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การประชุมวิชาการ วิทยาการหลังการเก็บเก่ียวแหงชาติ ครั้งที่ 18 
 
Postharvest Safety 
 
8 การใชซองปลดปลอยไอระเหยเอทานอลตอการยับย้ังเช้ือจุลินทรียและคุณภาพของตนออนหัวไชเทา (ไควาเระ) ในระหวาง

การเก็บรักษา  
  มธุรส ขุมทองวัฒนา  สุริยัณห สุภาพวานิช  มัณฑนา บัวหนอง และ พนิดา บุญฤทธิธ์งไชย 
12 ผลของความรอนแบบฟลูอิดไดซเบดระดับหองปฏิบัติการตอดวงงวงขาวโพด มอดแปง และคุณภาพการสีของขาว 

พันธุขาวดอกมะลิ 105  
  กัลยา บุญสงา  ดามร บณัฑุรัตน  วิบลูย ชางเรือ และ เยาวลักษณ จันทรบาง 
16 การใชดินเบาจากประเทศไทยเพ่ือควบคุมดวงงวงขาวโพดและมอดแปงในเมล็ดขาว  
  พัชรดนัย ใจคํา  วรวิมล วังศพาห   สริิญา คัมภิโร  กรวัฒน อรรถโสภา  และ เยาวลักษณ จนัทรบาง 
20 ผลของอุณหภูมิในการใหความรอนดวยคล่ืนความถ่ีวิทยุตอคุณภาพเมล็ดพันธุขาวในระหวางการเก็บรักษา   
  ศิราพร เชื้ออวน  รัชรังสี รัชนิพนธ  และ สงวนศักด์ิ ธนาพรพูนพงษ 
24 ความเปนไปไดในการพบสารพิษตกคางในเนื้อและเปลือกของสมสายน้ําผ้ึง  
  ชัยณรงค รัตนกรีฑากุล  จุฑารัตน พัฒนาทร  ปญญวัฒน เอกอิษวัตวิกลุ   พิสุทธิ ์เขยีวมณี   สรรเสริญ รังสวุรรณ   

และ รัติยา พงศพิสุทธา 
 
Postharvest Biology Mechanism  
 
28 ผลของดัชนีเก็บเก่ียวตอคุณภาพทางเคมีและกายภาพของผลอินทผลัมพันธุบาฮี 
  ปวาลี ชมภูรัตน   พิมนภัทร เชาววุฒิพัฒน   วุฒิกรณ ออนตา  สกุานดา แซเฮง   กัลย  กลัยาณมิตร และแพรวพรรณ จอมงาม 
32 การเปล่ียนแปลงคุณภาพและสารสําคัญของมะมวงน้ําดอกไมที่เคลือบดวย Chitosan-based Multicoating ระหวาง 

การวางจําหนาย  
  นันทวัน หัตถมาศ  ปยะศักด์ิ ชอุมพฤกษ  มัณฑนา บัวหนอง  พนิดา บุญฤทธิธ์งไชย และเฉลิมชยั วงษอารี 
36 ลักษณะทางสัณฐานวิทยาและกายภาพ-เคมีของกลวยทิพรส  
  สมคิด ใจตรง  พิชญานิล โคตรลุน และสุชาวดี บัวพก 
41 เปรียบเทียบคุณภาพหลังการเก็บเก่ียวของผลมะเขือเทศ พันธุสแนคสลิม 502 และ พันธุ PC3 (A9) เพื่อการสงเสริมอาชีพใหม

ใหกับเกษตรกรในพื้นที่สูงชายขอบ บานบอเหมืองนอย อําเภอนาแหว จังหวัดเลย  
  ปยทัศน ทองไตรภพ   ธิติมา วงษชีรี และพนิดา บญุฤทธิ์ธงไชย 
45 ผลของเอทิลีนและ 1-MCP ตอการเส่ือมสภาพของดอกตูมและดอกบาน ในกลวยไมสกุลหวายพันธุขาวสนาน  
  กานตสินี ทาโพธิ์   พีรยุทธ สิริฐนกร และ อัณณชญาน มงคลชัยพฤกษ 
49 ความตานทานขามตอสารเคมีในกลุม QoI และ DMI ของเช้ือรา Colletotrichum siamense สาเหตุโรคแอนแทรคโนสของ

