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Abstract

Spent layer breast meat and leg meat samples washed with 0.05 M sodium bicarbonate solution and
0.04 M phosphate buffer(pH 8.3) showed decreases in heat denaturation temperature indicating the desta-
bilization of myofibrillar proteins. The destabilization was attributed to the solubilization of 895 Kdalton
and 55 kdalton proteins from the myofibrils observed in gel-electrophoretograms. Transmission electron
microscopy further indicated the breakage of Z-lines.
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Introduction

Washing of poultry meat and mechanically debon-
ed poultry meat has been attempted by several re-
searchers in order to reduce color intensity and fat
content of these products. Ball and Montejano™ wa-
shed broiler thigh meat with sodium bicarbonate so-
lution and sodium acetate solution as an extraction
media. The authors reported 73 to 88% reduction of
total pigment content in treated meat. Hernandez ef
al.? examined the effect of washing on the color cha-
racteristic of mechanically deboned turkey meat. Sa-
mples were washed with phosphate buffers(0.04 M,
pH 64, 7.2 and 8.0) and the resulting meat pastes
were centrifuged to remove the solutions. Extensive
extraction of pigments was observed when the buffer
with a pH of 8.0 was used. Treated samples showed
a 64% reduction in redness and a 51% reduction in
lightness. Results of previous research works indi-
cate heme pigments can be effectively removed from
poultry meat by washing. However, the effect of wash-
ing treatments on the physicochemical conditions
of myofibrillar proteins which are closely realted to
the quality of further processed poulty meats have
not been provided. In this study, spent layer breast
meat and leg meat samples were washed with 0.05 M
sodium bicarbonate solution and 0.04 M phosphate
buffer(pH 8.3) and the effect of washing treatments
on the thermal stability and structure of muscle pro-
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teins were investigated.

Materials and Method

Materials

Spent layers(15 to 17 months old white leghorns)
were slaughtered by severing the carotid artery. Af-
ter bleeding and defeathering, intestines were remo-
ved and carcasses were put into ice slush(0'C) and
aged overnight(12~15 hr). Aged carcasses were in-
dividualy vacuum paccked into Cryovac bags(W.R.
Grace and Co., Duncan, SC, USA) and blast frozen(—
35C). For each study, frozen carcasses were thawed
at 4C overnight(12~15 hr). Breast, thigh and drum-
stick part were removed from the carcass and debo-
ned without skin by hand. Meat samples were then
ground using a meat grinder(Model 4812, Hobart
Manufacturing Co., Troy, OH, USA) with a 048 cm
plate. Representative portions of ground meat samp-
les were treated with cold tap water and buffer solu-
tions as described in following sections and subjected
to the analyses.

Measurement of thermal properties

Thermal properties of samples were checked using
a Perkin Elmer DSC-4 with a Perkin Elmer Thermal
Analysis Micro-processor controller.

Ground breast meat, thigh meat and drumstick
meat were treated with 5 times(v/w) of cold(4~6C)
tap water, 0.05 M sodium bicarbonate solution and
0.04 M phosphate buffer(pH 8.3) of 7 min, respecti-
vely. Treated samples were then rinsed with 5 times
(v/w) of cold tap water and the excess solutions were
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removed using a triple layer of cheese cloth. For each
run, approximately 10 to 12 mg of samples were ac-
curately weighed and sealed into Perkin Elmer alu-
minum hermatic pans(kit number 2190-0062) using
a crimper. Ten to 12 m/ of distilled water were sealed
into a pan and use as a reference. The heat flow pat-
tern was scanned from 10T to 90C at the tempera-
ture increment rate of 10°C/min.

Plots of thermograms were then analyzed using
the partial area program of the Perkin Elmer Ther-
mal analysis Data Station(TADS). Total enthalpy of
transition was calibrated per g sample and per g pro-
tein. The protein content of samples were determi-
ned by the macrokjeldahl procedure.® A factor of 6.
25 was used to estimate protein content based on
the amount of nitrogen in a sample.

