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Kinetics of Thermal Denaturation of Protein in Cured Pork Meat 

Shino KA]ITANI ¥ Mika FUKUOKA1，t， and N oboru SAI仏11

Deρartment 01 Food Science and Technology， Tokyo Universiか01Marine Science and Technolog九
Konan 4-chome， Minato， Tokyo 108-847スJapan

Thermal denaturation of protein in cured pork meat that contains different amounts of sodium 
chloride (NaCl) was analyzed using differential scanning calorimetry (DSC). Three endothermic 

peaks that correspond to myosin， sarcoplasmic proteins and collagen， and actin were affected by the 
curing process. Denaturation of actin occurred at a lower temperature in line with the increase in the 
amount of NaCl in the meat sample. In addition， the endothermic peak of myosin disappeared when 
the NaCllevel exceeded 20 mg/g. The inf1uence of the NaCl1evel on the kinetic constant of protein 
denaturation and temperature dependency were studied using the DSC dynamic method. As the level 

of NaCl in the meat increased， the thermal-denaturation rate constant of each protein increased. 
Especially， the rate constant for actin increased remarkably， e.g. rate constant at 70

0
C increased 

from 0.1 min寸 (2mg/g of NaCI) to 1.75 min→(40 mg/g of NaCl). Using both the averaged activation 

energy of each protein (Myosin: 2.41x102 kJ/mol， Sarcoplasmic proteins and Collagen: 3.26x102 

司/mol， Actin: 2.50 x 102 kJ / mol) and the empirical equations that represent N aCl dependency of pre-
exponential factor in Arrhenius equation， denaturation rate constant at arbitrary temperature was able 

to be obtained. 
Key words: cured pork， thermal denaturation rate constant， DSC dynamic method 

1. INTRODUCTION 

A lot of operating conditions in the food manufacturing 

process have been decided based on the experience. 

Recently， however， the acquisition of the scientific data 

needed to verify the validity of various processes is being 

requested by a food manufacture and a food machinery 

company. It is guessed to the background of such a 

request to assume the reducing of the energy consump-

tion or the CO2 emissions wi11 be imposed on the food 

industry in the near future. In addition， in order to sus-

tain and provide the food safety， showing the information 

about the history of various treatments during process-

ing and describing the change of the quality are needed. 

Especially， the ability to predict unsteady-state changes 

during heat treatment is very important for optimum 

thermal processing in the food industry. 

In meat processing， thermal denaturation of muscle 

proteins such as myosin， sarcoplasmic proteins and colla-

gen， and actin， occurs at different temperatures. To 

describe those reactions during thermal processing， tem-

perature dependency of the reaction rate constant is nec-
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essary. Moreover， it is important to speciかthefactor that 

causes it for the temperature dependency. A lot of 

detailed studies have already been reported for the mus-

cle protein such as myosin and actin， etc. [1-4]. The 

kinetic of F-actin denaturation has been also studied [5]. 

However， these researches showed the behavior not of 

the meat block directly but of the isolated protein， 

because the experiment in the solution of the isolated 

myosin， actin etc.， and it is based on the aspect of poly-

mer gel formation. 

Differential scanning calor・imetry(DSC) is appropriate 

technique for obtaining thermal denaturation phenomena 

of meat block directly.羽anyresearch projects have 

investigated the thermal properties of various meat pro-

teins， such as for beef， pork， and fish， using DSC [6-8]. 

However， there is little information available about the 

kinetics of protein denaturation. Wagner et α1. 1985; 

Findlayet α1. 1986 obtained the kinetic constant for ther-

mal denaturation of a meat muscular protein using the 

DSC dynamic method [9，10]. Unfortunately， they only 

performed a 1imited investigation with respect to beef 

路 mples.