มะมวงที่ตานทานตอสารเคมีในกลุม benzimidazole  
  รัติยา พงศพิสุทธา   ชัยณรงค รัตนกรีฑากุล และสัณฐิติ บินคาเดอร 
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53 การตรวจสอบเชื้อรา Aspergillus flavus ที่สรางสารพิษอะฟลาทอกซินโดยไพรเมอร afl R 
  ชัยณรงค รัตนกรีฑากุล   สรรเสริญ รังสุวรรณ   รัติยา พงศพิสุทธา และ พิสุทธิ์ เขียวมณี 
57 ความหลากหลายทางชีวภาพของ Colletotrichum capsici สาเหตุโรคแอนแทรคโนสของพริกและการตอบสนองตอสารเคมี

ปองกันกําจัดเช้ือรา  
  รัติยา พงศพิสุทธา  ชัยณรงค รัตนกรีฑากุล  สณัฐิติ บินคาเดอร  ชุติมา น่ิมนวล  ธญัญลักษณ ไทยแท  นุชนารถ ศรีสขุ  

และศุภนันทญา จันทรศรี 
61 การสํารวจโรคผลเนาของลําไยหลังการเก็บเก่ียว  
  เอมลิน พิพัฒนภักดี   ดนัย บุณยเกียรติ  ฉันทลกัษณ ติยายน  พิมพใจ สีหะนาม และ อรอุมา เรืองวงษ 
65 ผลของความรอนจากคล่ืนความถ่ีวิทยุที่มีตอปริมาณแอนโทไซยานินในขาวเปลือกพันธุกํ่าเจา มช. 107   
  วรวิมล วังศพาห  ณัฐศักด์ิ กฤติกาเมษ   วิบลูย ชางเรือ  เยาวลักษณ จันทรบาง  และ ณัฏฐวัฒณ หม่ืนมาณี 
69 อิทธิพลของคล่ืนความถ่ีวิทยุตอการเปลี่ยนแปลงคุณภาพหลังการเก็บเก่ียวเมล็ดกาแฟอะราบิกา  
  ณัฏฐวัฒณ หม่ืนมาณี   อรอุมา เรืองวงษ  อังสนา อัครพิศาล และ เยาวลักษณ จันทรบาง 
 
Postharvest Logistics 
 
73 ผลของอุณหภูมิและบรรจุภัณฑตอคุณภาพและอายุการเก็บรักษาสาหรายพวงองุน 
  นิภาพร ธรรมโชติ   กลัยา ศรีพงษ  อภิรดี อุทัยรัตนกิจ  และ ผองเพ็ญ จิตอารียรัตน 
77 การศึกษาความเปนไปไดของการพัฒนาผลิตภัณฑกลวยหอมทองสุกไลระดับในบรรจุภัณฑคาปลีก ตามความตองการของ

สหกรณการเกษตรทายาง จ.เพชรบุรี  
  ธิติมา วงษชีรี   พิรญาณ นิลมงคล  พฤกษ ชสูังข  จฑุามาศ พรอมบุญ และเฉลิมชัย  วงษอารี 
81 การยืดอายุการเก็บรักษาผลลําไยสดโดยบรรจุภัณฑที่ปดผนึกดวยฟลมแบบเจาะรูขนาดไมโคร  
  จุฑามาศ พรอมบุญ  ตรัสสา ชีพนุรัตน  วิชชุดา เดาด  อัจฉราพร อนที  สุดารัตน ขุนเมือง และเฉลิมชยั วงษอารี 
85 ผลของกลองบรรจุแบบดัดแปลงบรรยากาศโดยใชหนาตางซิลิโคนเมมเบรนตอคุณภาพและอายุการเก็บรักษา 

