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ABSTRACT Soluble proteins, myofibrillar proteins, col-
lagen, texture, and cook loss were evaluated at different
meat temperatures by heating ground and formed
chicken breast meat in brass containers in a water bath
to temperatures of 40, 50, 60, 70, or 80 C. The soluble
proteins decreased by approximately 90% as meat tem-
perature increased from 23 to 80 C. The myofibrillar pro-
tein subunits of molecular weight greater than 43 kDa
decreased with increasing temperature from 23 to 80 C
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INTRODUCTION

When manufacturing precooked meat products, process
temperatures strongly influence texture, protein changes,
cooking yield, and other important quality factors such as
juiciness, color, and flavor (Bertola et al., 1994; Bouton et
al., 1981; Dumoulin et al., 1998; Martens et al., 1982; Paul,
1963). The relationships between processing temperature
and these quality factors are important in improving the
design and operation of thermal processes for foods (Rao
and Lund, 1986).

For example, heating temperatures have been shown to
affect the texture of beef muscle. Bramblett et al. (1959),
Marshall et al. (1960), and Penfield and Meyer (1975) be-
lieved that a lower cooking temperature yielded a more
tender product with lower cooking losses. Davey and Gil-
bert (1974) evaluated the relationship between texture and
heating temperature using small beef samples and found
that the texture varied in a temperature range of 40 to 75
C. Machlik and Draudt (1963) studied the effect of heating
temperature on changes in force required to shear small
cylinders of beef and found a decrease in toughness from
58 to 60 C and an increase from 65 to 75 C.

Texture changes during processing are a result of com-
plex chemical changes (Barrett et al., 1998; He and Sebranek,
1996; DeFreitas et al., 1997; Rao and Lund, 1986) related
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as analyzed via SDS-PAGE. Amount of soluble collagen
more than doubled when meat temperature was in-
creased from 50 to 70 C. The maximum peak shear force
was obtained, via Warner-Bratzler shear test, at 60 C for
ground chicken breast patties. The weight of patties de-
creased approximately 10.3% when meat temperatures
were increased from 23 to 80 C. Overall, heating tempera-
ture affected the texture of the meat and caused changes
in proteins and cook loss.

primarily to the muscle fibers (Rowe, 1974) and connective
tissue fibers (Hearne et al., 1978). The relationship between
texture and heat-induced denaturation of meat protein has
been reported for beef (Martens et al., 1982; Findlay et al.,
1986; Bertola et al., 1994). Temperature also affects the solu-
bility of the meat proteins (Bouton and Harris, 1972). How-
ever, results for heat-induced changes of connective tissue
in relation to texture vary (Hearne et al., 1978), and conflict-
ing explanations have been given for the relationship be-
tween texture and protein changes during thermal pro-
cessing of beef muscles (Bailey, 1984; Laakkonen et al., 1970;
Bertola et al., 1994; Paul et al., 1973; Bouton and Harris,
1972; Bouton et al., 1974; Bailey, 1984). The texture of cooked
meat is generally considered to be affected by heat-induced
changes in connective tissue, soluble proteins, and myofi-
brillar proteins. The cross-linkage between the collagen
molecules within the connective tissue is associated with
collagen solubility (Zayas and Naewbanij, 1986). Changes
in collagen solubility during heating could significantly
influence the texture of poultry meat (Zayas and Naew-
banij, 1986).

The Warner-Bratzler shear test is commonly used for
determining meat texture (Lanari et al., 1987; Zhang and
Mittal, 1993). Bouton and Harris (1972) used peak shear
forces from Warner-Bratzler tests to relate texture to
changes in meat proteins. When there are large differences
in collagen content (connective tissue) among meat sam-
ples, Warner-Bratzler shear force has correlated poorly with
the texture assessment (Penfield and Meyer, 1975). How-

Abbreviation Key: MSE = mean standard error.
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ever, chicken breast muscle contains a low level of collagen
(Dawson et al., 1991).