Traditional smoked ham is manufactured through a 

series process; curing (soaking in a pickle)， drying (50~ 

65
0
C) ， smoking (60~750C)， and heat sterilization (75~ 
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78
0
C). During the curing process， NaCl penetrates into 

the body of the meat， which influences the thermal dena-

turation of the meat protein. NaCl has been used not only 

as a seasoning， but also to improve quality and preserv仕

tion in meat processing. Increasing the NaCl content in 

beef， rabbit， chicken， and pork musc1e has been shown 

to destabi1ize the thermal stability of myosin and actin 

[11-13]. Quinn et α1. 1980; Akts et al. 2001; Iizuka et al. 

1996; have reported on the effect of NaCl on protein 

denat加ur悶ationthough ex呂mi加na必tiぬonsmade using the DSC 

method [13目-1

with increasing NaCα1 c∞oncent仕rations，the number of 
peaks is reduced and maximum temperatures of the 

peaks changes. While a lot of knowledge about the ther-

mal stabi1ity of meat protein with NaCl has been col-

lected， as mentioned above， there is no information about 

the kinetics of pork meat protein. 

In this study， we focus on the thermal denaturation of 

protein in cured pork meat. The influence of the NaCl 

level on the kinetic constant of protein denaturation and 

temperature dependency are studied using the DSC 

dynamic method， which was conducted under non-iso-

thermal conditions. 

2. MATERIALS AND METHODS 

2.1 Samples 

2.1.1 Meat Sample 1 

Pork sir1oin， which is the most common cut for roast 

ham， was used for the samples. A pork sir10in block (140 

mmX80 mm diameter， 500 g) was soaked in 1000 g of 

pickle solution (10.8 wt% of pickle powder whose main 

components were shown in Table 1) at 3~40C for a week. 

pH and Na concentration of the pickle solution were 7.13 

(7.8
0
C) and 6.18 wt%. After curing， the center and surface 

of a pork sir10in block was cut into cubes (1.0 X 1.0 X 1.0 

(10.8 wt%) at 3~4 oc. The curing times were 0， 5， 10， 15， 

20， 25， 30， 60， 120， 180， 240 and 300 min. After curing， the 

samples were wiped with cotton paper and stored at 5
0
C 

for 24 hours to allow the equilibrium value of the salt 

concentration in the sample to be reached. Twenty-four 

hours is sufficient time for reaching equilibrium， because 

the diffusion coefficient of N aCl in pork sir10in is 0.2 x 

10司 9m2/s [15]. We got samples of varied NaCl levels 

(2-40 mg/ g) by var匂dcuring times. 

2.2 Measurement of Na concentration 

Sodium concentration in the meat samples was deter-

mined using an atomic absorption spectrophotometer 

(AA-6400， Shimadzu. co， Japan) at 589 nm an air-acety国

lene flame. 

2.2.1 Prepara土ionof sample solutions 

After homogenizing the meat samples (1. 5~2.0 g)， the 

NaCl in the sample was extracted using 100 ml of 0.1 N 

HCl at 5
0
C for 5 days. Next， the extraction liquid was cen・

trifuged at 10000 rpm (36894Xg) for 15 minutes， and the 

resulting c1ear supernatant 1iquid was diluted and mea-

sur・edby atomic absorption spectrometry. 

2.3 DSC experiment 

The DSC experiments were conducted using a Perkin 

Elmer Pyr匂 1(USA). Samples of about 20 mg were 

placed in aluminum sample pans (KIT NO， 0219 -0041) 

and hermetically sealed. Then， the samples were heated 

from 30
0
C to 110

0
C at different heating rates s(s=10， 

12，15，17，20，22，25，27，3却OOC'min司寸1弘)ト.The peak tempera-

tures (Tma 

were determηli泌nedfor each run. The reference pan con-

tained 15μ1 of distilled water. 

