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Background: Heating is the most common method of preparing meat(Kijowski et al., 1988). To prepare more acc6P̂  
cooked meat by efficient and economical process, the thermal properties of meat during cooking must be 
Baghe-Khandan et ai, 1981). Differential scanning calorimetry(DSC) is useful for studing the thermal properties °f 
proteins and it has used to investigate the dénaturation of meat proteins by many authors(Parsons et ai, 1986).

■ is ^Objectives: We have examined the characteristics on the thermal dénaturation of pork loin muscle(M. longissim 

in previous heating, holding time and heating rate.

Material and methods: Pork loin muscle was used as sample to be storage for 24 hours after slaughter. The ^  
pH range was obtained 5.5 to 5.6 after storage at 2±2U for 24 hours. To evaluate the thermal dénaturation of P°{^  
muscle, we determined the thermal curves using DSC(Perkin-Elmer, USA) with various condition as follows: pi* 

heating, holding time and heating rate.

à
Results and Discussion: Thermogram of pork loin muscle was obtained over a range of 45~85°C with thr®̂  # 
major peaks(Fig. 1). Thermal transition temperature(Tmaxi, Tmax2 and Tmax3) were 55.84°C, 65.56 C and 79 .38  C- ^  
corresponding to myosin, sacoplasmic protein and actin respectively. As previous heating temperature was raised- 
peaks were progressively disappeared and were lost completely at 80 C. A progressive reduction in the enthalpy ^ . 
as the holding time increased. Tmax3 was thermally stable because Tmax3 was less affected relatively than other P ^  
holding time and temperature(Table 1, Fig. 2). Especially, as the heating temperature and holding time increased ^  
50 and 70 °C, total enthalpy was decreased obviously, because pork loin muscle proteins were more

denatured (Fig. 3). çÀ
Peaks were progressively shifted to right side as heating rate increased(Fig. 4). T0(transition onset temperature)wa  ̂^

at 5°C/miniheating rate) and it was increased to 57.45°C at 40°C/min(p<0.05). Total enthalpy was 3.52J/g at ^  ^  
total enthalpy was increased to 3.60J/g, 4.14J/g, 4.54J/g and 4.61J/g by degrees at heating rate 10, 20, 30 and J  
respectively (Table 2). It showed that pork loin muscle heated in fast heating rate needed more energy than 

heated in slower heating rate to achieve equal protein dénaturation.
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Table 1. Temperatures of thermal transitions and dénaturation enthalpies of pork loin muscle heated in 
different previous heating temperatures, cooled and reheated to 108'C in DSC

End-i•■point Holding
•noeratureCC ) Time(min)

Temperature o f TransitionfTiu,. ,’C)

ImblI _ W
55.84 ± 0 .4 4  65 .56  ± 0 .0 8  79.38 ± 0 .1 2 * *

Heat Energy o f Transition(J/g)

AH/' A H3

1.38 ± 0 .1 5 *  1 .73 ± 0 .1 5 *  0 .8 5 ± 0 .0 1 *J 3 .9 6 ± 0 .0 3 ‘M"

1 min 55.93 ± 0 .7 5 65.76 ± 0 .6 7 79.26 ±0 .25 " 1.28 ± 0 .0 6 “ 1.69 ±0.11* 0.92 ±0 .05* 3.90 ±0 .03 *
40 5 min 56.68 ± 0 .2 8 66.25 ± 1 .0 8 79.38 ± 0 .1 3 “* 1.18 ± 0.06"* 1.67 ± 0 .0 4 “ 0.81 ± 0 .0 4 "r 3.66 ± 0 .0 9 "

10 min 56.72 ± 0 .3 2 65.53 ±0 .17 79.15±0.07" 1.06 ± 0 .1 5C 1.71 ±0 .05* 0.84 ± 0 .0 6 *** 3.61 ±0 .14 °

1 min - 66.11 ±0 .44 79.27 ± 0 .18 " 0.32 ± 0 .0 4 " 1.73 ±0 .02* 0.87 ± 0 .0 5 “ 2.93 ±0 .08 *
50 5 min - 65.98 ±0 .54 79.26 ± 0 .17 " 0.08 ±0.02* 1 .42±0.08” 0.88 ±0 .10** 2.38 ±0 .04 °

10 min - 66.30 ±0.41 79.53 ±0 .32 ** 0.05 ±0 .00* 1.35 ±0 .07* 0 .8 4 ± 0 .1 1 “ e 2.20 ±0 .04 *

1 min - - 79.31 ± 0 .0 9 “ - 0.45 ±0.03* 0.84 ± 0 .0 6 *** 1.29 ±0.06*
60 5 min - - 79.44 ± 0 .0 6 “" - 0.31 ± 0 .0 4 “ 0.81 ± 0 .0 2 "* 1.11 ±0 .02 *