Collagen is distributed in a fine state of subdivision
throughout the muscle, and changes in connective tissue
during cooking are important to meat quality (Winegarden
et al., 1952). Although the collagen content of ground
chicken breast patties is low in comparison to that of the
various beef muscles evaluated by other researchers
(Hearne et al., 1978; Bertola et al., 1994; Paul et al., 1973),
changes in collagen solubility with heating temperature
could still affect the textural and water-binding properties
of the product (Eilert and Mandigo, 1993).

Heat-induced changes in protein solubility also relate to
changes in water-holding capacity of meat (Bouton and
Harris, 1972). Because of protein changes with heating,
water content within the meat myofibrils in the narrow
channels between the filaments changes as meat shrinks
within the tissue matrix (Bertola et al., 1994), resulting in
cook loss with heating. Meat can shrink in two dimensions
(length and width) and expand in the third dimension
(Offer et al., 1984; Rowe, 1974). The extent of meat shrinkage
and expansion varies with different muscles and the meat
temperature (Winegarden et al., 1952). The change in water
content also contributes to changes in sarcomere length
and juiciness with temperatures (Laakkonen et al., 1970;
Bouton et al., 1975).

Most previous reports have focused on the effects of heat
treatment on the structure of muscle fibers in relation to
the texture of beef (Bertola et al., 1994; Yu and Lee, 1986;
Zayas and Naewbanij, 1986). Limited publications have
been found on the effects of thermal processing on the
texture of chicken (Dawson et al., 1991) and chicken prod-
ucts. The objective of this study was to evaluate changes
in proteins, texture, and mass of ground chicken breast
patties at different meat temperatures.

MATERIALS AND METHODS

Approximately 5 kg 100% ground and formed chicken
breast patties (114.3 mm diameter × 14.8 mm thick; average,
53 g) were obtained from a commercial processor. For prox-
imate analysis, six original patties were tested. For the ther-
mal treatments, the original patties were cut into smaller
patties (50.8 mm diameter × 14.8 mm thick). For each ther-
mal treatment, 21 of these samples were individually pro-
cessed. From these processed samples, 12 were used to
analyze cook loss. Then, a smaller (25.4 mm diameter) disc
was bored, with a boring device, from the center of each
of the 21 samples. From these 21 discs, 12 were used for
texture analyses, three were used for the analyses of soluble
proteins and SDS-PAGE, and six were used for collagen
solubility analyses. For the uncooked meat, six patties were
used for the analyses of soluble proteins, SDS-PAGE, and
collagen solubility; 12 other raw patties were also subsam-
pled via a 25.4 mm-diameter boring device and used for
texture analysis.

3Sigma Chemical Co., St. Louis, MO 63178.

Sample Composition

Proximate analyses on the chicken patties were carried
out per AOAC procedures in sections 950.46B, 981.10,
985.15, and 900.02A (AOAC, 1990). The total water content
was 78.6 ± 1.2% (w/w, wet basis), using an oven drying
method at 110 C for 24 h. The total protein content was
95.2 ± 0.6% (w/w, dry basis), using the Kjeldahl method.
The total lipid content was 0.15 ± 0.08% (w/w, dry basis),
using the Soxhlet method. The total ash content was 2.1 ±
0.3% (w/w, dry basis), using a gravimetric method by
heating the sample at 550 C in a muffle furnace for 24 h.

Temperature Treatment

Prior to the thermal treatments, the original meat patties
were cut into discs (50.8 mm diameter × 14.8 mm thick),
placed into a brass container (51 mm diameter × 15.0 mm
height × 0.038 mm wall thickness), and immersed in a
thermostatic water bath (± 0.1 C) at a temperature of 40,
50, 60, 70, or 80 C. Temperature was monitored at the center
of the sample via a Type E thermocouple. The treatment
was stopped when the meat center differed <0.2 C from
the bath temperature (within 17 to 20 min). After each heat
treatment, samples were removed from the thermostatic
bath and cooled by immersing the sample container in an
ice-water bath until the sample center reached 23 C (within
3 to 4 min). During each experiment, thermocouples were
also used to monitor the temperatures of the sample sur-
face, the midpoint between the center and the surface, and
both water baths (heating and cooling).

