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Summary

The objective of the study was to determine the level of post mortem intact desmin and compare the intact
desmin with physico-chemical properties of poultry breast muscle during 168 hours cool storage at +4°C. The
research was conducted on 6 40-day-old Ross 308 broiler chickens slaughtered at a similar body weight. Muscle
samples were taken immediately after slaughter of animals (15 min) and on 24, 96 and 168 hours after
slaughter. The post mortem intact desmin and degradation products were determined using SDS-PAGE and
Western blot analysis. The following technological parameters of meat were also determined: pH, colour
L*a*b*, drip loss, thermal loss, free water, and shear force.

The current findings indicate that the fastest rate of desmin degradation and the greatest changes in the
physico-chemical properties of meat occurred within the first 24 h of storage. Longer storage of meat had
no effect on meat quality traits except drip loss. Moreover, our results indicate that levels of intact desmin
positively related with drip loss values and negatively with pH and shear force.
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The cytoskeleton of animal cells is composed of three
major fibre systems: microfilaments (6 nm), microtubules
(24 nm) and intermediate filaments (10 nm). According
to Helliwell (5), desmin is the main cytoskeletal protein
of skeletal muscle and is located in a collar around the
myofibrils at the level of the Z-disc, forming transverse
and longitudinal links between adjacent myofibrils. More-
over, desmin is connected at the periphery of the fibre to
a complex network of proteins that stabilizes the sarco-
lemma and transmits force from the contractile apparatus
to the basement membrane and endomysial tissues. After
an animal’s death, muscle intracellular metabolism
undergoes radical changes. It has been documented that
cytoskeletal and other structural proteins are degraded
during storage of meat, and it has been speculated that
their degradation is important to meat quality, especially
meat tenderness (9-11, 18). Degradation of intermediate
filaments may tenderize meat by facilitating the separa-
tion of myofibrils, thereby weakening the lateral strength
of meat. Recently it was demonstrated that cytoskeletal
proteolysis could play an important role in drip loss of
pork during post mortem storage (1, 6, 9, 10, 24). Skeletal

muscles are mainly composed of water and proteins, thus
proteome analysis can provide much information on
structures and functions of proteins involved in several
mechanisms that determine meat quality. Unfortunately,
proteomic studies related to meat quality traits are limi-
ted, especially in poultry (14). Meat quality depends on
several factors such as genetics, rearing conditions, hand-
ling of animals during transportation and slaughter and
also handling of meat during storage and processing. The
most important meat characteristics include water-holding
capacity, tenderness, colour, and meat physico-chemical
properties. Some of them, e.g. meat colour, are important
sensory characteristics on which consumers often base
product selection and judge quality. The most critical
quality factor associated with consumer satisfaction is
probably texture. It is affected by the maturity of the con-
nective tissues and by the contractile state of the myo-
fibrillar proteins. Although changes of meat characteri-
stics that occur during processing and storage have already
been reported by many authors, most are related to chan-
ges between distinct points in time (e.g. 2 and 24 h post
mortem) or for only the first 24 or 48 h post mortem (3, 4,
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19). Additionally, proteomic tools may help to better un-
derstand factors affecting meat traits and find new infor-
mation on its quality.

The objective of the study was to determine the level
of post mortem intact desmin and to compare the intact
desmin with meat quality traits of poultry breast muscles
during 168 h of cool storage at +4°C.

Material and methods

Breast muscle (pectoralis superficialis) of Ross 308 broiler
chickens was studied. Birds were reared to 40 days of age
under standard environmental conditions at a stocking density
of 15 birds/m? and fed complete starter (days 1-21), grower
(days 22-35) and finisher (days 36-400) diets for broiler. On
day 40 of rearing, 6 males of similar body weight (2590 g on
average) were randomly chosen from the flock.

To determine desmin degradation pattern and meat quality
traits, a sample of breast muscle was taken immediately after
the slaughter of the birds (15 min) and after storage of meat for
24 h, 96 h and 168 h at +4°C. Immediately after the slaughter
of the animals right and left breast muscles were cut from
the carcasses. The right fillet of each carcass was cut into four
parts and used for determination of thermal loss and Warner-
-Bratzler shear force. One part was used immediately after
slaughter (15 min). The three other parts of the muscles were
vacuum packed and stored for 1, 4 and 7 days at +4°C, respec-
tively. The left fillet of each carcass was divided into two parts
and vacuum packed. One half was used for desmin analysis
and determination of pH, free water and colour L*a*b*. The
other half of each left fillet was used for the determination of
drip loss. All measurements were determined after 15 min and
24, 96 and 168 hours of storage at +4°C. After storage, sam-
ples for desmin degradation pattern were immediately frozen
in liquid nitrogen and stored at —80°C until analysis.

