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Abstract 

Objective: To study the change of cyanide level in postmortem blood under storage condition at 

4°C and room temperature at the prospective time. 

Materials and Methods: Cyanide was added into 31 postmortem blood samples. Cyanide 

concentration in spiked sample was 2 ug/ml. Each sample was devided into two groups and then 

separately stored at room temperature and 4oC. Measurement of cyanide level was analyzed by 

microdiffusion/pyridine method at day 0, 1, 2, 3, 4, 7, 14 and 21. 

Results: No statistic change of cyanide concentration in whole blood stored at 4°C during 1 day. In 

room temperature group (330C-350C) the cyanide concentration was decreased significantly 

overtime. 

Conclusion: Blood cyanide concentration was stable for 1 day in 4oC group but it rapidly decreased 

since the first day in room temperature group. 
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���́�¥n° 

ª́��»�¦³­��r: Á¡ºÉ°«¹�¬µ�µ¦Á�¨̧É¥�Â�¨�¦³��́�ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È��̧É°»�®£¼¤· 4°C Â¨³
°»�®£¼¤·®o°�Ä�Â�n̈ ³�nª�Áª¨µ 

ª́­�»Â¨³ª·�̧�µ¦«¹�¬µ: «¹�¬µÃ�¥�µ¦Á�·¤­µ¦Å�¥µÅ��r¨�Ä�Á º̈°��Îµ�ª� 31 �ª́°¥nµ��µ�«¡Ä®o ¤̧�ªµ¤
Á�o¤�o��°�Å�¥µÅ��rÁ�nµ��́ 2 ug/ml Â öªÂ�n�Á�È�¦́�¬µ�̧É°»�®£¼¤·®o°�Â¨³°»�®£¼¤· 4oC �Îµ�µ¦ª·Á�¦µ³®r Ã�¥
Ä�o  microdiffusion/ pyridine method ®µ¦³��́�ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°�Ä�ª�́�̧É 0, 1, 2, 3, 4, 7, 14 

Â¨³ 21 ª�́�µ¤ Î̈µ��́ 

�¨�µ¦«¹�¬µ: �nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤· 40C Á�È �Áª¨µ 1 ª�́�nµ�̧É�¦ª�Å�o�³
Å¤n¤̧�ªµ¤Â���nµ��µ�­�·�·�µ��nµÁ¦·É¤�o�Â�n�oµÁª¨µ�nµ�Å�¤µ��ªnµ 1 ª�́�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧É�¦ª�Å�o
�³¨�¨�°¥nµ�¤̧�´¥�µ�­�·�·Á¤ºÉ°Á�̧¥��´��nµÁ¦·É¤�o� ­Îµ®¦́��nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á¨º°��̧ÉÁ�È�¦́�¬µ�̧É
°»�®£¼¤·®o°��»��nª�Áª¨µ�µ¦�¦ª�¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́�µ�­�·�·Á¤ºÉ°Á�̧¥���́�nµ�´ Ê��o�  

­¦»�: �ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��µ�«¡�³¨�¨�£µ¥®¨�́ 1 ª�́ Á¤ºÉ°Á�È�¦́�¬µ�̧É°»�®£¼¤· 4oC Â�n¨�¨�
°¥nµ�¦ª�Á¦Èª�´ Ê�Â�nª�́Â¦�Á¤ºÉ°Á�È�¦́�¬µ�̧É°»�®£¼¤·®o°� 
�Îµ­Îµ�́�: ¦³��́�ªµ¤Á�o¤�o��°�­µ¦Å�¥µÅ��rÄ�Á º̈°�£µ¥®¨�́�µ¥, ­µ¦Å�¥µÅ��r  
 

���Îµ 
­µ¦Å�¥µÅ��rÁ�È �­µ¦¡·¬�̧É¤̧¦³�´��ªµ¤Á�È �¡·¬­¼��̧É­»�1(Supertoxic) �¹É��¦·¤µ��̧ÉÅ�o ¦́�Ã�¥�µ¦

¦́��¦³�µ��o°¥�ªnµ 5 ¤·¨¨·�¦́¤/�·Ã¨�¦́¤Ã�¥�̧É�¦·¤µ�­µ¦Å�¥µÅ��rÄ�Á º̈°�Á¡̧¥� 2.5 Å¤Ã�¦�¦́¤/¤·¨¨·¨·�¦ �³
�ÎµÄ®oÁ­̧¥�̧ª·�2 

�µ¦�¦ª��´�­¼�¦«¡�̧ÉÁ­̧¥�̧ª·��oª¥Á®�»�µ¥�·��¦¦¤�µ�· ¤�́�³�o°�ª·�·��´¥Â¥�­µÁ®�»�µ¦�µ¥�µ�
­µ¦¡·¬�oª¥Á­¤° Ã�¥Á�¡µ³­µ¦Å�¥µÅ��r Ä��µ¦®µ­µ¦Å�¥µÅ��rÄ�Á º̈°�Á¡ºÉ°¥º�¥�́ªnµÁ�È �­µÁ®�»�µ¦Á­̧¥�̧ª·� 