The thermally processed samples were allowed to equili-
brate at ambient temperature for 15 min prior to the analyti-
cal procedures for cook loss and texture. The samples for
soluble proteins, SDS-PAGE, and collagen analyses were
placed in a freezer (−20 C) immediately after the thermal
treatments and subsequently analyzed within 3 d.

Soluble Proteins

Both cooked and uncooked meat samples were freeze-
dried, ground, and dissolved in a 0.05 M potassium phos-
phate buffer solution with 0.1M NaCl, 5 mM EDTA, and
1 mM NaN3 at pH 7.4 (Lan et al., 1995). The sample solution
(2%, w/v) was gently shaken on an oscillator for approxi-
mately 16 h to allow a complete extraction and then centri-
fuged for ∼1 min at 8,000 × g. Soluble proteins were deter-
mined by analyzing the supernatant using the Bradford
method (Bradford, 1976) and expressed as a percentage of
the total soluble proteins in the sample (w/w, dry basis).
Bovine serum albumin3 was used as the protein standard.

Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis

Cooked and uncooked meat samples were freeze-dried
and subjected to SDS-PAGE (sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis), according to the proce-
dures described by Claeys et al. (1995). Protein solutions of
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0.1% (w/v) were obtained by dissolving the meat samples
in 10% SDS solution. After mixing with the loading buffer
at a ratio of 1:3 (sample solution:loading buffer), 10 µl of
each protein solution were loaded on a 4 to 20% acrylamide
gel. The molecular weights of the protein subunits were
determined using a densitometer by the comparison of
their relative mobilities of migration with those of protein
molecular weight standards (high range molecular weight
standards4 for SDS-PAGE).

Collagen Solubility

Prior to collagen analysis, cooked and uncooked samples
were thawed in the refrigerator (4 C) for 8 h and then
allowed to equilibrate at ambient temperature for 30 min.
The effect of meat temperatures on the connective tissue
of the ground chicken breast patties was determined by
the hydroxyproline solubility in the samples (Pool, 1967).
Meat samples (6 g) were treated according to the prepara-
tion procedures of Eilert and Mandigo (1993) for analyzing
the soluble and insoluble collagen in meat products. The
soluble and insoluble hydroxyproline contents were deter-
mined using the rapid procedure of Bergman and Loxley
(1963). Collagen values were expressed as milligrams colla-
gen per gram sample (wet basis), using hydroxyproline
conversion values of 7.25 and 7.52 for insoluble and soluble
collagen, respectively. Solubility of collagen, which reflects
the degree of collagen crosslinking, was expressed as a
percentage of the soluble collagen in the total collagen
(w/w).

Texture

The Warner-Bratzler shear test (Lyon et al., 1998) was
used to evaluate the texture of the ground chicken breast
patties after thermal processing. Mechanical properties of
the meat were tested by Warner-Bratzler shear on a univer-
sal testing machine,5 with a shear speed of 40 mm/min.
The shear blade was applied perpendicularly to the disc
axis, and peak force was determined as the maximum force
during shearing.

Cook Loss

After heating, samples were removed from the container,
blotted with a paper towel, and weighed to determine the
cook loss. The mass changes were expressed as a percentage
of initial mass (w/w, wet basis). Because the change in
water content was evaluated with relatively small samples
(30 g), the data obtained in this study would not fully
represent the water diffusion that might occur in larger
meat products or in different cooking environments. None-
theless, the comparative study of mass change as presented
in this study should still yield insight about the ability of
the meat to hold water after various heating treatments.