Muscle acidity was determined with a portable pH meter
CyberScan10 by direct insertion of the combined glass electro-
de in the muscle. Water-holding capacity was determined as an
amount of free water according to the filter paper press method
(11). Colour values L* (lightness), a* (redness) and b* (yellow-
ness) were measured using a Minolta CR310 colorimeter. Four
readings per fillet were taken and an average reading was
recorded. Drip loss was measured in duplicate samples. After
thorough weighing (e = 0.001 g), samples were placed in
sealed containers. After 24 h of storage, samples were re-
moved from their individual sealed containers, towel dried, and

Tab. 1. Post mortem changes in physico-chemical properties of breast muscle of

broiler chickens. Values are expressed as means + SD
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weighed again. The chops were then placed in new sealed con-
tainers and stored for an additional hour. Following 96 h of
storage samples were again towel dried and weighed. Similar-
ly, the samples of meat were processed after 168 h of storage.
For measurements of tenderness, samples of right fillets were
packed separately in a plastic bag and cooked in a water bath at
95°C until the core temperature reached 80°C. The samples
were cooled, weighed for thermal loss determination, and pre-
pared for the shear force measurements. One 1.27 cm diameter
core was removed from each sample parallel to the muscle
fibre orientation through the thickest portion of the cooked
muscle. Shear force was determined as maximum force (N)
perpendicular to the fibres using Instron 5542 equipped with
a Warner-Bratzler blade.

Intact desmin and degradation products were analysed using
Western immunoblotting. Whole muscle extracts were obtained
from the breast muscle by homogenizing muscle samples with
10 volumes of 50 mM Tris and 10 mM EDTA, pH 8.3 (21).
The muscle homogenate was diluted 1 : 1 with protein denatu-
ring buffer (4% SDS, 20% glycerol, 125 mM Tris, pH 6.8) and
heated at 50°C for 20 min. Samples were centrifuged at 16 000
x g and protein concentration was determined using BCA as-
say (Sigma Chemical Co, St. Louis USA). For electrophoresis,
5 pg protein per lane was loaded and desmin was separated on
12.5% with 4.5% stacking gel. Discontinuous gels were run at
100 V for 1.5 h. Gel was transferred to Immobilon-P transfer
membrane (Millipore) overnight at 4°C and 30 mA in buffer
containing 25 mM Tris, 193 mM glycine, and 15% methanol.
The membrane was blocked with 10% non-fat dried milk
in Tris-buffered saline pH 7.4 containing 0.05% Tween 20 for
1 h, and then incubated at room temperature with primary
monoclonal antibody (NCL-DES-DERII, Novocastra, UK) at
1 : 250 for 1 h. Membrane was washed three times (5 min)
with TTBS after each incubation. The bound primary antibody
was visualized with goat anti-mouse alkaline phosphatase con-
jugate (Pierce Chemical Co., USA) diluted 1 : 2500, followed
by detection of alkaline phosphate activity with bromo-chloro-
indolyl phosphate and nitroblue tetrazolium. The intact desmin
and degradation products were quantified using ImageJ 1.33 U
software (National Institutes of Health, USA).

All data were analyzed using analysis of variance and Dun-
can’s multiple range test. Additionally, correlation coefficients
were calculated to determine the relationships between diffe-
rent parameters. Because no relationships were observed
between intact desmin and meat colour (L*a*b*), free water,
thermal loss, only significant relations are reported in the table.

Results and discussion

Results summarized in tab. 1 demon-

e Time of storage strate that the greatest changes in the phy-
15 min 24 h 96 h 168 h sico-chemical properties of meat took pla-
pH 6.65:0.05" | 6.20:0.11® | 6.13:0.09® | 6.08:0108 | ce within the first 24 h of storage at +4°C.
Colour L* 52.07+1.30A | 55.07+1425 | 56451408 | 554540768 | onortly after slaughter (15 min), breast
muscles of the broilers were characterized
a* 11.86 = 1.15 13.16 = 0.87 13.02 £ 0.90 12.37 £ 1.25 by a hlgh pH’ good Water-holding capa_
b* 9.99+0.90% | 11.23+0.91" | 12.50=0.36® | 12.31:0.848 | city and great hardness. After 24 h of sto-
Free water (%) 11.28+0.800 | 31.44+1.178 | 33.87+3.028 | 33.71:1.128 | '98C the pt of breast muscles decreased
significantly, while longer storage had no
Drip loss (%) = 0.52 + 0.12A 1.69 + 0.168 2.72 + 0.18° effect on the pH of meat. Thielke et al.
Thermal loss (%) 23.4 £ 0.11 22.83:276 | 24.25:0.38 | 26.620.62 (19c)1 reipdorted that ﬂll{e(fie is a ﬁal}ld an
T r in rin irst4.
Shear force (N) 99.2 +5.79A | 38.86 +10.388 | 35.71 + 16.328 | 31.70 + 5.898 gradual cecrease i pt cu g the first
to 5 h aging of broiler breast muscles.

