge
at 7000 rpm, 15 min. and
filtered

"

ppt Filtrate (160 ml)
( connected with Fig. 1 )

RESULTS AND DISCUSSION
Development of rigor mortis of duck
muscle
The rigor pattern of muscle completed
within 30 min. postmortem from the
stressed ducks, but the completion of
rigor was taken at least 1.5 hours
postmortem for the control. It could
be noted that the rigor process
occurred in the stressed duck muscle
earlier than the muscle of the control.
The pH of the stressed duck was at the
range between 6.9 and 7.1, while the
control was between 6.0 and 6.3.




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 Tactate content decreased. The
result also found that the lactate
content in thigh muscle was Tess 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 & Gi11 (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 1imitedly by antemortem
stress, and there was no significantly
difference among the treatments. The
extractability of the myofibrillar
protein increased with storage time.
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The electophoretogram changes of the
myofibrillar protein of duck muscle
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
actin and tropomyosin had different
molecular weight with 40Kdalton and 37
K dalton, respectively. There were
two components degradated gradually a5
storage time increased, most seriously
occurred in the control muscle. And
it was also found that the myofibril+!
lar protein in the breast muscle was
more seriously degradated than in

the thigh muscle. The concentration
of the component of 30K dalton in the
gel increased with storage time, and
the concentration in the breast was
significantly higher than in the
thigh. The band of 30K dalton which
appeared as the result from the
troponin-T degradation. This result
agreed with the works of Koohmaraie
et al.(1984), Olson et al. (1977) an
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 myof1br111ar protein
of the breast muscle in the antemorte”
stressed duck was higher than in the
control one hour postmortem, and thert
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 myofiZ
brillar protein of the thigh muscle
was not affected by the stress and
storage time. However, APTase
activity in the breast muscle increasé
with the storage time which was show!
in Table 4.

Color change in the duck muscle
Tables 6 and 7 showed that the brea
of the stressed duck resulted in
significantly Tower L- and b- values’
but s1ightly affected a-value of the
duck muscle. Consequently, DFD- Tike
muscle color was observed in the
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breast and thigh muscles of the ducks
Which were stressed.

CONCLUSION

Fasting time and stresses could en-
hance or encourage rigor process
Occurring earlier in the duck muscle.
Consequently, DFD-1ike duck muscle
resulted from the breast and thigh
adntemortem 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 dalton component in
the thigh muscle were also found in
the duck. These results of this ex-
Periment would recommend that the
ducks should not be stressed and
fasted too long time before they

Were slaughtered.
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Table ZEffect of smte-mortes stress on the activity of lactste dehydrogenase

Fq 1 trate (160 ml ) (LDH) .crestine phosshokinase(CPK).acid phosshatase(ACP).alksline phosphat-

ase(ALP) activity is serus.

| dilute to 0.1 M (864 m1) Z

" serus

Antesortes 1 2 S 3

stress LDHN o Y AC?P ALP
300 m.] (0'1 M) ’i = [5 1123+ 203 * 226 100 ‘ 0.61:0.2!‘ 10.8+£3.2 ¢

Lontro
] l&g?i lO?’E 1439 244 . 319104 % 0.5010.24. 13.7+ 4.5 %
: : REianenng

l centrifuging at 7,000 Ssce bonads : .

b
glzlﬂ‘ﬂﬂﬂloﬁﬂ 1546+ 182 302+ 144 - 0.57x0.18 13.3£3.5

rpm, 20 min. A

L REHAERES sesn : S.D.

Sediment 0 EMERFAFESHFAARYEE K (5<0.05)

¢. means = S.D.

l adjusted to 0 .6 M & s.b:Means of the same columa vithout the same swperscript are significantly

different (P<0.05).

stirred and centrifuged L 18 hereertraida Wical
at 7,000 Y‘pm’ 15 m'in. 2 usole/nin/l

3. 1 BLE Unit=maole/hr/l
Supe\"nanant (0.6 M) 50 ml Table.3.The effect of ante-mortes stress snd storage time on extractibllity of myof[brillsF
l adJUSted to 0.2 M il Ml % (extractiblllty) (%)
. % fF W M (4 85)  storsse Lise (hour)
150 m] (0.2 M) LI 1y 8 A W 2, b, W

anle-morten stress 1 hr 8 hr

protein of bresst.

(control)

1 o 10
rpm, 15 min. masimngI0ne sl e ok P - gare gupd
exerclise-10 ain

Sediment (adjusted tol 0.6 M) e i .l-f'eé?z}r?ad 21.8 £ 9.0 ° 3.6 £ 8.6 " 30.2 % 8.2

exercise-

| adjusted to 0.2 M saems 2 50

a,biHeans of the same rov vithout the ssme superscript sre slgniflcantly different (P<0.05).

150 m'] (0.2 M) sishov Lhe percentage of total protein content.
l centr1fugjng at 7,000 |
rpm, 15 min.
Sediment
washing with 100 m1 0.2 M

KC] and centri fug].ng at T.u.‘q,:rr;:; ::l..u--w:.: -u..: and storsge tise on the ATPase sctivity of
. ayo sr ar proteln(bresst).
7,000 rpm, 15 min.