4GIBCO Life Technologies, Rockville, MD 20850.
5Instron Corporation, Canton, MA 02021.

FIGURE 1. Example of thermal history of chicken breast patties (n
= 21) at a bath temperature of 50 C for the sample surface, center, and
midpoint between the surface and center.

Overall Statistics

For soluble proteins, collagen, toughness, and cook loss,
averages and standard deviations were computed from 3,
6, 12, and 12 samples, respectively, at each temperature
treatment. Analyses of variance and correlation analyses
were performed among meat temperature, soluble pro-
teins, soluble collagen, peak force, and cook loss. Model
fitting was conducted using standard least squares. Statisti-
cal evaluation was performed via SAS software (SAS Insti-
tute, Inc., Cary, NC, 1998). For SDS-PAGE, based on the
comparison analysis using a densitometer, the elec-
trophretic results were identical in all runs (n > 6) for the
samples with the same temperature treatments.

RESULTS AND DISCUSSION

Thermal History

Meat samples were processed until center temperatures
were in equilibrium with the bath temperature (i.e., within
0.2 C), which ensured that the final temperature profile
was uniform within the sample (Figure 1).

Soluble Proteins

The total soluble proteins decreased (P < 0.0001) with
increasing meat temperatures (Table 1). At 40, 50, 60, 70,
and 80 C, the total soluble proteins in the ground chicken
breast patties decreased 9.7, 39.0, 79.5, 88.2, and 89.7%,
respectively, relative to the raw patties. These results agreed
well with previous studies (Murphy et al., 1998; Bouton
and Harris, 1972). Murphy et al. (1998) observed several
endothermic transitions in a range of 58.7 to 78.5 C for the
sarcoplasmic proteins in chicken breast patties. Bouton and
Harris (1972) found that the sarcoplasmic proteins in beef
were almost completely denatured at 62 C and above.
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TABLE 1. Changes in ground chicken breast patties after
heating to different temperatures

Soluble proteins Soluble collagen Cook loss
Temperature (%, w/w, dry (%, w/w total Peak force (%, w/w, wet
(C) basis) collagen) (N) basis)

231 19.5 (0.4)2 5.9 (0.1) 6.8 (0.8) none
40 17.6 (0.5) 7.6 (0.1) 6.9 (0.3) 2.9 (0.1)
50 11.9 (0.6) 9.0 (0.2) 10.4 (0.5) 7.3 (0.2)
60 4.0 (0.2) 18.3 (0.1) 17.6 (0.8) 8.8 (0.1)
70 2.3 (0.1) 20.3 (0.5) 17.3 (0.2) 8.9 (0.1)
80 2.0 (0.1) 21.8 (0.3) 15.1 (0.3) 10.3 (0.3)

1Uncooked patties after equilibration to room temperature.
2Numbers in parentheses are standard deviations.

Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis

In the study of Lan et al. (1995), skeletal muscle myosin
had a molecular weight of 480 kDa, with two large subunits
(heavy chains) and four small subunits (light chains). Each
heavy chain had a molecular weight of 200 kDa, and the
light chains had molecular weights of ∼16 to 27.5 kDa.
Actin was in its monomeric form of G-actin with a molecu-
lar weight of 42 kDa. In our study, SDS-PAGE demon-
strated that the protein subunits with a molecular weight
greater than 40 kDa decreased with increasing cooking
temperature (Figure 2). Two endothermic transitions, as
evidenced by differential scanning calorimetry (DSC), were
observed in the ranges of 31.8 to 35.0 C and 50.9 to 54.1
C for the myofibrillar proteins in chicken breast patties
(Murphy et al., 1998). Those endotherms were assumed to
correspond to protein denaturation and are consistent with
the SDS-PAGE results from this study. The 200-kDa band
decreased in the meat samples at 40 C, and the 43-kDa
band decreased in the meat samples at 60 C. These two

FIGURE 2. SDS-PAGE of the ground chicken breast patties. a) Stan-
dard; b) raw ground chicken breast patties; c, d, e, f, and g are patties
cooked to 40, 50, 60, 70, and 80 C, respectively.

bands corresponded to the myosin heavy chain and actin
in myofibrillar proteins, respectively (Claeys et al., 1995).
At 80 C, the major remaining bands were at molecular
weights of <38 kDa.