Explanation: Values in rows marked with different letters a, b differ at P < 0.05;
A,BatP < 0.01

A significant decrease in pH was ac-
companied by a significant increase in free
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water value and drip loss value. Higher free water value
indicates poorer water-holding properties. Free water
values of breast muscles increased significantly only after
24 h post mortem (from 11.28 to 34.44 at 15 minand 24 h
post mortem, respectively). During the next days, there
were no significant differences in free water values. The
highest drip loss (0.52%) was found during the first 24 h
of storage. During the next days, it ranged, on the average,
from 0.39% per day (between 24 h and 96 h of storage) to
0.34% per day (between 96 h and 168 h), totaling 2.72%
after 168 h. The highest weight loss during the first 24 h
of storage was probably the result of rigor mortis. It is
clear that early post mortem events including rate and
extent of pH decline, proteolysis and even protein oxida-
tion are crucial in influencing the ability of meat to retain
moisture. Schafer et al. (15) showed a significant rela-
tionship between drip loss and pH post mortem. These
results agree with a previous study of Bee et al. (1), who
reported higher drip losses combined with more rapid pH
decline post mortem in the m. longissimus of pigs.

Thermal losses were of similar value on the day of
slaughter and after 24 h of storage and showed an upward
tendency to 168 h of the trial.

As aresult of storage, meat lightness (L*) and yellow-
ness (b*) increased significantly only after 24 h post
mortem. At the same time, there were no significant dif-
ferences in redness (a*) values. However, after an initial
increase, a tendency toward decreasing redness value to
the value obtained at the start of the experiment was
observed. Meat lightness was possibly also related to its
increased acidity. Similar results were obtained by
Boulianne and King (2), who showed a relationship be-
tween lightness of refrigerated breast fillets of chickens
and the loss of heme pigments. The fact that poultry meat
colour changes during storage is well established. Nume-
rous papers reported changes in turkey and broiler breast
meat colour, as measured at various times post mortem
(12, 13). They reported that L* value of breast muscles
increased dramatically during the first hours of proces-
sing. In contrast with our results, Yang and Chen (23)
found lightness and redness to decrease in breast and leg
muscles of chickens during storage. According to Petracci
and Fletcher (12) differences in a* values for broiler
chicken breast muscles showed no real trend for the first
12 h post mortem, but from 24 to 192 h they tended to
decrease. The pattern of changes in b* values was very
similar during the first 12 h post mortem, during which
the values tend to decrease. From 24 to 192 h post mor-
tem the trend was similar. Similarly, the results obtained
in our study, in which meat colour changed especially
during the first 24 h post mortem, are in general agree-
ment with the previous study (12).

Additionally, the present study showed the highest shear
force on the day of slaughter, next after 24 h of storage it
decreased significantly, which is connected with rigor
mortis. During the following days, storage of meat had
no effect on shear force values. According to Schreus (16),
the increase in meat tenderness observed on the first day
after slaughter is due to post mortem degradation of
muscle proteins. Concurrent to our findings, Thielke et
al. (19) reported that higher shear force values were
found in the fillets aged up to 3 h post mortem. Further
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Fig. 1. Western blot analysis of desmin in breast muscle at 15
min and 24, 96 and 168 hours post mortem, and percentage of
intact desmin. The molecular weights (in kDa) of standard
proteins (Std) are indicated on the left

aging led to a significant decrease in shear force values
(i.e., to a significant increase in tenderness).

Analysis by Western immunoblotting revealed that
desmin was degraded gradually with time post mortem
(fig. 1), but the fastest degradation of desmin was found
in the breast muscle within the first 24 h of storage. This
degradation is not universal because different cytoskele-
tal proteins are subject to different rates and degrees of
degradation (8, 11, 20). Differences in post mortem
desmin degradation are probably connected with the dif-
ferences in muscle structure. Morrison et al. (11) showed
that slow, red type I fibres contain higher levels of
desmin than fast, white type IIB fibres. Therefore the
levels of desmin could be caused by differences in muscle
fibre composition.