เงาะโรงเรียน  
  เรวัติ ชัยราช และวีรเวทย อุทโธ 
89 การใชสารละลายโซเดียมเมตาไบซัลไฟตและกรดออกซาลิกเพื่อลดการเกิดสีน้ําตาลของเปลือกผลลําไยระหวาง 

การเก็บรักษา 
  จุฑามาศ พรอมบุญ  กาญจนา วรราษฎร  ปฐมพงศ เพ็ญไชยา  สมโภชน นอยจินดา และ เฉลิมชัย วงษอารี 
93 ผลของแคลเซียมคลอไรดและบรรจุภัณฑสภาพบรรยากาศแบบดัดแปลงตอคุณภาพของลําไยสดพรอมบริโภค  
  สิทธิชัย เตชะดิลก  กลัย กัลยาณมิตร  ธิดารัตน แกวคํา แพรวพรรณ จอมงาม และ ดวงใจ นอยวัน 
97 ผลของการเคลือบผิวดวยเชลแล็กที่มีผงเปลือกมะมวงแกวขม้ินเปนสวนประกอบตอคุณภาพระหวางการเก็บรักษาของ

หอมแดงตัดแตงสด  
  พนิดา พิมพสุวรรณ  วีรเวทย อุทโธ    เรวัติ ชัยราช  วัชรพงษ วัฒนกูล   อดุลย อภินันทร   นิตยา ภูงาม  และ จินดามณี 

แสงกาญจนวนิช 
102 ผลของสารเคลือบผิวไขผ้ึงตอคุณภาพของสมซาระหวางการขนสงแบบจําลอง  
  ศรัณยา เพงผล  ณัฐชา ชื่นเนียม และวิลาวัลย คําปวน 
107 ผลจากความไมตอเนื่องของหวงโซความเย็นตอคุณภาพภายหลังการเก็บเก่ียวของผักสลัดคอส  
  วรินทร มณีวรรณ  ดามร บัณฑุรัตน และ วิบูลย ชางเรือ 
111 ผลของกรดออกซาลิกและเมทิลจัสโมแนสตอคุณภาพและอายุการเก็บรักษาของใบโหระพาระหวางการเก็บรักษาที่

อุณหภูมิตํ่า  
  อินทิรา ลิจันทรพร  นันทชนก นันทะไชย และปาลดิา ต้ังอนุรัตน 
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115 ผลของ Indole-3-Acetic Acid จากแบคทีเรีย (Micrococcus yunnanensis) ตออายุการปกแจกันของดอกกลวยไมสกุล
หวายพันธุขาวสนาน  

  อัญชิสา อินอิว  สาวิตร ตระกูลนาเลื่อมใส และ อณัณชญาน มงคลชยัพฤกษ 
 
 
Postharvest Machinery  
 
119 การลดความช้ืนกาแฟกะลาอะราบิกาโดยใชพลังงานแสงอาทิตยแบบควบคุมอุณหภูมิอัตโนมัติ  
  พงษรวี นามวงศ  ปรีชา อานันทรัตนกุล  สนอง อมฤกษ  มานพ รักญาติ  นิติ ผูกจิต  สรวิศ จันทรเจนจบ   

ปริญญวัฒน อยูทองอินทร  คชธร อางบญุพงษ และศริญณา มาปลูก 
122 การคัดแยกเมล็ดพันธุดาวเรืองดวยวิธีวิเคราะหภาพถายและโครงขายใยประสาทเทียมแบบจดจํารูปแบบ  
  พูนพัฒน พูนนอย  และ ประนอม ยังคําม่ัน 
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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.  
Keywords: ethanol, radish microgreen (kaiware), microbial growth inhibition, quality 
 

