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Abstract 
Application of ethanol vapor released pad on microbial growth inhibition and quality of kaiware was 

investigated.  Kaiware was separately packed into the plastic tray sealed with PP film containing 0. 6 g ethanol 
vapor released pad and without ethanol vapor released pad (control) then stored at 10 oC for 8 days. The result 
showed that the ethanol vapor treatments could delay microbial growth when compared with non-ethanol vapor 
released pad (control) treatment. The 0.6 g ethanol vapor pad delayed the increase of total bacteria, coliform and 
yeast as compared to control during storage.  This ethanol pad treatment also maintained phenolic content, 
chlorophyll content higher than the control throughout of the storage.  The visual appearance of kaiware kept in 
package with 0.6 g ethanol vapor pad was revealed better appearance including freshness, greenness than the 
control. While as the control set showed the water soaking symptom, yellowing, wilting leaves and fermented smell 
of kaiware on day 6 of storage. Moreover, this ethanol treatment also induced antioxidant activity both in DPPH 
and FRAP (2.69%, 1.42 μmol TE/g FW ) than control (2.23%,1.31 μmol TE/g FW) in day 8 of storage.  
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�µ¦«¹�¬µ�¨�°��µ¦Ä�o�°��¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨�n°�µ¦¥́�¥́Ê�Á�ºÊ°�» ·̈��¦̧¥rÂ¨³�»�£µ¡�°��o�°n°�Å�ªµÁ¦³ 

Ã�¥�ÎµÅ�ªµÁ¦³¤µ�¦¦�»Ä��µ�¡¨µ­�·��d���¹��ªµ¤¦o°��oª¥¡¨µ­�·�¢d r̈¤ PP Â öªÂ�n�Á�}�­°��¦̧�Á¤��r Å�oÂ�n Ä­n�°�
�¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨��µ� 0.6 �¦́¤Ä��¦¦�»£´��rÂ¨³Å¤nÄ­n�°��¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨ (�»��ª��»¤) Â öª�ÎµÅ�
Á�È�¦́�¬µ�¸É°»�®£¼¤· 10 °�«µÁ�¨Á�̧¥­ Á�}�Áª¨µ 8 ª´� ¡�ªnµ�o�°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨¤¸�ªµ¤­µ¤µ¦�
Ä��µ¦¥´�¥́Ê��µ¦Á�¦·�Á�·�Ã��°�Á�ºÊ°�» ·̈��¦̧¥rÅ�o�̧�ªnµ�o�°n°�Å�ªµÁ¦³�¸ÉÅ¤n�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨ (�»��ª��»¤) Ã�¥�o�
°n°�Å�ªµÁ¦³�¸É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨ ��µ� 0.6 �¦́¤ ­µ¤µ¦�¥́�¥́Ê��µ¦Á�¦·�Á�·�Ã��°�Á�ºÊ°Â���¸Á¦̧¥�´Ê�®¤� Á�ºÊ°         
Ã� ·̈¢°¦r¤ Â¨³Á�ºÊ°¥̧­�rÅ�o�̧�ªnµ�»��ª��»¤�¨°�¦³¥³Áª¨µ�µ¦Á�È�¦́�¬µ �°��µ��´Ê�¥́�¤̧�¦·¤µ�­µ¦�¦³�°�¢e�° ·̈�Â¨³
�¦·¤µ��¨°Ã¦¢d¨ r̈ ­¼��ªnµÅ�ªµÁ¦³�»��ª��»¤ Â¨³¥́�¤̧΅�¬�³�¦µ��£µ¥�°� Å�oÂ�n �ªµ¤­� Â¨³­̧Á�¸¥ª¤µ��ªnµ�»��ª��»¤�¹É�
¤̧°µ�µ¦Ä�Á® º̈°� Á®¸É¥ª Â¨³¤̧� ·̈É�®¤́�Ä�ª́��¸É 6 �°��µ¦Á�È�¦́�¬µ �¹É��o�°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨��µ� 
0.6 �¦́¤ �¦³�»o��·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³�¹É��¦ª�­°�Ã�¥ª·�¸ DPPH Â¨³ FRAP Á�nµ�́�¦o°¥¨³ 2.69 Â¨³ 1.42 μmol TE/g 
FW �¹É�Â���nµ��́��µ�­�·�·°¥nµ�¤̧�´¥­Îµ�́� (P<0.01) �́�Å�ªµÁ¦³�»��ª��»¤�¸É¤̧�nµÁ�nµ�́� 2.23% Â¨³ 1.31 μmol TE/g FW 
Ä�ª´��¸É 8 �°��µ¦Á�È�¦́�¬µ  