3. R忍SULTSAND DISCUSSIONS 

cm3， approx. 1.5 g) for measurement of Na concentration. 3.1 DSC measurement 

20 mg of sample was taken out of the surface and the DSC measurement of a pork sirloin block that had 

center of cured meat block for the DSC measurement. undergone curing treatment (Meat Sample 1) was con-

2.1.2 Meat Sample 2 ducted. Onset (To) and peak temperature (TmaJ are 

A pork sir10in block was cut into cubes (1.0 X 1.0 X 1.0 shown in Table 2. The endothermic spectrum was differ-

cm3. approx. 1.5 g)， which were cured in a pickle solution ent between the center and surface of the cured meat 

Table 1 The main component of pickle powder (wt%). 

Polyphosphate sodium 5.00% 

Sodium L-ascorbate 2.80% 

Disodium dihydrogen pyrophosphate 1.70% 

Monosodium L-glutamate 

Tetrasodium pyrophosphate 

Sodium nitrite 

※ Sodium is ofthe total 56.0% 

2.80% 

1.70% 

0.55% 
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Table2九andTn拙 ofpork sirloin block (Sample 1) tre<lted with pickle solution and untreated， during heat scanning at 

10'C/min (myosin (1)， sarcoplasmic proteins and collagen (11)， and actin (狙)).

NaCl [mg/g] 

2.4 

Tmaxill ['C] 

78.2::!::0.8 

73.5::!::1.5 

71.9土1.8

Tmax 11 ['C] 

64.5こと1.1

TmaxI ['C] 

54.2土1.4
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meat protein remains unclear. 

Next， to analyze the influence of the r、~aCl level on 

thermal denaturation， cube samples (Meat Sample 2) 

with a different NaCllevel were prepared by curing for 

different treatment times. After each treatment， the 

amount of NaCl in the meat sample was measured. Using 

these samples， DSC experiments were conducted. The 

effect of the NaCllevel on the thermal denaturation tem-

perature observed by the DSC method is shown in Fig. 

1. The peak temperature (TmaJ of actin (III) sh泊edto a 

low temperature by increasing the amount of NaCl. 

Along with such actin behavior， the T max of sarcoplasmic 

proteins and collagen (II) approaches the Tmax of actin. 

On the other hand， myosin (I) did not change to any 

great degree， however， these peaks disappeared when 

the NaCllevel exceeded 20 mg/g. The results for cured 

meat block (meat sample 1; both surface and center) are 

also shown in Fig. 1. They fitted the behavior of the 

results of cube samples (meat sample 2) shown in Fig. 1. 

So， they correspond to a sequential analysis of NaCl 

dependency.‘ 

Fig. 1 Effect of NaCllevel on thermal denaturation temperature 

observed by DSC (15'C/min) for cube samples (Meat 

Sample 2). The results for cured meat block (meat sample 1; 

both surface and center) are also shown.月 口5
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sample. The thermogram for the center of the cured 