  
�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¡  
 

                                                           
1 ­µ¥ª·�µÁ��Ã�Ã¨¥®̧¨�́�µ¦Á�È�Á�¸É¥ª ��³�¦́¡¥µ�¦�¸ª£µ¡Â¨³Á��Ã�Ã¨¥¸ ¤®µª·�¥µ¨´¥Á��Ã�Ã¨¥¸¡¦³�°¤Á�¨oµ���»¦̧ ��¤. 10150 
1 Postharvest Technology, School of Bioresources and Technology, King Mongkut's University of Technology Thonburi. Bangkok 10150, Thailand 
2 £µ�ª·�µ�¦»«µ­�¦rÁ�¬�¦ ��³�¦»«µ­�¦r°»�­µ®�¦¦¤Â¨³Á��Ã�Ã¨¥¸ ­�µ�́�Á��Ã�Ã¨¥¡̧¦³�°¤Á�¨oµÁ�oµ�»��®µ¦¨µ��¦³�́� ��¤. 10520                                                             

2 Department of Agricultural Education, School of Industrial Education and Technology, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520,  
  Thailand.    
3 «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��¦¦¤ ��¤. 10400 
3 Postharvest Technology Innovation Center, Ministry of Higher Education, Science, Research and Innovation, Bangkok 10400, Thailand. 
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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»� 
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�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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Effects of Laboratory Scale Fluidized Bed Heat Treatment on Maize Weevil, (Sitophilus zeamais),  
Red Flour Beetle (Tribolium castaneum) and Milling Quality of Rice cv. Khao Dawk Mali 105 

 
 1  1,2,3   1,2,3   1,3,4 

Kunlayaa Boonsa-nga1, Damorn Bunturat1,2,3, Viboon Changrue1,2,3  and Yaowaluk Chanbang1,3,4 
 

Abstract  
The efficacy of heat fluidized bed (FDB) was studied for controlling stored product insects on rough rice 

using laboratorial heat fluidized bed equipment and the milling quality of rice later was examined.  Rough rice cv. Khao 
Dawk Mali 105 (13% mc wet basis) infested with insects were treated with FDB. The results showed that maize weevil, 
Sitophilus zeamais Motschulsky ( internal feeders)  performed higher tolerance for heat than red flour beetle Tribolium 
casteneum (Herbst). At the velocity speed 3.7 m/s, 50°C for 90 seconds, the mortality of maize weevil treated by FDB 
was significant different (P<0.01). Pulpal stage as an FDB tolerant stage of maize weevil was treated with 50, 55, 60 and 
65 °C for 60, 90, 120, 150, 180 and 240 seconds. FDB heat treatment at 55 °C for 150 seconds, 60 °C for 90 seconds 
and 65°C for 60 seconds caused 100% mortality. At the velocity speed 3.7 m/s, 40°C for 120 seconds, the mortality of 
red flour beetle was significant different (P<0.01). Egg stage as an FDB tolerant stage of red flour beetle was treated 
with 40, 45 and 50 °C for 120, 150, 180 and 240 seconds. The result showed that FDB heat treatment at 40 °C for 180 
seconds, 45 °C for 180 seconds and 50 °C for 120 seconds caused 100% mortality. The percentage of whole kernels 
and head rice was not difference compared with control.  In case of the milling quality, the percentage of whole 
kernels and head rice was similar to control. However, milled rice was yellow color with the increased of b* value, and 
the decreased of L* value and whiteness index. The moisture content and amylose content were decreased.  
Keywords: heat treatment, fluidized bed, paddy 
 

 
  

    105  13 
 ( )     (

)  ( ) 
     (P<0.01)  
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  (analysis of variance)  least significant 

difference (LSD) 
 
 

  
     

3.7m/s  50 °C  90   (P<0.01)    



            52  2 ( )  2564   .      14 

36.75 ± 7.63  100 ± 0.00     40 °C  120  
 (P<0.01)  7.25 ± 3.59, 32.25 ± 14.57, 100.00 ± 0.00  12.75 ± 7.27 

          
   

 
  