In the present study, significant correlation coefficients
between percentage of intact desmin and physico-chemi-
cal properties of meat are presented in tab. 2. The intensi-
ty of intact desmin at 15 min, 24 h, 96 h and 168 h post
mortem was positively correlated with the drip loss. By
contrast, intact desmin at 15 min, 24 h and 96 h post mor-
tem was negatively correlated with pH and shear force
values, whereas no correlations were found at 168 h of
storage. On the other hand, no significant correlation co-
efficients were observed between percentage of intact
desmin and meat colour (L*a*b*), free water, and ther-
mal loss during 168 h of storage. The fact that degrada-
tion of the muscle protein (such as desmin) in post mor-
tem muscle is associated with meat tenderness confirms
the earlier results of Huff-Lonergan et al. (7). Likewise,

Tab. 2. Correlation coefficients between level of intact desmin
and pH, drip loss and shear force of breast muscle of broiler
chickens

pH Drip loss Shear force
Intact desmin 15 min -0.18* 0.26** -0.21*
Intact desmin 24 h -0.23* 0.32** -0.29*
Intact desmin 96 h -0.17* 0.25* -0.12*
Intact desmin 168 h ns 0.16* ns

Explanation: * significant at P < 0.05, ** at P < 0.01; ns — not
significant
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Melody et al. (10) found that level of intact desmin was
associated with meat tenderness. The literature contains
varying opinions. Therkildsen et al. (18) showed that the
differences in tenderness or the tenderization pattern
obtained by different growth rates were not related to
the degradation of desmin. Taylor and Koohmaraie (17)
showed that the attachment of myofibrils to the costa-
mers, of which desmin is part, disappears even in calli-
pyge lambs post mortem, although the meat is still tough.
Thus, the level of desmin might not be of any significan-
ce for the tenderness of a specific muscle from animals
with the same genetic background and the same post mor-
tem treatment (18). The presence (or lack) of a significant
correlation between meat tenderness and level of intact
desmin is probably associated not only with degradation
of the muscle protein but also is connected with numerous
factors, such as collagen content and sarcomere length,
which contribute to the tenderness of muscle (22). Re-
cently, it has been recognized that post mortem degrada-
tion of muscle proteins not only determines meat tender-
ness but affects the extent of drip formation (1, 6, 9, 11,
24) and may work in concert with biophysical forces to
influence water-holding capacity (10, 24). Additionally,
previous studies have suggested that reduced degradation
of the desmin that ties the myofibril to the cell membrane
may allow shrinkage of the myofibril to result in shrinkage
of the muscle cell. This shrinkage opens drip channels
and results in increased drip loss (9, 11). Therefore, in-
creased degradation of desmin could prevent myofibril
shrinkage from being effectively transmitted to the entire
cell and would allow more moisture to reside in the tissue
(10). Positive correlations between intact desmin and drip
loss observed in the current study during post mortem sto-
rage are in agreement with the study of Kristensen and
Purslow (9) and Zhang et al., (24), who showed that the
rate of desmin degradation was associated with drip loss
value in pork. However, Schafer et al. (15) described that
variations in the degradation of desmin only account for
13% of variation in drip loss using PLSI (Partial Least
Squares) models and concluded that the degree of degra-
dation of desmin was not correlated with drip loss. But it
is noteworthy that Schafer et al. (15) only measured the
early structural changes of cytoskeletal proteins from 3 to
24 h. Moreover, a significant relationship between intact
desmin and pH of meat observed in the present study
agrees with the findings of Melody et al. (10) who repor-
ted greater desmin degradation in the m. longissimus in
pigs compared to the m. psoas major, which at the same
time displayed a more rapid pH decline post mortem com-
pared to m. longissimus. Bee et al. (1) suggested that pH
decline in early post mortem muscles may account for
a portion of the extent of proteolytic disruption of inter-
mediate filaments and costamere, which may dictate the
degree of muscle fibre shrinkage that is caused by myo-
fibrillar shrinkage. This would have an impact on the
amount of intracellular water shifted toward extracellular
water during rigor development, thus affecting water loss
during aging (9). Moreover, Huff-Lonergan and Loner-
gan (6) suggested that because desmin is a known p-cal-
pain substrate, it is reasonable to hypothesize that calpain
autolysis and activation may explain a portion of the
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variation of desmin degradation and could subsequently
influence drip loss.

It is concluded that the fastest rate of desmin degrada-
tion and the greatest changes in the physico-chemical pro-
perties of meat occurred within the first 24 h of storage.
Furthermore, the high levels of intact desmin were as-
sociated with high levels of drip loss and low levels of pH
and shear force values.
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