�ÎµÁ�È ��o°�°µ«¥́�µ¦�¦ª��µ�®o°���·��́·�µ¦Á�nµ�´ Ê� 

�µ¦Â�¨�¨�¦ª�ª·Á�¦µ³®r­µ¦Å�¥µÅ��r�´ Ê�¤̧�ªµ¤­Îµ��́°¥nµ�¥·É� Á�ºÉ°��µ�­µ¦Å�¥µÅ��r¤̧�»�Á�º°��ÎÉµ
(25.7oC) �ÎµÄ®o�¦·¤µ��̧É�¦ª�¡�Ä�­·É�­n��¦ª��̧ÉÁ�È ��nµ�°��¦·¤µ�­µ¦Ä��nª�Áª¨µ�̧É�Îµ�µ¦�¦ª� °µ��³
Å¤nÄ�n�nµ�°��¦·¤µ�Ä���³�̧É�¦ª�«¡ Á¡¦µ³¦³��́Å�¥µÅ��r°µ�Á�¨̧É¥�Â�¨�£µ¥®¨�́�̧É�Îµ­·É�­n��¦ª�¤µÁ�È�
¦́�¬µÅªoÁ¡ºÉ°¦°Áª¨µ�¦ª�   

Ä��µ���·��́·Â öª ®µ�¤̧�µ¦�¦ª�«¡Ä�ª�́«»�¦r Á­µ¦r °µ�·�¥r ®¦º°Ä��nª�ª�́®¥»��°�Áª¨µ¦µ��µ¦�̧É
®¥»��n°Á�ºÉ°��´�ª�́Á­µ¦r  °µ�·�¥r Á¤ºÉ°Å�o�Îµ�µ¦Á�È�Á º̈°�Â öª�³�o°�Á�È�Á º̈°�Åªo Á�È �Áª¨µ®¨µ¥ª�́�n°��̧É�³
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�Îµ¤µ�¦ª�Ä�ª´��Îµ�µ¦���· �¹É�°µ��ÎµÄ®o�nµ�ªµ¤Á�o¤�o��°�­µ¦Å�¥µÅ��r¤̧�µ¦Á�¨¸É¥�Â�¨�Å�Å�o��́�´ Ê�
�µ¦«¹�¬µÁ¦ºÉ°��µ¦Á�¨̧É¥�Â�¨��°�¦³��́Å�¥µÅ��rÄ�Á º̈°��µ�«¡Á¤ºÉ°Á�È�¦́�¬µÁ º̈°��̧É°»�®£¼¤· 4oCÂ¨³
°»�®£¼¤·Âª� ö°¤�°��¦³Á�«Å�¥�³Á�È ��o °¤¼¨¡º Ê��µ�­Îµ®¦́�Â¡�¥r�·�·Áª�Å�¥ Ä��µ¦Â�¨�¨�µ��·�·
¡·¬ª·�¥µ Á¡ºÉ°Ä�oÄ��µ¦¡·­¼��r®µ­µÁ®�»�µ¦�µ¥Ä®oÂ¤n�¥ÎµÂ¨³�nµÁ�ºÉ°�º°¤µ��¹ Ê� 

ª´­�»Â¨³ª·�̧�µ¦«¹�¬µ 
�µ¦«¹�¬µ�̧ ÊÅ�o�Îµ�µ¦¦ª�¦ª¤Á º̈°��µ�«¡�Îµ�ª� 31 ¦µ¥�̧ÉÁ�oµ¤µ�nµ��́­¼�¦  �̧É£µ�ª·�µ�·�·Áª�«µ­�¦r 

��³Â¡�¥«µ­�¦r«·¦·¦µ�¡¥µ�µ¨ ¤®µª·�¥µ¨¥́¤®·�¨ Ä��nª�Á�º°��¦��µ�¤�¹�Á�º°���́ªµ�¤ ¡.«. 2552 

Ã�¥Á���r��́Á º̈°�°°��µ��µ¦«¹�¬µ¤̧��́�̧ Ê 
1. «¡�̧ÉÅ�o ¦́��µ�Á�È�¦»�Â¦���Å¤n­µ¤µ¦�Á�È�Á º̈°�­n��¦ª�Å�o 
2. «¡�̧É­�́�·¬�µ�ªnµ°µ�Á­̧¥�̧ª·��µ�­µ¦Å�¥µÅ��r 
3. «¡�̧É¤̧�µ¦Á�nµ­¨µ¥£µ¥®¨�́�µ¥ 

4. «¡�̧ÉÁ­̧¥�̧ª·�Á�·� 24 �´ÉªÃ¤��n°��Îµ�µ¦�nµ«¡��́­¼�¦ 
Á º̈°��µ�«¡�³�Îµ�µ¦Á�È��µ�®ª́Ä�Ã�¥ 