block sample shows three endothermic peaks with T max 

(denaturation peak temperature) values of near 50'C， 

60
0
C， and 70

o
C， which corresponds to myosin (1)， sarco-

plasmic proteins and collagen (II)， and actin (III)， which 

are the major proteins of meat [10，15，17]. ln the litera伊

ture report about meat protein， other endothermic 

peaks， e.g. dissociated myosin， have been detected by 

DSC [3]. However， these experiments were performed in 

the extracted solution system， not using intact meat tis-

sue. ln the case of using the intact tissue system like this 

work， only three major peaks are detected clearly. The 

detection sensitivity in DSC experiment might be one 

reason causing such phenomena. To of the actin peak for 

the cured meat sample at the center was 70
o
C， and at the 

surface it w，丘s68.6
0
C， whi1e that of昌nuntreated meat 

sample was 76.7
0
C. The amount of NaCl in a cured pork 

sirloin block， measured using an atomic absorption spec輔

trophotometer， is also shown in the table. The center 

contained 15土1.6mg/g of sample of NaCl， while the 

value was 28:t 1.9 mg/ g of sample at the surface. Based 

on the NaCl diffusion in pork meat experiment [181， it 

might be enough time to reach the equilibrium value of 

the salt concentration in the meat block sample (meat 

sample1). However， NaCl level was remarkably high， 

because only the surface of meat was exposed direct1y to 

the curing brine. It is seen that the denaturation tempera-

ture of actin shifted to a low temperature when the 

amount of NaCl in the meat block was higher. Moreover， 

in the thermograms of the surface， Peak 1 (myosin) dis-

appeared as a result of the high NaCl level. The endo-

thermic peak (53~550C) of myosin derived from the idea 

that denaturation secondary structure of myosin tail or 

tertiary structure of myosin [20-25]. And， by adding 

NaCI， a fibroid myosin is distributed to monomolecuiar. 

Therefore， the thermo-stability and the endothermic 

peak of myosin might be lost by structural change. The 

effect of NaCl on the thermal denaturation of pork mus-

cular protein has been already shown using the DSC 

method [15]. However， a sequential analysis of NaCl 

dependency has not been shown. Furthermore， NaCl 

dependency on the thermal denaturation kinetics of pork 



Figure 2 shows a plot of -ln (β .T;~) vs. T;~ ， for the 

meat block sample at both the center (containing 15 mg/ 

g of sample of NaCl) and the surface (containing 28 mg/ 

g of sample of NaCl). This plot， called an Ozawa plot， is 

shown in Fig. 2. The plot gives a straight line， the slope 

and intercept of which are used to determine Ea註ndZ. 

Table 3 shows the kinetic parameters， i.e.， activation 

energies and the pre-exponential factor・s，for the meat 

muscular protein both in the center and the surface part 

of cured pork block (meat sample 1). In the surface and 

the center， while NaCllevel is great1y different between 

them， the activation energy might be almost same 

because the order in those value is equal. On the other 

hand， the pre-exponential factors (Z values) didn't show 

Shino KAJ!TAN!， Mika FUKUOKA， Noboru SAKAI 

protein 

When the thermal denaturation rate of meat protein is 

assumed to be proportional to the concentration of non-

denatured protein (C)， (that is， a first-order reaction)， 

the reaction kinetic equation is given by Eq. (1)， where k 

is the rate constant of reaction. Eq. (1) gives Eq. (2)， 

where Co is the concentration of nondenatured protein at 

initial value and Ct is that at time t， and X is the nondena-

turation ratio， which is a dimensionless parameter. 

22 

3.2 Kine土icsof thermal denaれIrationof mea土

(1) 
dC W:-:-=-kC 
dt 

時=lnX=-kt (2) 

Moreover， the temperature dependency of the reaction 

rate constant k is represented by the fol1owing Arrhenius 

(O:S; X :S;1) 
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where Z is the pre-exponential factor of the Arrhenius 

equation， Ea is the activation energy， R is the gas con-

stant， and T is the temperature. If these Arrhenius 

parameters are obtained， the reaction rate constant k at 

an arbitrary temperature is available and the change in 

thermal denaturation of meat protein during thermal pro-

cessing can be calculated. Then， we applied the DSC 

dynamic method [19]， which was conducted in a non-iso-

thermal condition. A lot of information can be obtained 

using the dynamic method as compared with the isother-

mal technique， which requires many experiments. The 

relation between the heating rates s and T max， which was 

measured from the DSC experiment， is represented by 

Eq. (4). 

(3) 
E 

k=ZeRT 

Fig. 2 Ozawa plots for the myofibrillar proteins thermal 

denaturation according to the dynamic method. Slopes 

were used to calculate the corresponding Ea value for each 

transition. 
(4) ベ子三J=ln[~)-[え)

Table 3 The kinetic parameters， i.e.， activation energies and the pre-exponential factors， for the meat proteins 

both in the center and the surface part of cured pork block (Meat Sample 1) and th邑 averagedvalues of 

activation energy for each protein (Meat Sample 2). 