 ( )   55 °C 150 , 60 °C 90   
65 °C 60    ( )   40 °C 180 , 45 °C 
180   50 °C 120   (Table 1-2)  

 
Table 1 Average mortality of pupal maize weevils after exposed to fluidized bed heat treatment at combination 

of temperature (50, 55, 60 and 65 C) and exposure time (60, 90, 120, 150, 180 and 240 seconds) 

Time (seconds) Mortality of pupal maize weevil (%) ± SE* at various temperature (C) 
50 55 60 65 

Control 4.50 ± 1.73 c 9.00 ± 3.56 c 7.75 ± 3.10 b 7.75 ± 3.30 b 
60 0.00 ± 0.00 c 0.00 ± 0.00 d 0.50 ± 0.58 c 100.00 ± 0.00 a 
90 0.00 ± 0.00 c 96.00 ± 4.76 b 100.00 ± 0.00 a 100.00 ± 0.00 a 

120 0.00 ± 0.00 c 99.00 ± 1.41 ab 100.00 ± 0.00 a 100.00 ± 0.00 a 
150 58.75 ± 13.15 b 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 
180 68.50 ± 12.45 b 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 
240 85.50 ± 5.45 a 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 

CV (%) 23.13 3.21 1.64 1.44 
*  Means followed by the same letter within column are not significantly different from each other at P<0. 01 according to least 
significant difference (LSD) Test 
 
Table 2 Average mortality of egg red flour beetle after exposed to fluidized bed heat treatment at combination 

of temperature (40, 45 and 50 °C) and exposure time (120, 150, 180 and 240 seconds) 

Time (seconds) Mortality of egg red flour beetle (%) ± SE* at various temperature (C) 
40 45 50 

Control 3.00 ± 1.63 c 8.00 ± 4.55 c 8.00 ± 2.16 b 
120 6.50 ± 4.65 c 95.00 ± 2.58 b 100.00 ± 0.00 a 
150 84.75 ± 10.63 b 98.50 ± 1.29 a 100.00 ± 0.00 a 
180 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 
240 100.00 ± 0.00 a 100.00 ± 0.00 a 100.00 ± 0.00 a 

CV (%) 8.90 3.00 1.18 
*  Means followed by the same letter within column are not significantly different from each other at P<0. 01 according to least 
significant difference (LSD) Test 
 

 
 40-50  

  (P<0.01)  
  L* ( )    b* 

( )    
  41-44  (Table 3) 
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Table 3 Moisture content, grain temperature, color values (L*, b*), whiteness index, whole kernels and head rice 
and amylose content of rice cv. Khao Dawk Mali 105 when exposed to fluidized bed heat treatment at 
various temperatures and exposure times for completely killing pupal maize weevil and egg red flour 
beetle.  

Treatment Moisture 
content (%) 

grain 
temperature 

(°C) 

Color values** Whiteness 
index 

Whole kernels 
and Head rice 

(%) 

Amylose 
(%) L* B* 

40C180S 11.90 abc 35.33 d 69.50 a 10.49 bc 67.72 a 43.14 ns 14.45 c 
45C180S 12.00 ab 41.67 c 68.81 a 10.93 b 66.92 a 42.28 ns 14.53 c 
50C120S 11.83 bc 46.67 b 69.49 a 10.27 bc 67.78 a 42.65 ns  14.92 b 
55C150S 11.70 c 53.67 a 65.63 c 13.43 a 62.85 bc 42.02 ns  14.78 bc 
60C90S 11.73 c 54.67 a 65.26 c 12.98 a 62.69 c 42.62 ns 14.45 c 
65C60S 11.83 bc 56.67 a 67.14 b 13.52 a 64.20 b 41.51 ns  15.02 b 
Control 12.07 a 29.67 e 68.83 a 9.64 c 67.35 a 44.07 ns  15.39 a 
CV (%) 1.02 3.03 1.25 4.62 1.26 2.29 1.39 