 : Á°�µ�°¨ �o�°n°�®´ªÅ�Á�oµ(Å�ªµÁ¦³) �ªµ¤­µ¤µ¦�Ä��µ¦¥́�¥́Ê�Á�ºÊ°�» ·̈��¦̧¥r �»�£µ¡  
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Å¤Ã�¦�¦̧� (Microgreens) �º° �o�°n°�®¦º°�o�� öµ��µ�Á È̈��°�¡º� �¸É¤̧¦³¥³Áª¨µ�µ¦�°��¦³¤µ�  7-21 ª´� 

�́��µ�®´ª®¦º°®´ªÅ�Á�oµ�¸É�ÎµÁ¤ È̈�¤µÁ¡µ³Á�}��o�°n°�¤̧�ºÉ°Á¦̧¥��´ÉªÅ�ªnµ vÅ�ªµÁ¦³w Å�ªµÁ¦³°»�¤Å��oª¥ª·�µ¤·�Á° ª·�µ¤·��̧ 
Â¨³Ã¡Â�­Á�̧¥¤­¼� (°£·�µ�Â¨³¡´�¦̧, 2558) �o�°n°�®´ªÅ�oÁ�oµ ¤̧¦­�µ�·°°��nµ Á�È�Á È̈��o°¥ ¤̧� ·̈É�Â¨³¦­�µ�·Á�¡µ³�́ª       
Á¤ºÉ°Á�¦̧¥�Á�¸¥��́��́��¸ÉÁ�È�Á�̧É¥ªÄ�ª´¥�¦·�¼¦�r �o�°n°��³¤̧­µ¦°µ®µ¦¤µ��ªnµ 5-10 Á�nµ Â¤oªnµ�o�°n°��³¤̧�»��nµ�µ�Ã£��µ
­¼� ¤̧ª·�¸�µ¦� ¼̈��¸É�nµ¥Â¨³Ä�o¦³¥³Áª¨µ­́Ê� Â�nÁ�·��µ¦Á­ºÉ°¤­£µ¡Å�o°¥nµ�¦ª�Á¦Èª®΅��µ¦Á�È�Á�̧É¥ªÁ�n��́� Ã�¥���·�o�°n°�    
�³¤̧°µ¥»�µ¦Á�È�¦́�¬µ 3-7 ª´� �¸É°»�®£¼¤· 4-7 °�«µÁ�¨Á�¸¥­  (��µ£´�¦, 2558) �¹É��{��´¥�¸É­n��¨�n°�µ¦Á­ºÉ°¤Á­̧¥�°��o�°n°�
­nª�Ä®�n¤́�Á�·��µ��µ¦Á�¨¸É¥�Â�¨��°�­̧Ä� °µ�µ¦�ÉÎµ�ÊÎµ Â¨³¤̧�µ¦Á�oµ�Îµ¨µ¥�µ�Á�ºÊ°Â���¸Á¦̧¥ Ã�¥Å°¦³Á®¥Á°�µ�°¨ 
(ethanol vapour) �´Ê��́�Á�}�­µ¦Á�¤̧�Îµ¡ª� GRAS (generally recognised as safe) �¸É¤̧�ªµ¤�¨°�£´¥�n°�¼o�¦·Ã£� (Utama 
et al., 2002) �¹É��Îµ®�oµ�¸ÉÁ�}�­µ¦¥´�¥́Ê��µ¦Á�¦·�Á�·�Ã��°��» ·̈��¦̧¥r�¸É¤̧�¦³­·��·£µ¡ �µ¦�¨�� n̈°¥Å°¦³Á®¥�°�Á°�µ�°¨
�·¥¤Ä�oª·�¸�µ¦�¦¦�»Á°�µ�°¨��ª́��»�¼��´�Â öª�¦¦�»Ä��°� (sachet) �¹É�¤̧�µ¦Á�µ³¦¼��µ�Á È̈�¦³�́�Å¤Ã�¦ Á¡ºÉ°�ª��»¤­£µ¡
�µ¦�¹¤�nµ�Ä®oÅ°�°�Á°�µ�°¨Â¡¦n�nµ�°°�¤µ­¼n�¦·Áª��n°�ªnµ�£µ¥Ä��¦¦�»£´��r (Candir et al., 2012) �́ª°¥nµ��µ¦Ä�o AVs 
�́��́�Â¨³�¨Å¤o Á�n� ®°¤Â��­��°�Á� º̈°� (¡´�¦̧ Â¨³��³, 2558) Å°¦³Á®¥Á°�µ�°¨�̧É� n̈°¥�µ��°��¦¦�»Á�oµ­¼n�¦¦¥µ�µ«
�°��¦¦�»£´��r­µ¤µ¦��nª¥�³¨°�µ¦Á�¦·��°�Á�ºÊ°�» ·̈��¦̧¥r Â¨³¤¸�ªµ¤�¨°�£´¥�n°�µ¦�¦·Ã£� �́��´Ê��¼oª·�´¥�¹�¤̧�ªµ¤­�Ä��¸É
�³«¹�¬µ�µ¦Ä�oÅ°¦³Á®¥Á°�µ�°¨Ä��µ¦¨��¦·¤µ�Á�ºÊ°�» ·̈��¦̧¥rÂ¨³¦́�¬µ�»�£µ¡�°��o�°n°�Å�ªµÁ¦³¦³®ªnµ��µ¦Á�È�¦́�¬µ 
 