- �Îµ­µ¦Ã�Â�­Á�̧¥¤Å�¥µÅ��r (20Å¤Ã�¦�¦́¤/¤·¨¨·¨·�¦) �¦·¤µ� 5 ¤·¨¨·¨·�¦   Ä­nÄ�Á º̈°� �¦·¤µ�     

50 ¨�.�¤.�­¤Ä®o Á�oµ��́   ®¨�́�µ��´ Ê�Â¥�Á º̈°�Ä­n  clot blood tube �Îµ�ª� 15®¨°�   ®¨°�¨³    

3 ¤·¨¨·̈ ·�¦ Â öª�Îµ�µ¦��¹��oª¥Â�n�¡µ¦µ¢· � 

- Â�n�®¨°���¨°� 14 ®¨°�Á�È � 2 �¨»n¤Â¥�Á�È�Åªo�̧É°»�®£¼¤· 4o C Â¨³°»�®£¼¤·®o°�  
- �ÎµÁ º̈°��µ�®¨°���¨°��̧ÉÁ�È�¦́�¬µÅªo¤µ�¦ª�®µ­µ¦Å�¥µÅ��rÃ�¥�³�ÎµÁ º̈°�Å��¦ª��̧ÉÁª¨µ 0, 1, 

2, 3, 5, 7, 14 Â¨³ 21 ª�́ 

- ­Îµ®¦́�Ä��nª�Áª¨µ 0 ®¤µ¥�¹�®¨�́�µ�Á�È�Á º̈°��µ�«¡¤µ�³�ÎµÅ��¦ª�®µ�ªµ¤Á�o¤�o��°�­µ¦
Å�¥µÅ��r��́�̧ 

­Îµ®¦́��µ¦�¦ª�®µ­µ¦Å�¥µÅ��r�´ Ê�Ä�oª·�̧ microdiffusion/ pyridine method ��́�̧ Ê 
1. �ÎµÁ º̈°��̧É�Îµ�µ¦�­¤­µ¦Å�¥µÅ��rÂ öª�¦·¤µ�   2   ¤·¨¨·¨·�¦Ä­nÄ�    Conway   �n°��oµ��°�  Ä�o  
0.1 M NaOH �¦·¤µ� 3.3 ¤·¨¨·¨·�¦Ä­nÄ��n°��oµ�Ä��°� Conway  �µ��´ Ê�Ä­nH2SO4  �¦·¤µ�­µ¤
®¥�¨�Ä�Á º̈°��̧É°¥¼nÄ��n°� Conway �oµ��°� Â öª�Îµ�µ¦�· � µ Conway ÅªoÁ�È �Áª¨µ­µ¤�´ÉªÃ¤� 
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2. �Îµ�µ¦�¼�­µ¦ NaOH �̧É¤̧­µ¦Å�¥µÅ��r�µ� Conway �n°��oµ�Ä��¦·¤µ� 1 ¤·¨¨·¨·�¦ �ÎµÅ��­¤��́
­µ¦ Chloramine T �¦·¤µ� 1 ¤·¨¨·¨·�¦ Â¨³­µ¦ pyridine barbiturate �¦·¤µ� 1 ¤·¨¨·¨·�¦ �µ��´ Ê�
�­¤Ä®oÁ�oµ��́Â öª�´ Ê��· Ê�Åªo 10 �µ�̧  

3. �µ��´ Ê��Îµ­µ¦�̧ÉÅ�oÅ��¦ª�ª�́®µ�ªµ¤Á�o¤�o��°�­µ¦Å�¥µÅ��rÃ�¥Ä�o  spectrophotometer Â¨³
��́�¹��nµ Absorbance �̧É�ªµ¤¥µª� º̈É� 580 nm 

ª·Á�¦µ³®rÂ¨³�¦³¤ª¨�¨�µ�­�·�·�oª¥Ã�¦Â�¦¤ SPSS version 13.0 �¦¦¥µ¥¡¦¦��µ�o°¤¼̈ Á�·�
�¦·¤µ��oª¥�nµÁ�¨¸É¥Â¨³�nµÁ�̧É¥�Á��¤µ�¦�µ� ­�·�·�̧ÉÄ�oÄ��µ¦ª·Á�¦µ³®r�»��o°¤¼̈ ªnµ¤̧�ªµ¤­¤́¡�́�rÂ¨³�ªµ¤
Â���nµ���́®¦º°Å¤n °µ«¥́ª·�̧  Paired-Sample T Test, Repeated Measurement, Spearman correlation 

and Regression analysis Ã�¥�º°�nµ�¥́­Îµ��́�µ�­�·�·�̧É¦³��́ 0.05 

�¨�µ¦«¹�¬µ 
�µ¦Á�¨̧É¥�Â�¨��°��nµ�ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo �̧É°»�®£¼¤·®o °�Ä�Â�n¨³