*  Means followed by the same letter within column are not significantly different from each other at P<0. 01 according to least 
significant difference (LSD) Test 
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Uses of Diatomaceous Earth of Thailand for Controlling Maize Weevil and Red Flour Beetle in Rice Grain  

 
 1  2   1   1   1,2* 

Patcharadanai Jaikhum1, Wornwimol Wangspa2, Siriya Kumpiro1, Korrawat Attasopa1 and Yaowaluk Chanbang1,2*    
 

Abstract 
Maize weevil (Sitophilus zeamais Motschulsky) is the primary stored product insect pest of rice infested 

inside rice kernel and red flour beetle (Tribolium castaneum Herbst)  infested on damaged grain.   The damage 
from those 2 species caused quantity and quality losses.  The objective of this experiment is to study the efficacy 
of diatomaceous earth (DE) from Nam Jo Subdistrict, Mae Tha District, Lampang Province to control those insects 
in organic paddy.  The contact toxicity of DE (250 microns) on maize weevil was examined by mixing with paddy 
(14% mc) at the ratio of 250, 750 and 1,000 mg/1 kg. The experiment was done for 3 replications. Results showed 
that 100%  mortality of maize weevil was found in the treatment of 750 and 1,000 mg/1 kg on day 7 compared with 
0%  mortality in untreated control. For contact toxicity on red flour beetle, DE (125 microns) was mixed with water at 
0,10 and 20%  ( w/v)  and then painted on filter paper.  The test was done on 12-day-old larvae and pupae for 3 
replications. The result showed that mortalities of 12-day-old larvae were 4.17±2.71, 9.17±1.54 and 10.83±2.39% , 
respectively whereas mortalities of pupae were 7.50±1.12, 16.67±4.21% and 26.67±4.01%, respectively. Then eggs, 
young larvae (6 days old), pupae and adults were tested again in the same pattern with 5 replications. The mortalities 
of young larvae were 0, 92.00±3.39 and 61.00±15.68% , respectively while mortalities of other stages were less than 
20% after day 3. In conclusion, DE at 750 mg/kg was enough as the grain admixture for control maize weevil and DE 
at 10% (w/v) was appropriate for painting on the surface to control young larvae of red flour beetle.  
Keywords: diatomaceous earth, seed mixed, contact toxicity, stored product insect  
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 250   0 ( ), 250, 500, 750 

 1,000  1   (P<0.05) 
 1   7  (P<0.05)   0, 45.8±19.1, 

85.0±34.0, 88.3±35.4  100.0±0.0%  (Table 1) 
 
Table 1.  Percentage mortality of Sitophilus zeamais adult after 7 days of exposure with four dose rates of 250 

microns diatomaceous earth (DE) 
Weight of 

diatomaceous earth (g/rough rice 1 Kg) 1 day 7 days 

Untreated (control)  0.0±0.0b    0.0±0.0c 
250  12.5±1.5ab    45.8±19.1b 
500 10.0±0.6ab    85.0±34.0a 
750 32.5±3.5a    88.3±35.4a 

1,000 22.5±3.6a          100.0±0.0a 
Means within the column followed by different letters are significantly different at 95% confidence level (P<0.05) by Least Significant 
Difference (LSD) comparison. 
 

 
 12  125   0 ( ), 10 

 20%  (petri dish)  (P>0.05) 
   7.50±1.1 ( ), 

16.67±4.2 (10% DE)  26.67±4.01 (20% DE)   (Table 2)   
 (  6 )     10% 

  (  6 )  (P<0.05)   0, 92.0±3 
61.0±15.7%  (Table 3)  

 
Table 2.  Percentage mortality of Tribolium castaneum larvae (12 days old) and pupae after 3 days of exposure 

with two concentrations of 125 microns diatomaceous earth (DE) 
DE concentrations (%) Older larvae (12 days old) Pupae 

Untreated (control)   4.17 ± 2.7a 7.50 ± 1.1b 
10   9.17 ± 1.5a 16.67 ± 4.2ab 
20 10.83 ± 2.4a 26.67 ± 4.01a 

 Means within the column followed by different letters are significantly different at 95% confidence level (P<0.05) by Least Significant 
Difference (LSD) comparison. 
 