  
Á�È�Á�̧É¥ª�o�°n°�Å�ªµÁ¦³¤µ¨oµ��Îµ�ªµ¤­³°µ��oª¥�ÊÎµ�΅É� �µ��́Ê��ÎµÄ®o­³Á�È��ÊÎµÂ¨³Â�n��o�°n°�Å�ªµÁ¦³

°°�Á�}� 2 �»���¨°� Ã�¥�»���¨°��¸É 1 �o�°n°�Å�ªµÁ¦³Â�n�ÊÎµ�΅É� (�»��ª��»¤�¸ÉÅ¤n�¦¦�»�°��¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨) 
�»��µ¦��¨°��¸É 2 �¸É�¦¦�»�°��¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨�¦·¤µ� 0.6 �¦́¤ �µ��´Ê��Îµ�o�°n°�Å�ªµÁ¦³Â�n¨³�»��µ¦��¨°�
�¦¦�»¨�Ä��µ�¡¨µ­�·� Polypropylene (PP) ��µ� 14x19x3.0 Á���·Á¤�¦ (TR-18-3.5) � n̈°�¨³ 20 �¦́¤ �µ��́Ê��¸¨�d��oª¥ 
PP Film Ã�¥¦³¥³Áª¨µ�µ¦Á�È�¦́�¬µÄ�ª´��¸É 0,2,4,6 Â¨³ 8 Ä�Â�n¨³ª´�Â�n¨³�»��µ¦��¨°��³Â�n�°°�Á�}� 4 �ÊÎµ �ÎµÅ�Á�È�Ä�
�¼oÁ¥È��¸É°»�®£¼¤· 10 °�«µÁ�¨Á�̧¥­ Á¡ºÉ°«¹�¬µ�¦·¤µ�Á�ºÊ°�» ·̈��¦̧¥rÂ¨³�»�£µ¡�°��o�°n°�Å�ªµÁ¦³Â¨³�µ¦ª·Á�¦µ³®r�¨Ä�
ª´��¸É 0, 2, 4, 6 Â¨³ 8   

 
1. �·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³Ã�¥ª·�¸ DPPH �ªµ¤­µ¤µ¦�Ä��µ¦¦̧�·ª�rÁ¢°¦r¦·��°�­µ¦�oµ�°�»¤¼¨°·­¦³ (FRAP) 

�¦·¤µ�­µ¦�¦³�°�¢e�° ·̈� (Phenolic content) Â¨³�¦·¤µ��¨°Ã¦¢d¨ r̈ (Chlorophyll content) 
 
 
 

 
 
 
 
 
 
 
 
Figure 1  DPPH radical scavenging activity (A) antioxidant capacity (B) phenolic content (C) and chlorophyll 

content (D) of kaiware  at 0.6 g. EtOH during storage at 10°C for 8 d compared to untreated (control). 
 