�nª�Áª¨µ�¼�Â­��ÅªoÄ��¦µ¢�̧É 1 �¹É��nµÁ�¨¸É¥�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Â�n̈ ³�nª�Áª¨µ¤̧Â�ªÃ�o¤¨�¨�Á¤ºÉ°Áª¨µ
Á¡·É¤¤µ��¹ Ê�Ã�¥Á¤ºÉ°Áª¨µ�nµ�Å� 1 ª�́ �nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�¦ª�Å�o�³¨��o°¥¨�Å� 36 % �¹É�¤̧¦µ¥¨³Á°̧¥�
��́�̧ Ê �nµÁ�¨̧É¥Á¦·É¤�o��°��ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°�Á�nµ��́ 2.2145±0.7003 ug/ml �nµÁ�¨̧É¥�°��ªµ¤
Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤·®o°� (33oC-35oC) Ä�ª�́�̧É 1,2,3,4,7,14 Â¨³ 21 Á�nµ��́ 

1.4142±0.5698 ug/ml, 1.0367±0.5315 ug/ml, 0.7994±0.4112 ug/ml, 0.8506±0.5032 ug/ml, 

0.4931±0.3072 ug/ml, 0.3653±0.2386 ug/ml Â¨³ 0.3602±0.2285 ug/ml �µ¤ Î̈µ��́  Á¤ºÉ°ª·Á�¦µ³®r�µ�
­�·�·�oª¥ Repeated Measurement ANOVA ¡�ªnµ�nµÁ�¨¸É¥�°��ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µ
Åªo�̧É°»�®£¼¤·®o°�Ä�Â�n̈ ³�nª�Áª¨µ¤̧�ªµ¤Â���nµ���́�nª�Áª¨µÁ¦·É¤�o�°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�· ( p < 0.01 ) 

�µ��µ¦ª·Á�¦µ³®r®µ�ªµ¤­¤́¡�́�r¦³®ªnµ�Áª¨µ�´��ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧É°»�®£¼¤·®o°��oª¥ª·�̧�°� 
spearman ¡�ªnµ¦³��́�ªµ¤­´¤¡´��r¦³®ªnµ�Áª¨µ�´��nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É
°»�®£¼¤·®o°�°¥¼nÄ�¦³��́�µ��¨µ��¹�¤µ�(Correlation Coefficient = -0.738)  

�µ¦Á�¨¸É¥�Â�¨��°��nµ�ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo �̧É°»�®£¼¤· 40C Ä�Â�n¨³
�nª�Áª¨µ�¼�Â­��ÅªoÄ��¦µ¢�̧É 2 �¹É��nµÁ�¨¸É¥�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Â�n̈ ³�nª�Áª¨µ¤̧Â�ªÃ�o¤¨�¨�Á¤ºÉ°Áª¨µ
Á¡·É¤¤µ��¹ Ê�Ã�¥�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤· 4oC ¤̧�µ¦¨�¨�Ã�¥¤̧�¥́­Îµ��́�µ�
­�·�·( p < 0.01 )�´ Ê�Â�nª�́�̧É 2 ¤̧¦µ¥¨³Á°̧¥���́�̧ Ê �nµÁ�¨¸É¥�°��ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo
�̧É°»�®£¼¤· 4oC Ä�ª�́�̧É 1,2,3,4,7,14 Â¨³ 21 Á�nµ��́ 2.0820±0.5963 ug/ml, 1.8128±0.6069 ug/ml, 

1.6353±0.5169 ug/ml, 1.7052±0.6843 ug/ml, 1.5160±0.5197 ug/ml, 1.1324 ±0.4502 ug/ml Â¨³ 
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1.1565±0.6490  ug/ml �µ¤ Î̈µ��́  Â¨³�µ��µ¦®µ�ªµ¤­¤́¡�́�r¦³®ªnµ�Áª¨µ��́�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�
Á º̈°��̧É°»�®£¼¤· 4oC �oª¥ª·�̧�°� spearman ¡�ªnµ¦³��́�ªµ¤­¤́¡�́�r¦³®ªnµ�Áª¨µ�´��nµ�ªµ¤Á�o¤�o�
Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤· 4oC°¥¼nÄ�¦³��́�µ��¨µ��¹�¤µ�(Correlation Coefficient = -0.507)  