Table 3. Percentage mortality different stages of Tribolium castaneum after 3 days of exposure with two 

concentrations of 125 microns diatomaceous earth (DE) 
DE concentrations (%) Eggs Young larvae (6 days old) Pupae Adults 

Untreated (control) 0.0±0.0a 0.0±0.0c 10.0±6.1ab 0.0±0.0a 
10 5.0±3.2a 92.0±3.4a 19.0±5.8a 0.0±0.0a 
20 0.0±0.0a 61.0±15.7b   3.0±3.0b 2.0±1.2a 

Means within the column followed by different letters are significantly different at 95% confidence level (P<0.05) by Least Significant 
Difference (LSD) comparison. 
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Effect of Radio Frequency Heating Temperature on Rice Seed Quality during Storage 

 
 1   1    2 

Siraporn Chuea-uan1, Ratcharangsri Ratchaniphon1 and Sa-nguansak Thanapornpoonpong2 
 

Abstract 
The purpose of this research was to study the effect of radio frequency (RF) heat temperature at 27.12 MHz 

and power of 15 kW on the seed quality of San Pa Tong 1 rice during storage at 10.5%  initial seed moisture. The 
experimental design was split plot with 4 replications. The main factors were hot air-dried seed (control 1), hot air-
dried seed and fumigated with phosphine (control 2) , RF heated seed at 55, 60 and 65 °C. The sub-plots was 
storage period (0, 1, 2, 3, 4, 5, 6, 7 and 8 months) .  Packed 5 kg in plastic sack, size 38 X 48 cm. Stored in a 
closed container. It was found that RF heating at 55 and 60 °C had germination, germination index and vigor of 
rice seed were not statistically different from control 1 and control 2.  The germination of rice seeds was not 
statistically different during storage. The germination index was the highest at the 4th month. The vigor test with the 
accelerated aging method was not statistically different between the 2 nd to 8th months.  Therefore, RF heating at 
55°C to dispose insects can be used without affecting on rice seed quality throughout the storage period. 
Keywords: radio frequency, seed, storage  
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 split plot  4       (  1) 
 (  2)  RF  55, 60  65 
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Table 1 Moisture content, germination, germination index and vigor of rice seed during storage  
 

Factor Moisture content (%) Germination (%) Germination index Vigor (%) 
Treatment (A)     

Control 1 11.64 b 95.92 a 24.25 a 91.22 a 
Control 2 11.98 a 96.50 a 24.48 a 90.72 a 
RF 55 °C 11.42 c 94.31 a 23.78 a 89.25 a 
RF 60 °C 11.18 d 94.61 a 23.57 a 89.78 a 
RF 65 °C 11.08 d 83.67 b 20.00 b 80.81 b 

F-test ** * ** ** 
LSD.05 0.22 4.28 1.28 2.36 

Storage period (B)     
0 month   11.13 cd 75.15  c 16.51 g 76.65 c 
1 month 10.90 d   94.90 ab 24.99 c 62.75 d 
2 month 11.19 c   95.00 ab 25.17 c   94.40 ab 
3 month 11.55 b   95.30 ab 26.99 b   93.40 ab 
4 month 12.05 a 93.95 b 29.25 a 92.70 b 
5 month 11.98 a 94.15 b 21.81 e   93.25 ab 
6 month 12.11 a 96.90 a 21.26 e 95.15 a 
7 month   11.06 cd 96.60 a 22.83 d   93.50 ab 
8 month 11.19 c   95.05 ab 20.13 f   93.40 ab 