Sodium dodecylsulfate-polyacrylamide gel electro-
phoresis

Ground breast meat, thigh meat and drumstick
meat were treated with cold tap water, bicarbonate
solution and phosphate buffer as described in the
previous section. After treatment, solutions were fil-
tered through whatman #1 filter papers. Filtrates
were then decanted into polycarbonate tubes and ce-
ntrifuged at 27,000 X G for 10 min at 4C. After centri-
fugation, the supernatants were dialyzed against
deionized water for 24 hrs at 4C and freeze-dried
using a pilot scale freeze drier(Virtis 15 SRC-X, th
Virtis Co., Inc., Gardiner, NY, USA). Dried samples
were then put into vials wrapped with aluminum foil
and kept in a dessicator until analysis. Exactly 10 mg
of freeze dried samples were dissolved in 1 m/ of sa-
mple buffer(0.0625 M tris, 2.5% SDS, 12.5% glycerol,
5% mercaptoethanol, pH 6.8) and SDS-PAGE was pe-
rformed following the method of Laemmli.¥

Transmission electron microscopy

Ground breast and ground drumstick samples
were washed with the solutions as described in the
previous sections. After draining of the solutions,
meat particles were immersed in a fixing solution(3%
glutaraldehye in 0.15 M sodium cacodylate buffer, pH
7.1) and kept in an ice bath for 2 hr. The samples
were stained with 0.5% uranyl acetate in 0.1 M so-
dium accetate buffer(pH 7.1) overnight and dehydra-
ted using graded cold acetone solutions. Dehydrated
samples were then embedded in expoxy resin. After
embedding, sections were cut, mounted on a copper
grid and sequentially stainned with 30% uranyl ace-

tate and 0.2% lead acetate solutions. Stained samples
were mounted on a Hitachi transmission electron
microscope(Model 11 E) and representative parts
were photographed at 7.500X magnification. For the
quantitation of structural changes, fields were selec-
ted in a random fashion(zig-zag motion) and specific
morphological parameters(swelling of myofibrils, loss
of M-line, breakage of Z-line and mitochondrial swel-
ling) were observed as described by Voyle ef al.®’ The
degree of morphological changes was scored based
on 0~2 scale as shown below:

0: No change

1: Partial change, but not clear

2: Definite change

The mean values of scores wer used as quantita-
tive indexes of the change.

Statistical analysis

Analysis of variance(AOV) tests were performed
using the general linear model program developed
by SAS(Statistical Analysis system Institute Inc,
Cary, NC, USA). The mean differences were exami-
ned using the Student-Newman-Keuls test, a part of
SAS program.

Results and Discussion

Thermal properties

The thermal denaturation patterns of the treated
samples and control samples were compared in order
to examine the effect of washing treatments on the
maximum thermal denaturation temperature(T ..
and denaturation enthalpy(AH) of the major muscle
protein components.

Thermograms of ground breast meat showed five
endothermicc transition peaks(Fig. 1). In case of wa-
ter-washed ground breast meat, first peak and the
last peak became more prominent. In cases of bicar-
bonate and phosphate washed ground breast meat,
lowering of T.(approximately 5 to 7C decrease) of
second major peak was observed.

Kijowski and Mast® observed similar denaturation
pattern in case of ground broiler breast meat and co-
ncluded that the peaks correspond to the denatura-
tion of myosin(T,, 50C), sarcoplasma(T ., 63~68C)
and action(T ., 80T) by comparing the thermogram
of ground breast meat with that of purified myosin,
actin and sarcoplasmic drip, respectively. Therefore,
it was postulated that the disappearance of interme-
diate peaks observed in case of water-washed ground
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Fig. 1. Effect of washing treatments on the thermal de-
naturation of breast meat

A: Ground breast(control), B: Water washed, C: Bicar-
bonate washed, D: Phosphate washed

breast meat samples may have been caused by the
removal of water soluble sarcoplasmic proteins under
the assumption that there is little difference in com-
position of broiler breast meat and spent layer breast
meat.