Meat Sample 1 
Center 

Meat Sample 1 
Surface 

Meat Sample 2 
Average 

Meat Sample 1 
Center 

Meat Sample 1 
Surface 

sarcoplasmic proteins 
and collagen 

actin myosm 

l.72x 102 2.54X102 2.67X102 Ea [kJ/mol] 

1.86x 102 3.10x102 Ea [kJ/mol] 

2.50:t 1.00 x 102 3.26土0.61X 102 2.41土0.45XI02Ea [kJ/mol] 

7.68x 1026 2.30x 1040 6.73x1043 Z[min-1J 

5.00X 1028 4.63x1048 Z[min-1J 
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same value because the slight difference in the activation 

energy， i.e.， slope of the Ozawa plot， exerts a big influ-

ence on the Z value. 

From the above mentioned results about meat block 

sample， the values of activation energy of cube samples 

(meat sample 2) that varied NaCl level were averaged. 

For myosin， the slopes of the Ozawa plot which con-

ducted about the cured samples (7 samples) including 

salt ranges from 2 mg/g to 20 mg/g were averaged. For 

sarcoplasmic proteins and collagen， and actin， the aver-

aged values were obtained from the cured samples 

including NaCl ranges from 2 mg/g of sample to 40 mg/ 

g of sample (9 samples) used. The results were shown in 

Table 3 together with standard deviation. Those values 

were good agreement with the results in cured pork 

block (meat sample 1). In addition， each standard devia-

tion for three meat proteins was sufficient small against 

the mean value. Thus， the pre-exponential factors (Z 

value) were ca1culated from Eq. (4) by using measured 

Tmax which depends on NaCl level and constant Ea (aver-

aged values shown in Table 3). Figure 3 showed the rela但

tionship between the NaCllevel and the pre-exponential 

factor ca1culated by assuming that the activation energy 

is constant. The pre-exponential factor of each protein 

increased as the NaCllevel increases， among them actin 

was especially remarkable. The exponential curve fitting 

was executed and the folIowing empirical equations 
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Fig. 3 The relationship between the NaCI level and the pr・e-

exponential factor calculated by assuming that the activation 

energy is constant;・， myosin;企， sarcoplasmic proteins and 

collagen;訂， actin. m=39 (myosin)， 51 (sarcoplasmic proteins 

and collagen)註nd38 (actin)， respectively. 
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(Eqs.5， 6， 7) were obtained. 

Myosin; y =0.29 xl039lnx + 0.63xl039 (2豆x壬20) (5) 

Sarcoplasmic proteins and collagen; 

y = 0.13xl0511nx + 0.087xl051 (2三X話40) (6) 

Actin; y = 0.58xl0381nx + 0.059xl038 (2::;x::; 40) (7) 

where x is the NaCl concentration (mg/ g of sample)， and 

y is the pre-exponential factor， Z [min-1
]. 

The lines in Fig. 3 are the ca1culated results from Eqs. 

(5)， (6)， and (7). Those empirical equations showed 

almost agreement with the measU1官nentvalue of actin 

and sarcoplasmic proteins and collagen， though myosin 

was not enough. 

Because above Arrhenius parameters were obtained， 

the reaction rate constant k at an arbitrary temperature is 

available and the change in thermal denaturation of meat 

protein during thermal processing can be ca1culated. 

Based on the Eq. (2) and Eq. (3)， the change of the pro調

印indenaturation ratio in cured pork during heating was 

estimated. Figure 4 shows that the curve for thermal 

denaturation along with heat treatment. The rate con-

stant of cured meat containing 2.6，8.4， and 19.7 mg/g of 

NaCl was used， and heating at 15
0

C/min was assumed. 

Each curve corresponds to the denaturation processes of 
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Fig. 4 Changes in myosin (1)， sarcoplasmic proteins and 

collagen (II) and actin (ill) non-denaturation ratio and of 

cured samples during heat scanning at 150C/min. The rate 

constant of cured meat containing 2.6， 8.4， 19.7 mg/ g of 

I、laCIwas used. The non-denaturation ratio became 0.999 

was defined as the beginning of denaturation， and 0.001 

was defined as the conclusion of denaturation. When a time 

course of protein denaturation was differentiated with time， 

inflection point which corresponds to the peak temperature 

Tmax in DSC measurement could be obtained. 



myosin， sarcoplasmic proteins and collagen， and actin. 