�µ��¦µ¢Â­���µ¦Á�¦̧¥�Á�̧¥��°��µ¦Á�¨̧É¥�Â�¨��nµÁ�¨¸É¥�°��ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�
¦́�¬µÅªo �̧É°»�®£¼¤·®o°�Â¨³°»�®£¼¤· 4oC Ä�Â�n¨³�nª�Áª¨µ¡�ªnµ�´ Ê�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤·®o°�Â¨³�̧É
°»�®£¼¤· 4oC ¤̧Â�ªÃ�o¤¨�¨��´ Ê�­°��¨»n¤Ã�¥�̧ÉÁ º̈°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤· 4oC ¨�¨��o°¥�ªnµÁ º̈°��̧ÉÁ�È�
¦́�¬µ�̧É°»�®£¼¤·®o°� Á¤ºÉ°ª·Á�¦µ³®r�µ�­�·�·�oª¥ Paired-Sample T Test Á�¦̧¥�Á�̧¥��ªµ¤Â���nµ�¦³®ªnµ�
�nµÁ�¨¸É¥�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µÅªo �̧É°»�®£¼¤·®o°�Â¨³°»�®£¼¤· 4oC ¡�ªnµ¤̧�ªµ¤Â���nµ�
°¥nµ�¤̧�¥́�µ�­�·�·�»��nª�Áª¨µ( p < 0.01 ) 

Á¤ºÉ°ª·Á�¦µ³®r�¨�µ¦«¹�¬µ�oª¥ Regression Analysis ¡�ªnµ¦¼�Â��­¤�µ¦�ªµ¤­¤́¡�́�r¦³®ªnµ�Áª¨µ
�̧ÉÁ¡·É¤�¹ Ê���́�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤·®o°�¤̧�ªµ¤­¤́¡�́�r�´�Ä�¦¼�Â��­¤�µ¦ 
Cubic Ã�¥¤̧�nµ R Square  = 0.5822 �̧É�¤̧­¤�µ¦�µ¦�¦³¤µ��nµ�ªµ¤Á�o¤�o��̧ÉÁª¨µ®�¹É�Á�nµ��́ 1.9819-

0.4540T+0.0379T2-0.0009T3 Â¨³¦¼�Â��­¤�µ¦�ªµ¤­¤́¡�́�r¦³®ªnµ�Áª¨µ�̧ÉÁ¡·É¤�¹ Ê��´��nµ�ªµ¤Á�o¤�o�
Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤· 4oC¤̧�ªµ¤­¤́¡�́�r��́Â��­¤�µ¦ Cubic Á�n���́Ã�¥¤̧�nµ R Square  

= 0.2679 ­Îµ®¦́�­¤�µ¦�µ¦�¦³¤µ��nµ�ªµ¤Á�o¤�o��̧ÉÁª¨µ®�¹É��°�Á¨º°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤· 4oCÁ�nµ��́ 

2.1758-0.1595T+0.0083T2-0.00014T3 
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�¦µ¢�̧É 1 �¦µ¢Â­���µ¦Á�¨¸É¥�Â�¨��°��nµ�ªµ¤Á�o¤�o��°�Å�¥µÅ��r(Mean±SD)Ä�Á¨º°��Îµ�ª� 31 �ª́°¥nµ� 

�̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤·®o°�Ä�Â�n̈ ³�nª�Áª¨µ * = p < 0.01 Á¤ºÉ°Á�¦̧¥�Á�̧¥���́�nµÁ�¨¸É¥�ªµ¤Á�o¤�o�Å�¥µÅ��rÁ¦·É¤�o� 
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�¦µ¢�̧É 2 �¦µ¢Â­���µ¦Á�¨̧É¥�Â�¨��°��nµ�ªµ¤Á�o¤�o��°�Å�¥µÅ��r(Mean±SD)Ä�Á¨º°��Îµ�ª� 31 �ª́°¥nµ� 

�̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤· 4oCÄ�Â�n̈ ³�nª�Áª¨µ * = p < 0.01 Á¤ºÉ°Á�¦̧¥�Á�̧¥���́�nµÁ�¨¸É¥�ªµ¤Á�o¤�o�Å�¥µÅ��rÁ¦·É¤�o� 
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�¦µ¢�̧É 3 �¦µ¢Â­���µ¦Á�¦̧¥�Á�̧¥��°��µ¦Á�¨¸É¥�Â�¨��nµÁ�¨̧É¥�°��ªµ¤Á�o¤�o�Å�¥µÅ��r ( Mean ± SD ) Ä�Á¨º°��Îµ�ª� 31 �ª́°¥nµ� 

�̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤·®o°�Â¨³°»�®£¼¤· 4oC Ä�Â�n̈ ³�nª�Áª¨µ (RC=Room temperature FC=4oC , # =  p < 0.01 Á¤ºÉ°Á�¦̧¥�Á�̧¥���́�nµ�ªµ¤
Á�o¤�o��̧É°»�®£¼¤·®o°�) 

 

°£·�¦µ¥�¨�µ¦«¹�¬µ 
�µ��µ¦«¹�¬µÄ�°�̧�Á�̧É¥ª��́�µ¦Á�¨̧É¥�Â�¨��°�Å�¥µÅ��r£µ¥®¨�́�µ¥Ä�­�́ªr��¨°�¡�ªnµ¤̧�µ¦

¨�¨��°�­µ¦Å�¥µÅ��rÄ�­·É�­n��¦ª��µ�­�́ªr��¨°��̧ÉÁ�È�¦́�¬µÅªo�̧É°»�®£¼¤· 10o-15o C 3 Â¨³�µ��µ¦«¹�¬µ