Figure 1 ¡�ªnµ�o�°n°�Å�ªµÁ¦³�¸É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨��µ� 0.6 �¦́¤ ¤̧�ªµ¤­µ¤µ¦�Ä��µ¦�¦³�»o�

�·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³�¹É��¦ª�­°�Ã�¥ª·�¸ DPPH Â¨³ FRAP Á�nµ�́�¦o°¥¨³ 2.69 Â¨³ 1.42 μmol TE/g FW �¹É�Â���nµ�
�́��µ�­�·�·°¥nµ�¤̧�´¥­Îµ�́� (P<0.01) �́��o�°n°�Å�ªµÁ¦³�»��ª��»¤�¸É¤̧�nµÁ�nµ�́� 2.23% Â¨³ 1.31 μmol TE/g FW Ä�ª´��¸É 
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8 �°��µ¦Á�È�¦́�¬µ Â¨³¤̧�¦·¤µ�­µ¦�¦³�°�¢e�° ·̈�Â¨³�¦·¤µ��¨°Ã¦¢d¨ r̈­¼��ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤�¨°�
¦³¥³Áª¨µ�µ¦Á�È�¦́�¬µ�̧É°»�®£¼¤· 10 °��µÁ�¨Á�¸¥­ Á�}�Áª¨µ 8 ª´� 

 
2. �¦·¤µ��°�Á�ºÊ°Â���¸Á¦̧¥�´Ê�®¤� (Total microbial count) �¦·¤µ�Á�ºÊ°Ã� ·̈¢°¦r¤ (Coliform) Â¨³�¦·¤µ�Á�ºÊ°¥̧­�r    

(Yeast) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2   Total microbial count (A) Coliform (B) and Yeast (C) of kaiware at 0.6 g. EtOH during storage at 10°C for  

8 d compared to untreated (control). 
 

Figure 2 ¡�ªnµÄ�ª´��¸É 2 Â¨³ 6 �°��µ¦Á�È�¦́�¬µ �o�°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨ 0.6 
�¦́¤ ­µ¤µ¦��³¨°�µ¦Á¡·É¤�¹Ê��°��¦·¤µ�Á�ºÊ°Â���¸Á¦̧¥�´Ê�®¤�Å�oÁ�nµ�́� 3.52 Â¨³ 2.58  log10CFU �n°�¦́¤�ÊÎµ®�´�­� �¹É�
Â���nµ��́��µ�­�·�·°¥nµ�¤̧�´¥­Îµ�́� (p<0.01) �́��o�°n°�Å�ªµÁ¦³�»��ª��»¤¤̧�nµÁ�nµ�́� 4.70 Â¨³ 4.24  log10CFU �n°�¦́¤
�ÊÎµ®�´�­� Â¨³¡�ªnµ�o�°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Å°¦³Á®¥Á°�µ�°¨ 0.6 �¦́¤ ­µ¤µ¦��³¨°�µ¦Á¡·É¤�¹Ê��°��¦·¤µ�
Á�ºÊ°Ã� ·̈¢°¦r¤ Â¨³Á�ºÊ°¥̧­�rÅ�o�̧�ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤�¨°�¦³¥³Áª¨µÁ�È�¦́�¬µ�¸É°»�®£¼¤· 10 °��µÁ�¨Á�¸¥­ Á�}�Áª¨µ 
8 ª´� 

     
 

�o�°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨��µ� 0.6 �¦́¤ ­µ¤µ¦��¦³�»o��·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³�¹É�
�¦ª�­°�Ã�¥ª·�¸ DPPH Â¨³ FRAP Å�o­¼��ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤ ¤̧�¦·¤µ�­µ¦�¦³�°�¢e�° ·̈�Â¨³�¦·¤µ�
�¨°Ã¦¢d¨ r̈­¼��ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤�¨°�¦³¥³Áª¨µ�µ¦Á�È�¦́�¬µ �µ��µ¦«¹�¬µ�n°�®�oµ�¸Ê Xu et al., (2012) 
¦µ¥�µ�ªnµ Å°¦³Á®¥Á°�µ�°¨­µ¤µ¦�¦́�¬µ�»�£µ¡�°��́�Â¨³�¨Å¤oÅ�o°¥nµ�¤̧�¦³­·��·£µ¡Â¨³Á¡·É¤�ªµ¤­µ¤µ¦�Ä��µ¦
�oµ�°�»¤¼¨°·­¦³Ã�¥�µ¦�nª¥Á¡·É¤�¦·¤µ�¢e�° ·̈�Ä��°��¦°�Ã�¨̧ Â¨³Å°¦³Á®¥Á°�µ�°¨¥́�­µ¤µ¦��³¨°�µ¦Á¡·É¤�¹Ê��°�
�¦·¤µ�Á�ºÊ°�» ·̈��¦̧¥r�´Ê�®¤�Â¨³�¦·¤µ�¥̧­�rÂ¨³¦µÅ�o�̧Ä�¤³¨³�°­»��́�Â�n�¡¦o°¤�¦·Ã£� (ª¸¦Áª�¥r Â¨³��³, 2555) �¹É��o�
°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨��µ� 0.6 �¦́¤ ­µ¤µ¦��³¨°�µ¦Á¡·É¤�¹Ê��°�Á�ºÊ°Â���¸Á¦̧¥�´Ê�®¤� Á�ºÊ°Ã� ·̈¢°¦r¤ 
Â¨³Á�ºÊ°¥̧­�rÅ�o�̧�ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤�¨°�¦³¥³Áª¨µ�µ¦Á�È�¦́�¬µ Ã�¥Å°¦³Á®¥Á°�µ�°¨�¸É­³­¤Ä��¦¦�»£´��r�³
�Îµ��·�·¦·¥µ�́�Á�ºÊ°�» ·̈��¦̧¥r­n��¨Ä®oÁ�·��µ¦Á�¨̧É¥�Â�¨��°�Á�¨ r̈Á¤¤Á�¦��°�Á�ºÊ°�» ·̈��¦̧¥rÂ¨³�ÎµÅ�­¼n�µ¦�µ¥�°�
Á�ºÊ°�» ·̈��¦̧¥rÄ��¸É­»� 