10 min - - 79.49 ± 0 .4 1 “ - 0.23 ±0 .01 ° 0.75 ±0.00* 0.98 ± 0 .0 1 "

1 min - - 79.56 ± 0 .1 5 “ - - 0.50 ± 0 .0 1 “ 0.50 ±  0.01 '
70 5 min - - 79.79 ±0 .36* - - 0.15 ±0.02* 0 .1 5 ± 0 .0 2 ‘

10 min - - - - - - -
80

n.-'Vith
3> T h  n  S a m e  c o lu m n - m e a n s  w i t h  d i f f e r e n t  s u p e r s c r ip t s  a re  s ig n i f i c a n t l y  d i f f e r e n t ( P  < 0 .0 5 )  

h e rm a l t r a n s i t io n  t e m p e r a t u r e  4,* 7> H e a t  t r a n e i t in n  e n e m ie cM H e a t  t r a n s i t io n  e n e rg ie s .

Tabl,
* a n s  th re e  r e p l ic a te  d e t e r m in a t io n s  *  H e a t in g  r a te  *  1 0 * C /m in

2- Thermal properties of pork loin muscle heated at different rates
b a t in g
R ate

T e m p e r a tu r e  o f  T ra n s it io n (T M « « : o H e a t E n e rg y

£ i /m in ) T .n Tm. . , ” Tm. .2J’ T m. . !* ’ a  H. + A  Hz*' A  H j" ’
5 5 0 .3 9  ± 0 . 4 4 * 54 .71  ± 0 . 2 7 “ 6 2 .3 2  ±  0 .1 9 * 7 7 .8 3 ±  0 .2 4 * 2 .6 6  ± 0 . 0 5 * 0 .8 6  ± 0 .0 5 * 3 .5 2  ± 0 . 0 2 " ' " ’

1 0 5 2 .2 3  ± 0 . 9 8 " 5 6 .8 8  ± 0 . 6 3 " 6 6 .9 4  ± 0 . 5 8 " 7 9 .9 3  ± 0 . 0 4 " 2 .8 7  ± 0 .1  7 * * 0 .7 3  ± 0 .1 0 * 3 . 6 0 ±  0.1 7 “
20 5 4 .2 5 ± 0 .2 1 c 6 1 . 2 0 ±  1 .4 6 * 6 9 .2 4  ± 0 .4 5 * 83.1 8 ±  0 .2 5 * 3 .2 2  ± 0 . 3 4 " 0 .9 2  ± 0 .0 3 * 4.1 4 ± 0 . 3 5 * *
3 0 5 5 .8 4  ± 0 . 4 2 “ 6 4 .0 0  ± 0 .8 3 * ' - 8 6 .4 8  ±  1 .5 6 “ 3 .2 5  ± 0 . 1 7 “ 1 .2 9  ± 0 . 2 2 " 4 .54  ± 0 . 2 3 "

J O 5 7 .4 5  ± 0 . 9 2 " 6 8 .3 6  ±  1 .2 0 " - 8 7 .8 7  ± 0 . 9 8 “ 3 .1 9  ± 0 .3 8 ° 1 .42  ±  0 .2 3 ° 4.61 ± 0 . 6 1 "

v 'th in0 n ln  s a m e  c o lu m n ,  m e a n s  w i t h  d i f f e r e n t  s u p e r s c r ip t s  a re  s ig n i f i c a n t l y  d i f f e r e n t ( P  < 0 .0 5 )  
s,' 7> e * te m p e r a tu r e  o f  t r a n s i t io n  2> ** T h e r m a l t r a n s i t io n  te m p e r a tu r e

e a t t r a n s i t io n  e n e r g ie s .  8> M e a n s  o f  th re e  r e p l ic a te  d e te r m in a t io n s

Fig. 1. DSC therm ogram  for pork loin muscle.

• J H i, J H j  and /JH j mean enthalpies.

• T __1, Tmud and Tmuj mean thermal transition temperature.

• Heating rate = lOC/min.

Fig. 2. DSC thermogram for pork loin muscle heated different end 

point temperatures and different holding times.
* (a) Holding time : 1 min, (b) Holding time : 5 min,

(c) Holding time : 10 min (Heating Rate » 10°C/min).

Fig. 4. Changes in total thermal dénaturation 

enthalpies for pork loin muscle heated 

in different end-point temperatures and 

different holding times.
heating rate -  10#C/min.

Fig. J. DSC thermogram of pork loin muscle 

heated at different heating rates.

* Heating rates * 5, 10, 20,30 and 40*C/min.

Heating Rate ( °C/min )

Fig. 5. Effect of heating rate on transition 

onset tempcrature(T„) of pork loin 

muscle. Values shown arc mean 

of three separate assays.

Heating Rate (°C/min)

Fig. 6. Effect of heating rate on the rate of 

increasing in total enthalpy. Values 

shewn are mean of three separate 

assays.
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