ªµ¦­µ¦­¤µ�¤Â¡�¥r�·�·Áª�Â®n��¦³Á�«Å�¥  �̧�̧É 4 ���́�̧É 1  ¤�¦µ�¤ - ¤·�»�µ¥� 2553   49 
�

�µ¦¨�¨��°�Å�¥µÅ��rÄ�Á º̈°��°��� �̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤· 4o C Â¨³ 23o C �È¡�ªnµ¤̧�µ¦¨�¨��°�­µ¦
Å�¥µÅ��rÁ�n���́ 4, 5,7 

�µ¦«¹�¬µ�oµ��o��ÎµÄ®o Á¦µ�¦µ�ªnµÄ��¦�̧�̧É­�­¥́Á®�»�µ¦Á­̧¥�̧ª·��µ�­µ¦Å�¥µÅ��r�ª¦�³�¦ª�­·É�­n�
�¦ª�Ä®o Á¦Èª�̧É­»� Â�nÄ��µ¦��¨°��oµ��o�Å�o�Îµ�µ¦��¨°��̧É°»�®£¼¤· 4o C, 10o-15o C Â¨³ 23o C �°��µ��̧ Ê
�¦³�µ�¦�̧ÉÄ�o«¹�¬µÁ�È �­�́ªr®¦º°Á º̈°��¹É�°¥¼nÄ�­£µ¡Âª� ö°¤�̧É�nµ��µ��¦³Á�«Å�¥Â¨³¥�́Å¤nÁ�¥¤̧�µ�ª·�¥́�· Ê�
Ä��̧É�ÎµÄ��¦³Á�«Å�¥®¦º°­£µª³Âª� ö°¤�̧ÉÄ� ö Á�̧¥���́�¦³Á�«Å�¥ �¹�°µ��³Á�È ��µ¦¥µ��̧É�³�Îµ�ªµ¤¦¼o ¤µ
�¦́�Ä�o��́�¦³�µ�¦Ä��¦³Á�«Å�¥��́�´ Ê�Á¡ºÉ°�¦³Ã¥��rÄ��µ¦Â�¨�¨�o°¤¼̈ �¹�Å�o«¹�¬µ�µ¦Á�¨̧É¥�Â�¨�¦³��́
�ªµ¤Á�o¤�o��°�Å�¥µÅ��rÄ�Á º̈°�«¡�̧É°»�®£¼¤·°»�®£¼¤·®o°�Â¨³°»�®£¼¤· 4o C 

�µ��µ¦«¹�¬µ�̧ Ê¡�ªnµ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤·®o°��»��nª�Áª¨µ¤̧�nµ
�ªµ¤Á�o¤�o�Å�¥µÅ��rÂ���nµ��´��nµÁ¦·É¤�o�°¥nµ�¤̧�´¥�µ�­�·�·Ã�¥Â�ªÃ�o¤�µ¦Á�¨̧É¥�Â�¨�Á�È �Å�Ä��µ�
¨�¨�Ã�¥Á¤ºÉ°Áª¨µ�nµ�Å� 1 ª�́ �nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�¦ª�Å�o�³¨��o°¥¨�Å� 36 % ­Îµ®¦́�Á º̈°��̧ÉÁ�È�
¦́�¬µÅªo�̧É°»�®£¼¤· 4oC Á�È �Áª¨µ 1 ª�́�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧É�¦ª�Å�o�³Å¤n¤̧�ªµ¤Â���nµ��µ�­�·�·�µ��nµ
�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°�Á¦·É¤�o�Â�n®¨�́�µ��´ Ê��nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�³¤̧�µ¦¨�¨�°¥nµ��n°Á�ºÉ°�Â¨³
¤̧�¥́�µ�­�·�·Á¤ºÉ°Á�̧¥���́�nµÁ¦·É¤�o�Ã�¥Â�ªÃ�o¤�µ¦Á�¨̧É¥�Â�¨��ÈÁ�È ��µ¦¨�¨�Á�n�Á�̧¥ª��́�̧É°»�®£¼¤·®o°�Â�n
�³¤̧°�́¦µ�µ¦¨��̧É�o°¥�ªnµ�̧É°»�®£¼¤·®o°��¹É�Á�¥¤̧�µ¦«¹�¬µÄ�°�̧��°� Per Lundquist Â¨³Pettigrew AR �̧É
Å�o�Îµ�µ¦«¹�¬µÃ�¥�µ¦Á�·¤­µ¦Å�¥µÅ��rÁ�oµÅ�Ä�Á º̈°�Â öªÁ�È�¦́�¬µ�̧É°»�®£¼¤·�nµ�Ç�µ��´ Ê��¦ª��nµ�ªµ¤
Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°�Ä�Â�n̈ ³�nª�Áª¨µÃ�¥ Pettigrew AR ¡�ªnµ­µ¦Å�¥µÅ��r�̧ÉÄ­nÅ�Ä�Á º̈°��̧ÉÁ�È�¦́�¬µ�̧É
°»�®£¼¤· 4oCÂ¨³-20oC ¤̧�ªµ¤���ª́Á�È �Áª¨µ®¨µ¥ª�́6 ­Îµ®¦́� Per Lundquist ¡�ªnµ­µ¦Å�¥µÅ��rÄ�Á º̈°��̧É
Á�È�¦́�¬µ�̧É°»�®£¼¤· -20oC �³¤̧�ªµ¤���ª́Á�È �Áª¨µ®¨µ¥ª�́­nª��̧É°»�®£¼¤· 4oC�³¤̧�µ¦���ª́Á�È �Áª¨µÅ¤n�̧É
ª�́®¨�́�µ��´ Ê��È�³�n°¥Ç¨�¨� ­Îµ®¦́��̧É°»�®£¼¤·®o°��³¤̧�µ¦¨�¨�Ã�¥¨�¨�°�́¦µ�̧É¤µ��ªnµ�̧É°»�®£¼¤·4oC4 