Our results could be explained as increasing cooking
temperature resulting in fragmentation of muscle proteins
with higher MW. Similarly, disintegration, shortening, and
unfolding of protein polypeptide chains have also been
observed in heated beef samples (Hearne et al., 1978; Dube
et al. 1972) and pork samples (Zayas and Naewbanij, 1986).

Collagen Solubility

Collagen content in the ground chicken breast patties
was 3.0 ± 0.6 mg/g (w/w, wet basis). Soluble collagen in
the uncooked ground chicken breast patties was 0.18 ±
0.05 mg/g sample (wet basis). Amount of soluble collagen
increased (P < 0.0001) with increasing meat temperature
from 50 to 70 C (Table 1). This result agreed with that of
Murphy et al. (1998), in which an endothermic transition
was observed at a temperature range of 59.6 to 68.4 C for
collagen in chicken breast patties. Similar results were also
obtained by Winegarden et al. (1952) for strips of collage-
nous material heated in distilled water.

Texture

Meat temperature affected (P < 0.0001) the texture of the
ground chicken breast patties as indicated by peak force
(Table 1). From 40 to 60 C, the peak force for the ground
chicken breast patties increased approximately 150%. In
contrast, the peak force decreased 14.2% with increasing
temperature from 60 to 80 C. These changes in texture with
meat temperatures could be affected by changes in the
soluble proteins, myofibrillar proteins, and connective tis-
sue of the ground chicken breast patties.

Heating produced a softening of connective tissue caused
by conversion of collagen to gelatin and a toughening of
meat fibers caused by heat coagulation of myofibrillar pro-
teins (Bouton and Harris, 1972). From past studies in beef,
it was suggested that meat texture increased with fragmen-
tation of myofibrillar proteins (Paul, 1963; Laakkonen et al.,
1970; Bailey, 1984; Davey et al., 1976) and decreased with
increasing collagen solubility (Rao and Lund, 1986; Zayas
and Naewbanij, 1986; Davey and Gilbert, 1974). Myofibril-
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TABLE 2. Parameter estimates for peak force and cook loss

Response Term Estimate SE P value Lower 95% Upper 95%

Peak force1 a1 17.7034 0.6854 <0.0001 16.2334 19.1733
b1 −1.8636 0.1892 <0.0001 −2.2694 −1.4578
c1 0.2950 0.0440 <0.0001 0.2006 0.3895
d1 −0.0032 0.0005 <0.0001 −0.0043 −0.0022

Cook loss2 a2 7.6692 0.4649 <0.0001 6.6783 8.6602
c2 −0.1192 0.0037 <0.0001 −0.1271 −0.1113
d2 0.0022 0.0001 <0.0001 0.0019 0.0025

1For peak force: R2 = 0.9858, mean square error (MSE) = 0.485. The a1, b1, c1, and d1 are the coefficients for
the intercept, soluble proteins, soluble proteins × collagen, and temperature × soluble proteins × collagen terms,
respectively.