We assumed that the temperature at which the non目

denaturation ratio became 0.999 was defined as the 

beginning of denaturation， and 0.001 was defined as the 

conc1usion of denaturation. When a time course of pro-

tein denaturation was differentiated with time， inflection 

point which corresponds to the peak temperature Tmax in 

DSC measurement could be obtained. Figure 4 shows 

c1early the T max shifted to the low temperature as increas-

ing the NaCI IeveI in cured pork sample. Especially， Tmax 

of the actin shifted to the low temperature remarkably. 

Ca1culated Tmax (corresponds to the inflection point in 

Fig. 5) could be verified by comparison with the actual 

DSC measur官 nentvalues of same NaCl1evels. The cal-

culated Tmax was shown in Fig. 5 together with the mea-

shino KAJIT，必H，Mika FUKUOKA. Noboru SAKAI 

sured one. The lines in Fig. 5 show the ca1culated T max 

values at variedトIaCIlevel， and the symbols represent 

actual measured values. Close agreement between c丘1cu-

lated and measured values was obtained. The appropriate 

behavior was obtained though the heating rate was 

changed (10， 15， 20
0

C/min). Moreover， the behavior of 

T max increased by heating rate increasing which was 

observed in DSC experiment was described using ca1cu-

lated results. 

24 

The relation between the NaCllevel and the rate con-

stants (k) of actin， sarcoplasmic proteins and collagen 

and myosin are shown in Fig. 6. The rate constant was 

ca1culated by Eq. (3) with kinetic parameters Ea and Z. 

Arbitrary temperatures used in the ca1culation of the rate 

constant are different among the three proteins. That is， 

actin， sarcoplasmic proteins and collagen， and myosin is 

70
0

C， 60
0

C， and 50
0

C， respectively. Those temperature 

conditions correspond to the optimum temperature zone 

near Tmax of each protein. As the level of NaCl in the 

meat increased， the thermal denaturation rate constant 

of each protein increased. Especially， the rate constant of 

actin increased remarkably， e.g. the rate constant at 70
0

C 

increased from 0.3 min-1 (2 mg!g of NaCl) to 1.75 min寸

(40 mg/g of NaCl). The 1説 econstant of myosin at 50
0

C 

increased along with the increase in concentration of 

NaCl， like actin behavior. However， when the NaCllevel 

exceeded 20 mg/g， a myosin peak could not be observed 

in a DSC thermogram because the myosin was dissolved 

in NaCl completely. 
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As a reason for this phenomenon， the endothermic 

peak (53~550C) of myosin derived from the idea that 

denaturation secondary structure of myosin tail or ter-

tiary structure of myosin [20-25J. And， by adding NaCl， 

a fibroid myosin is distributed to monomolecular. 

Therefore， the thermo-stabi1ity and the endothermic 

peak of myosin might be lost by structural change. In the 

case of meat solution， when heating 60~70oC ， the 

extracted myosin combined with actin to become acto愉

myosin reinforcing net1ike structure to stable and bond-

ing pieces of meat [26J. In the DSC measurement of 

F-actin and actomyosin unit， Tm田 ofF-actin is 70， 80
0
C 

but Tmax of actomyosin is 51.5， 60， and 73
0
C [3J.羽市en

increasing of the extracted myosin by NaCl to become 

actomyosin， the thermo-stabi1ity of actin might 

decreases. However， it should be verified whether behav-

ior at a molecular level and in the solution system men-

tioned above can be applied to the meat tissue. 