Â¨³�µ��µ¦«¹�¬µ�°� Moriya F �̧É�Îµ�µ¦��¨°�Ã�¥�ÎµÁ º̈°��°����̧ÉÁ­̧¥�̧ª·��µ�Á¡¨·�Å®¤o�̧É�¦ª�¡�­µ¦
Å�¥µÅ��rÄ�Á º̈°�¤µÄ­n®¨°�Â�oªÃ�¥Å¤nÅ�o�· � µÂ öªÁ�È�Åªo �̧É°»�®£¼¤· 4oC Â¨³20oC-25oC ¡�ªnµ�nµ�ªµ¤
Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��̧ÉÁ�È�Åªo �̧É4oCÅ¤n¤̧�µ¦Á�¨̧É¥�Â�¨�Á�È �Áª¨µ 3 ª�́ Â¨³�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧ÉÁ�È�
Åªo�̧É 20oC-25oC ¨�¨� 30% �µ��nµ�´ Ê��o�Á¤ºÉ°Áª¨µ�nµ�Å� 1 ª�́ 7  

Á¤ºÉ°¤µ¡·�µ¦�µ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧É°»�®£¼¤· 4oC�³Á®È�Å�oªnµ�¨�µ��µ¦«¹�¬µ�̧ Ê�´��¨�µ�
�µ¦«¹�¬µ�°� Per Lundquist Â¨³ Moriya F �³¤̧�ªµ¤Á®¤º°���́�¦��̧Éªnµ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧É�¦ª�Å�o
�³¤̧�ªµ¤���ª́°¥¼n�nª�Áª¨µ®�¹É�®¨�́�µ��´ Ê��¹�¨�¨�Ã�¥�Îµ�ª�ª�́�̧É�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r���ª́°¥¼n�º° 1 
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ª�́�µ��µ¦��¨°��̧ Ê 3 ª�́�µ��µ¦��¨°��°� Moriya F Â¨³®¨µ¥ª�́�µ��µ¦��¨°��°� Per Lundquist �¹É�
�o°­�́�·¬�µ�®�¹É��̧É�ÎµÄ®o�¨�µ¦��¨°�°°�¤µÁ�È �Á�n��̧ Ê°µ��³Á�ºÉ°�¤µ�µ�Ä��µ���·��́·Â¤oªnµ�³�Îµ�µ¦Á�È�
¦́�¬µÁ º̈°��̧É�³�Îµ�µ¦�¦ª�Åªo �̧É°»�®£¼¤·  4oC �È�µ¤Â�nÄ���³�̧É�Îµ�µ¦�¦ª�®µ­µ¦Å�¥µÅ��rÄ�
®o°���·��́·�µ¦�o°��ÎµÁ º̈°��̧ÉÁ�È�Åªo¤µ�¦ª��̧É°»�®£¼¤·®o°��¹É�°»�®£¼¤·®o°�Ä��nª�Áª¨µ�̧É�Îµ�µ¦«¹�¬µ�̧ Ê°¥¼n
Ä��nª� 33oC-35oC �¹É�¤µ��ªnµ�»�Á�º°��°�­µ¦Å±Ã�¦Á��Å�¥µÅ��r�̧É¤̧�»�Á�º°��̧É°»�®£¼¤· 25.7oC �ÎµÄ®o ¤̧�µ¦
¨�¨��°��nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÁ¦Èª�ªnµ�µ¦��¨°�°ºÉ�ÇÄ�°�̧� ­Îµ®¦́��µ¦«¹�¬µ�°� Pettigrew AR �̧É
¡�ªnµ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧ÉÁ�È��̧É°»�®£¼¤· 4oC ¤̧�ªµ¤���ª́�´ Ê��È°µ��³Á�È �Å�Å�oªnµ�nª�Áª¨µ 7 ª�́�̧É
�Îµ�µ¦«¹�¬µ�´ Ê�°µ��³­´ Ê�Å�Á¨¥¥�́Å¤nÁ®È��µ¦Á�¨̧É¥�Â�¨�  Á¤ºÉ°¡·�µ¦�µ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á¨º°��̧É
Á�È�¦́�¬µÅªo�̧É°»�®£¼¤·®o°�Ä��µ¦«¹�¬µ�̧ Ê¡�ªnµÁ¤ºÉ°Áª¨µ�nµ�Å� 1ª�́�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�³¨�Å� 36 % 