 



.                           52   2 ( )  2564                                             

 

11 

  
�o�°n°�Å�ªµÁ¦³�̧É�¦¦�»�°��¨�� n̈°¥Á°�µ�°¨��µ� 0.6 �¦́¤ Ä®o΅�¬�³�¦µ��£µ¥�°��̧É�̧ Å�oÂ�n �ªµ¤­� Â¨³­̧

Á�¸¥ª¤µ��ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤ ­µ¤µ¦��¦³�»o�­µ¦�oµ�°�»¤¼¨°·­¦³Å�o�̧�ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤ Â¨³­µ¤µ¦�
�³¨°�µ¦Á¡·É¤�¹Ê��°�Á�ºÊ°Â���̧Á¦̧¥�´Ê�®¤� Á�ºÊ°Ã� ·̈¢°¦r¤Â¨³Á�ºÊ°¥̧­�r Å�o�̧�ªnµ�o�°n°�Å�ªµÁ¦³�»��ª��»¤�¨°�¦³¥³Áª¨µ�µ¦
Á�È�¦́�¬µ�̧É°»�®£¼¤· 10 °��µÁ�¨Á�¸¥­ Á�}�Áª¨µ 8 ª´�     

 
 

�µ�ª·�´¥�¸ÊÅ�o¦́��µ¦­�´�­�»����¦³¤µ��µ�«¼�¥r�ª´��¦¦¤Á��Ã�Ã¨¥̧®΅��µ¦Á�È�Á�̧É¥ª �¦³�¦ª��µ¦°»�¤«¹�¬µ 
ª·�¥µ«µ­�¦r ª·�´¥Â¨³�ª́��¦¦¤ Â¨³�°�°��»� The United Graduate School of Agricultural Science (UGSAS), Gifu 
University, Japan �¸ÉÁ°ºÊ°Á¢g�°°»��¦�rÄ��µ¦�Îµª·�´¥�¦́Ê��¸Ê 
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°£·�µ�· «¦̧­³°µ� Â¨³¡´�¦̧ ­ÎµÃ¦�Á¥È�. 2558. Á¤¨È��°�. �¦»�Á�¡²: �µ�µ °·�Á�°¦r¤¸Á�̧¥. ®�oµ 9-10.  
Candir, E., A. E. Ozdemir, O. Kamiloglu, E. M. Soylu, R. Dilbaz and D. Ustun. 2012. Modified atmosphere packaging and ethanol 

vapor to control decay of vRed Globew table grapes during storage. Postharvest Biology and Technology 63(1): 98y106. 
Utama, I.M.S., R.B.H. Wills, S. Ben-Yehoshua and C. Kuek. 2002. In vitro efficacy of plant volatiles for inhibiting the growth of fruit and 

vegetable decay microorganisms. Journal of Agricultural and Food Chemistry 50: 6371-6377. 
Xu, F., X. Chen, P. Jin, X. Wang, J. Wang and Y. Zheng. 2012. Effect of ethanol treatment on quality and antioxidant activity in 

postharvest broccoli florets. European Food Research and Technology 235(5): 793y800.  
 