The lowering of T of second major peak obser-
ved in case of bicarbonate and phosphate-washed
ground breast meat required more speculation since
it indicated the destabilization of actin which is a ma-
jor structural protein in a muscle. The lowering of
Twmax of second major peak was also observed in cases
of bicarbonate-washed and phosphate-washed
ground thigh and ground drumstick samples.(Figs. 2
and 3). This destabilization effect on the thermal tra-
nsition was believed to be a consequence of the bica-
rbonate and phosphate washing since the washing
was the only additional treatment imposed to the sa-
mples.

The lowering of T in the presence of added
NaCl has been observed among different species of
meat. Starbursvik and Martens” reported approxi-
mately a 4C decrease in the actin peak of post rigor
bovine Semimembranosus due to the addition of 0.15
M NaCl. Kijowski and Mast® observed an 8C dec-
rease in the actin peak of myofbrils prepared from
chicken breast muscle after the addition of 1% NaCl
and reported a continuing decrease of the Tp. of the

Structure and Thermal Stability of Spent Layer Meat 697

I 0.25 mJ /sec
61.0
_M
1 62.9 78.8 A
———’/-/\___/\_ .
61.9 ¢
737
D
1 i 1 1 1 L
40 50 60 70 80 20
TEMPERATURE °C

Fig. 2. Effect of washing treatments on the thermal de-
naturation of thigh meat
A: Ground thigh(control), B: Water washed, C: Bicar-
bonate washed, D: Phosphate washed
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Fig. 3. Effect of washing treatments on the thermal de-
nuturation of drumstick meat
A: Ground drumstick, B: Water washed, C: Bicarbo-
nate washed, D: Phosphate washed

actin peak upon the increase in the NaCl concentra-
tion.

The lowering of Ty, due to bicarbonate or phos-
phate washing observed in this study was close to
the change caused by 1% NaCl in the case of chicken
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Table 1. Effect of washing treatment on total enthalpy of transition®

Breast Thigh Drumstick
Joule/ Joule/ Joule/ Joule/ Joule/ Joule/
sample g protein g sample g protein g sample g protein
Control 2.93¢ 12.77 2.64° 13.482 2.72¢ 13.19*
(Not washed)
Water-washed 2.38" 13.23¢ 2.39% 14.407 2.26° 12.64%
2.09° 14.53* 2.18" 14.86° 2.22¢ 13.48¢
Phosphate-washed 2.05 14.78* 2.18" 14.78° 2.05° 12.69¢

1Values represent means of three replications. Within each column, means having the same letter(a-b) are not significantly

different(P>.0

myofibrils®. The removal of sarcoplasmic proteins
did not seem to be related to this phenomenon since
the change(lowering of T,.) was not observed in
case of the water-washed samples. Therefore, it was
postulted that structural changes of myofibrillar co-
mponents similar to the change in the presence of
added NaCl may have been caused by the washing
treatments.

Bicarbonate-washed thigh and drumstick meat and
phosphate-washed thigh and drumstick meat showed
significantly(p<.05) lower total enthalpy of thermal
transition on a g sample basis compared to the cont-
rols(Table 1). However, the enthalpy values on pro-
tein content basis were not significantly(p>.05) diffe-
rent from those of control samples. It was reported
that the thermal transition energy of myofibrillar
proteins and sarcoplasmic proteins was approxima-
tely the same in case of beef and rabbit muscles."”
If this is the case in chicken meat, the non-significant
differences in thermal transition energy of the sam-
ple on a g protein basis can be explained priori.

The low thermal transition energy on g sample ba-
sis of the treated samples appeared to be the simple
reflection of their lower protein content.

Extraction of myofibrillar proteins

Electrophoretograms of solubilized proteins in the
washing solutions(tap water, bicarbonate solution
and phosphate solution) indicated the extraction of
a 90~95 kdalton protein, a 55 kdalton protein and
a 33 kdalton protein due to the bicarbonate and
phosphate washings(Fig.4). The 9095 kdalton
protein may be a-actinin(M.W. 95,000) and the other
proteins may be desmin{or H-protein, M.W. 55,000)
and tropomyosin(M.W. 33,000), since the estimated
molecular weights are within the normal range of
variance (+10%).