�¹É��¨�µ¦«¹�¬µ�̧ÉÅ�o�¨Ä� öÁ�̧¥���́�µ¦«¹�¬µ�°� Moriya F �̧É�¨�°��µ¦«¹�¬µÁ º̈°��̧ÉÁ�È�Åªo �̧É°»�®£¼¤·20oC-

25oC Á¤ºÉ°Áª¨µ�nµ�Å� 1ª�́�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�³¨�Å� 30 %7  

Á¤ºÉ°Á�¦̧¥�Á�̧¥��nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r¦³®ªnµ��¨»n¤�̧ÉÁ�È�¦́�¬µ�̧É°»�®£¼¤·®o°�Â¨³°»�®£¼¤· 4oC Ä�
Â�n̈ ³�nª�Áª¨µ¡�ªnµ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧É°»�®£¼¤· 4oC�³¤̧�nµ¤µ��ªnµ�̧É°»�®£¼¤·®o°��µ��o°¤¼̈ �̧ Ê�ÎµÄ®o
¡°�¦µ�ªnµ­µ¦Å�¥µÅ��rÄ�Á º̈°��µ�«¡�³¤̧�ªµ¤���ª́�̧É°»�®£¼¤· 4oC ¤µ��ªnµ�̧É°»�®£¼¤·®o°� 

�µ¦ª·Á�¦µ³®r�µ�­�·�·�oª¥ Regression analysis ¡�ªnµ­¤�µ¦�°��µ¦¨�¨��°��ªµ¤Á�o¤�o�
Å�¥µÅ��r�´ Ê�Á�È ��ªµ¤­¤́¡�́�rÂ��Å¤nÄ�nÁ­o��¦� Ã�¥�̧É�¨»n¤��¨°��̧É°»�®£¼¤·®o°�¤̧�nµ°Îµ�µ��µ¦�Îµ�µ¥°¥¼n�̧É 
58.2% �¨»n¤�̧É°»�®£¼¤· 4oC ¤̧�nµ°Îµ�µ��µ¦�Îµ�µ¥�̧É 26.8% �¹É��nµ°Îµ�µ��µ¦�Îµ�µ¥�̧ÉÅ�o°°�¤µ�n°��oµ��o°¥
��́�´ Ê���Á�È �Å�Å�o¥µ��̧É�Îµ�nµ�ªµ¤Á�o¤�o�Å�¥µÅ��r�̧É�¦ª��µ�Á º̈°��̧ÉÁ�È�ÅªoÁ�È �Áª¨µ®¨µ¥ª�́¤µ�¦ª�Â öª�·�
�Îµ�ª��¨�́Å�Á�È ��nµ�ªµ¤Á�o¤�o�Å�¥µÅ��rÁ¤ºÉ°ª�́�̧ÉÁ�È�Á º̈°�¤µ�¦́ Ê�Â¦� 

­¦»�  

�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��µ�«¡�³¨�¨�°¥nµ�¦ª�Á¦ÈªÁ¤ºÉ°Á�È�¦́�¬µ�̧É°»�®£¼¤·®o°�Â¨³£µ¥®¨�́ 
1 ª�́�̧É°»�®£¼¤· 4oC ��́�´ Ê��µ¦�¦ª�®µ�ªµ¤Á�o¤�o�Å�¥µÅ��rÄ�Á º̈°��ª¦�Îµ�µ¦�¦ª���́�̧®¨�́�µ�Á�È�Á º̈°�
¤µ�µ�«¡Â�n�o µ¤̧�ªµ¤�ÎµÁ�È ��̧É�ÎµÄ®o Å¤n­µ¤µ¦��¦ª�Å�oÄ�ª�́�̧ÉÁ�È�Á º̈°�¤µ�È�ª¦�Îµ�µ¦�¦ª�£µ¥Ä� 24 

�´ÉªÃ¤�£µ¥®¨�́�̧ÉÁ�È�¦́�¬µÁ º̈°��̧É¤µ�µ�«¡ 

�Îµ�°��»� 

�µ¦«¹�¬µ�̧ ÊÅ�o ¦́��»�­��́­�»��µ���³Â¡�¥«µ­�¦r«·¦·¦µ�¡¥µ�µ¨ ¤®µª·�¥µ¨¥́¤®·�¨ 
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