An increase in NaCl concentration resulting from the 

curing treatment caused not only the decrease in the 

denaturation temperature of actin but also the increase in 

the rate constant of denaturatioin. Myosin and actin are 

the main components that form the filaments of myofi-

brils， myofilaments. Hence， it is thought that thermal 

denaturation of actin becomes easier because the myosin 

dissolves， and the rate constant of denaturatioin 

increases remarkably. The lines in the Fig. 6 show the 

rate constant calculated using Eqs. (5)， (6) and σ)， which 

represents NaCl dependency of the pre-exponential fac-

tor (Z). They showed almost agreement with the actual 

Tm目。factin. Myosin peak disappeared when the NaCl 

level exceeded 20 mg/g. 

The influence of the NaCllevel on the kinetic constant 

of protein denaturation and temperature dependency was 

studied using the DSC dynamic method. As the level of 

NaCl in the meat increased， the heat-denaturation rate 

constant of each protein increased. Especially， the rate 

constant for actin increased remarkably， e.g. rate con-

stant at 70
0
C increased from 0.1 min-1 (2 mg/g of NaCl) 

to 1.75 min→(40 mg/g of NaCl) 

Using both the averaged activation energy of each pro-

tein (Myosin: 2.41 x 102 kJ/mol， Sarcoplasmic proteins 

and collagen: 3.26X 102 kJ/mol， Actin: 2.50X 102時/mol)

and the empirical equations that represent NaCl depen-

dency of pre-exponential factor in Arrhenius equation， 

denaturation rate constant at arbitrary temperature was 

able to be predicted. 

NOMENCLATURE 

T max : peak temperatures， oC 

To : onset temperatures， oC 

β:  heating rates， min-1 

C : the concentration of nondenatured protein 

Co : the concentration of nondenatured protein at initial 

value 

Z : pre-exponential factors of the Arrhenius equation， 

立l1n

Ea : activation energy， kJ ・mor1

R : the gas constant， J' K:1 ・mor1

measurement value of actin and sarcoplasmic proteins k : the reaction rate constant， min-1 

and collagen， though myosin was not enough. Especially 

it' s quite a good agreement in actin. Based on this study， 

by measuring the NaCl level， it is possible to calculate 
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塩漬された豚肉におけるタンパク質の熱変性速度論

梶谷志、乃¥福岡美香 1，1 酒井昇1

東京海洋大学海洋科学部食品生産科学科

DSC法を用いて，異なる NaCl濃度をもった肱肉筋

原繊維タンパク質の熱変性について解析した. ミオシ

ン，コラーゲン，アクチンに対応する 3つの吸熱ピー

クが塩漬の影響を受け，豚肉中の NaCl量増加に伴って，

アクチンの変性がより低温で生じた. さらに， NaCl濃

度が 20mg/gを超えると， ミオシンの吸熱ピークは消

失した.

DSCダイナミック法によって， 3つのタンパク繋の

加熱変性速度解析を行った. NaCl濃度が高くなるにし

たがって各タンパク質の変性速度は増加した.とくに，

アクチンの速度定数は著しく増加して， 70
0

Cにおける

速度定数は 0.1min-1 (NaCl 2 mg/g) から1.75min“1 

(受f.j-2010 if. 9月20B.受盟2010il'-12月10B) 

l宇108-8477 東京都港民港南←5-7

t Fax: 03-5463-0497， E-maiJ:釦kuoka@kaiyodai.ac.jp

(N aCl 40 mg/ g) に増加した.

また，この時 DSC測定から得られる塩分濃度の異な

る各タンパク質の活性化エネjレギーの平均値 (Myosin:

2.41 x 102 kJ / mol， Sarcoplasmic proteins and 

collagen: 3.26X102kJ/mol， Actin: 2.50X102kJ/moI) 

を用いることで，頻度国子を塩分濃度の指数関数とし

た経験式で表すことができた.これらアレニウスの式

における活性化エネルギーおよび頻度国子の現濃度依

存性より，損分濃度および昇温速度変化に応じた勝肉

タンパク質の加熱変性速度定数を得ることを可能とし

た.
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