- 95K

-55K

- 33K

Bt B2 B3 T1 T2 T3 D1 D2 D3

Fig. 4. SDS-PAGE electrophoretogram illustrating the

solubilization of some myofibrillar proteins due to bicar-

bonate-washing or phosphate-washing

B1=Water extract of breast meat(breast control); B2
=Bicarbonate extract of breast meat; B3=Phosphate
extract of breast meat; T1=Water extract of thigh
meat(thigh control); T2= Bicarbonate extract of thigh
meat; T3=Phosphate extract of thigh meat; D1=Wa-
ter extract of drumstick meat(drumstick control); D2
= Bicarbonate extract of drumstick meat; D3=Phos-
phate extract of drumstick meat

Among the three components, a-actinin and des-
min are the major components which contribute to
the maintenance of the highly organized myofibrillar
structure. Therefore, it was postulated that the ext-
raction of these proteins may result in the destabili-
zation of myofibrillar structure.

It has assumed in the previous discussion that the
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Fig. 5. Effect of washing, bicarbonate-washing and phosphate-washing on the myofibrillar structure of spent layer
breast meat
A=Breast meat(not treated, control); B=Water-washed breast meat; C= Bicarbonate-washed breast meat; D= Pho-
sphate-washed breast meat

Fig. 6. Effect of water-washing, bicarbonate-washing and phosphate-washing on the myofibrillar structure of spent
layer drumstick meat .
A=Drumstick meat(not treated, control); B=Water-washed drumstick meat; C=Bicarbonate-washed drumstick

meat; D=Phosphate-washed drumstick meat
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Table 2. The incidence of structural alterations due to washing treatments’
Control Water Bicarbonate Phosphate
(not washed) washed washed washed
Breast
Swelling of myofibrils 01y 02y 16x 1.7 x
Loss of M-line 0.0 x 0.1x 0.9 x 09 x
Z-line break-up 03y 07y 15x 1.7x
Mitochondrial swelling 05y 1.3 xy 16 x 18x
Drumstick

Swelling of myofibrils 03 x 0.2 x 1.7x 13 x
Loss of M-line 0.8 x 05x 0.6 x 16x
Z-line break-up 0.0z 0.1z 1.1x 17y
Mitochondrial swelling 03y 17y 1.7x 19x

“Mean of scores based on; no change(0), partial change(1), definite change(2). Each value is a mean of 2 replications; each
replicate consists of 5 observations. Within each row means having the same letter(x-z) are not significantly different(P>.05)

decrease of the thermal denaturation temperature
may be related to the changes in the myofibrillar st-
ructure. The change shown in the electrophoretog-
rams supported this assumption.

Structural changes

The result of the previous parts of this study indi-
cated possible changes in the myofibrillar structure
due to the treatments. The morphological characteri-
stics of samples observed using TEM also indicated
significant change in the myofibrillar structure.

Bicarbonate and phosphate-washed samples sho-
wed the breakage of the Z-lines, the swelling of myo-
fibrils and the swelling or rupture of mitochondria,
while water wased samples did not show any signifi-
cant changes in structure except for the swelling of
mitochondria(Fig. 5 and 6). The same trends were
also indicated by the mean scores(refer to Materials
and Methods) of the morphological changes(Table 2).

The breakage of the Z-lines observed among the
bicarbonate-washed and phosphate-washed samples
appeare to be related to the extraction of 95 kdalton
protein and 55 kdalton protein since the moleculr
weights of these two components matched those of
g-actinin and desmin. However, the extraction of a
33 kdalton component can not be explained by any
of the observed changes.

The swelling of myofibrils and the rupture of mito-
chondria were postulated to be related to the inc-
rease in electrostatic repulsion due to the alkalinity
of the buffer solutions and the increase in osmotic

pressure due to the extraction of sarcoplasmic com-
ponents, respectively.
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