& B (ectivity) (usole/m/uln )

l Centrjfugjng at 7,000 3 M u 26.6 + 12.1 28.0 % n:o B b0t T

Sediment IR e lt; lja m"w- ") ,m.;: l'lJ‘ll(:‘nur) i e
sate-morten stress 1 e 24 hr time difference
l adjusted to 0.6 M & oKW 0.008 " 0.139 * . ‘

centrifuging at 10,000 ratispamss, o b 081 ® .

exerclise-10 wnin

rpm, 15 min. 1R 20K 109 (5

b .
fasting-24hr-enforced 0.121 0.155 *
exerclse-10 ain

Supernanant

a.b.c:Weans of the csme colusn vithout the sane superscript sre slgnificently
differant (P<0.05),

# ‘Heans betveen trestseatu of storage tlme are slenificantly different(pc0.08).

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

Table§ .The effect of snte-sertes stress and storsse tise on the ATPase sctivity of
ayoflbrillar proteln (Lhlgh),

I 1 (sctivity) (unole/m/aln )
Tabled, Effect of ante-sortes stress on pH of blood and lactate % B 5w ROfF M M (J W) sterage tlse(heur) w omoa R
1 h 24
LUV L LU ante-sorten atress e S T tise differenct
. ‘.
x 0.117 0.113 xs
TN % e BB @ PO e s L
saLe-sorten sirass blood ol lsctate in serua il e e 0.102 " o.11e * rs
exercise-10 nin
g 195) it
; ] 7.71 % 0.06 9.20 & 2.27 BaliLY -ﬂu\?:rc-d 0.008 " 0.120 ns
(control) txercine-10"sin i
Sx3IRENI0HA T = i
fasting- &hrlsnforcnd 7.75 + 0.08 9.92 + 3.51 e,b.ctHeans of the same coluan vithout the same superscrist are slaniflcantly
exercise ain

different(PC0.05),
i!.:lzf:;ju rﬂnl,?gf”l:d .75 2 6.0 9.59 £ 2.01 HSiMeans betveen treatnents of storage Line are not sienificantly different(p>0,05).
exercise-10 min

A. veole/nl seruns

B. ¥H B WEESE sesns + S.D.
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Table 5.Effect of ante-norten stresse on the color and ol of brasst auscle aftar 24 hours

pesi-sorten at 4T .

M B ¥ ¥ L '] . L | ) [} el o
sate-morten strees L value s value b value el value
] u [T T 1.4 ° s.12 " 5.18 "
(contrel)
’l‘“ g1 b b b b
-3 rla-forc-d 20.40 12.14 .19 5.98
o
prihupgios . c ’ c e
AP R 21.18 .21 3.00 8.28
Sherclse-10 sin

s.b,ciMesns of the ssse colunn vithout the ssae euperscript sre slgalflcently differaat
(Pco.05).

Table”7 .Effect of ante-wortes stresse on the color and pll of thigh nuscle after 24 hours

post-msorten st 4T .

B R AN ¥ L i ] n b m ol a
ante-sorten stress L value « value b ovalue pH velus
. s . .
Tl " it 31.32 16.18 8.07 8.08
(control)
LR 105} @ b . b b
F.-‘Hnj. -3 uen’orccd 24.91 13.33 107 7.01
exerclse-
'S L BUER'] b . b b
fl!‘l?:(j' Ny tnforc-d 24.00 14.3% 3.18 7.4

olnr:l::‘lo sln

a.b.c:Neans of the sase colusa vithout the sase suparscript are slgalflcantly different

(P<0.05).

Breast
100,
= 9 breast ieh
o e, s 1hr _ 24hr
s ™ H = A
69 C S8 824 ?
2 f/‘\“‘ CS8824| c 88 824" c 38 824
ad)
S 3 N bes |10
S 2o MHC
s e S
L ! 1 | I i L i
i 0§ iz 28 0 I 1 3 == 3 oforyort ===
— rdr- e i NES A —
7. breast thich ‘ Xy 2 A geed bt T G S et Sy
.1 St GRS SO SRR ol RS R e
S 6o F: - = = e
zen ISR 3 3 3 & 3 L Bl Dddd ST
> 6.59 e e_—ecwo-oGSS-S®SS ™
= -39 JoK=> = T = =
= 6.19) — ol
98l § o —_— e E mm = e e - -
7o el — — — —
" " s " - an
S [ 3024 0 § 70 2% §_:--—---—-—-: ™
HUUR POST-HORTEM HOUR POST-NORTEN — e - — — - - —
MLC
Fig Z .The changes of pH and lactate content of duck breest and thigh suscle Fi:.s.SDS-nolyn:rynnldn sel electrophoresis of natural sctosyosin.
obtsined from different ante-morten stress during post-mortes storage C:3 B & C:control
T % S RIAHEBIODE S8:fosting-8hr-enforced exercise-10 sin
su:gtzm\wnulaﬁn S24:fasting-24hr-enforced exercise-10 nin
g;}gll‘ﬂﬂﬂ l%;l:']\_"ﬂﬂloﬁﬂ KHC:myosin heavy chainiAC:actin:TH:troponyosin:
icontrol #:fasting-8hr-enforced exercise-10 min. HLC:myosin light chain:TR:troponin

lasting-24hr-enforced exercise-10 min.
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