2For cook loss: R2 = 0.9858, mean square error (MSE) = 0.230. The a2, c2, and d2 are the coefficients for the
intercept, soluble proteins × collagen, and temperature × soluble proteins × collagen terms, respectively.

lar protein shortening during heating could also result in
increasing toughness in chicken (Dawson et al., 1991). In
this study, the maximum peak force value was at ∼60 C,
at which drastic changes occurred in soluble proteins, colla-
gen solubility, and myofibrillar proteins (Table 1 and Figure
2). These results suggested that texture of the ground
chicken breast patties could be attributed to a combined
effect of soluble proteins, myofibrillar proteins, and colla-
gen. Larick and Turner (1992) stated that collagen began
to shrink at 60 to 70 C and was converted to gelatin at 80
C and that these changes weakened the connective tissue.
Therefore, the reduction in toughness above 60 C could
also be due to the increase in collagen solubility, as reported
by Rao and Lund (1986) and Zayas and Naewbanij (1986).

From statistic analysis, a linear model of y1 = a1 + b1x2

+ c1x2*x3 + d1x1*x2*x3 + ε1 was obtained with R2 = 0.9819
and mean standard error (MSE) = 0.485. In this model, y1

is peak force; x1 is temperature; x2 is soluble proteins; x3 is
collagen; a1, b1, c1, and d1 are estimated coefficients; and
ε1 is the error term (Table 2). Therefore, the texture of
chicken breast meat is significantly influenced by soluble
protein; the interaction of soluble proteins and collagen;
and the interaction of temperature, soluble proteins, and
collagen.

Cook Loss

Increasing temperature causes denaturation of myofi-
brillar proteins, primarily the actomyosin complex, and
consequently results in shrinkage of the muscle fiber (Bai-
ley, 1984). Our data (Table 1) showed that the change in
cook loss was significant (P < 0.0001) from 23 to 80 C
because of a reduced water-holding capacity. Similar re-

TABLE 3. Pearson product-moment correlation coefficients for temperature, soluble proteins,
collagen, peak force, and cook loss

Soluble
Variable Temperature proteins Collagen Peak force Cook loss

Temperature 1.0000 −0.9532 0.9418 0.8470 0.9575
Soluble proteins −0.9532 1.0000 −0.9761 −0.9609 −0.9483
Collagen 0.9418 −0.9761 1.0000 0.9307 0.8833
Peak force 0.8470 −0.9609 0.9307 1.0000 0.8773
Cook loss 0.9575 −0.9483 0.8833 0.8773 1.0000

sults were also reported for beef muscle (Laakkonen et al.,
1970; Bouton et al., 1975; Bertola et al., 1994). Dawson et al.
(1991) reported a moisture loss of 0.8 to 2.9% for broiler
meat and 2.9 to 7.4% for hen meat during aseptic processing
at high temperature (120 to 145 C) and short time (∼10 s).
Zayas and Naewbanij (1986) also found that total losses
from beef increased with heating temperature because of
changes in water-holding capacity.

Water-holding capacity of muscle tissue has been related
to the extent of heat denaturation of myofibrillar proteins
during thermal processing (Larick and Turner, 1992). With
increasing temperature, the denaturation of myosin and
actin caused structural changes and expelled the sarcoplas-
mic fluid from the muscle fibers, resulting in water losses
from meat tissue (Bertola et al., 1994). A linear model of y2
= a2 + c2x2*x3 + d2x1*x2*x3 + ε2 was obtained with R2 =
0.9858 and MSE = 0.230. In this model, y2 is cook loss; x1
is temperature; x2 is soluble proteins; x3 is collagen; a2, c2,
and d2 are the estimated coefficients; and ε2 is the error
term (Table 2).

From the analysis of variance, components in models for
both texture and cook loss did not include the main effect
term of collagen, which might be due to the small content
of collagen in tested meat samples. In summary, increasing
the meat temperature from 23 to 80 C reduced soluble
proteins, dissociated myofibrillar proteins, increased colla-
gen solubility, increased cook loss, and affected the texture
of ground chicken breast patties. A strong linear correlation
was obtained between heating temperature and soluble
proteins, heating temperature and collagen, heating tem-
perature and toughness, and heating temperature and cook
loss (Table 3). The results suggest that both muscle and
connective tissue changes during heating may influence
texture and cook loss from processed poultry meat.
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