F-test ** ** ** ** 
LSD.05 0.27 2.29 0.78 2.37 
A X B * * * ** 

C.V.(%)  3.71 3.93 5.34 4.29 
      Means with different letters within a column indicate a significant difference according to least significant difference (LSD) test  
      ns = not significant; * significantly different at 0.05 probability level; ** significantly different at 0.01 probability level.  
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The Possibility of Pesticide Residue Detection in Pulp and Peel of Tangerine Fruit cv. Sai Num Phung 

  
 1,2  3  3  1,2  1,2  

  1,2 
Chainarong Rattanakreetakul1,2, Jutarat Pattanatorn3, Panyawat Aekitsawatwikul3, Pisut Keawmanee1,2, Sansern Rangsuwan1,2,  

and Ratiya Pongpisutta1,2   
 

Abstract 
Pesticide residues are one of the major problems in the food supply system within the producing 

countries. Tangerine fruit cv. Sai Num Phung was highly found the maximum residue limits (MRL) exceed to Thai 
FDA No. 387 (B.E.  2560)  pesticides residue in foods. Tangerine fruit cv.  Sai Num Phung farm practice of pre-
harvest interval (PHI) of 7 15 days was managed. The result of pesticides residue by GT-test kit of 355 tangerine 
fruit samples from the farm during August 2019 to July 2020 referred 56.6% (199 samples) was unsafely products. 
For further elucidation, 10 samples of the unsafe result from GT-test kit were separated into pulp and peel of 
tangerine fruit.  The samples were extracted with QuEChERS, and the extracts were analyzed with GC/ MS 
comparing to 116 standard pesticides. Pesticide residue on fruit pulp was not found to exceed the Thai standard 
but the residue on the fruit peel was founded. They found pyridaben 8 samples (0.70, 0.76, 0.05, 0.04, 0.03, 0.09, 
0.04 and 0.05 mg/kg) ethion 5 samples (19.40, 20.67, 4.63, 3.71 and 11.35 mg/kg), cypermethrin 4 samples (0.40, 
1.45, 2.08 and 1.99 mg/kg), tebuconazole 4 samples (1.76, 1.21, 0.17 and 1.27 mg/kg) with the MRL limit at 0.01, 
2.00, 0.3 and 0.01 mg/kg, respectively. These referred that the pesticide residues accumulated on tangerine fruit 
cv. Sai Num Phung peel than the pulp part. 
Keywords: tangerine fruit, pesticide residue, food safety 

 
 

 
 (MRL) 

  387 . . 2560    
 7-15   GT- test kit  355 

 2562 -  2563  199   
56.06%  10  GT- test kit   

 QuEChERS  Gas chromatography mass 
spectrometry  116  

   pyridaben  8  (0.70, 
0.76, 0.05, 0.04, 0.03, 0.09, 0.04  0.05 mg/kg) ethion  5  (19.40, 20.67, 4.63, 3.71  11.35 
mg/kg) cypermethrin  4  (0.40, 1.45, 2.08  1.99 mg/kg)  tebuconazole  4  
(1.76, 1.21, 0.17  1.27 mg/kg)  0.01, 2.00, 0.3  0.01 mg/kg  
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   Phytophthora parasitica, , ,    
(  , 2542;  , 2546) 

 
   387 . . 2560  

  
     2563 

  16   81% 
 

 
 

 
1   GT test-kit 

  
 7-15   2562 -  2563 

 GT-test kit ( , )  
  

 
2  QuEChERS  

 GT-test kit  
  QuEChERS  EN 15662 method 

(Anastassiades et al., 2003)  QuEChERS extract pouch, EN Method (Agilent Technology, USA) 
 dispersive 15 mL, High Pigment (Agilent Technology, USA)  N2-

evaporator  acetone:ethyl acetate:cyclohexane (2:1:1)  Gas 
chromatography mass spectrometry  Agilent 7000D Triple Quadrupole Mass Spectrometer (Agilent Technology, 
USA)  116    

 (Maximum Residue Limit; MRL)  
 387 . . 2560   ( , 2560) 

 
 

 GT-test kit 
 7-15   2562 -  2563  355  

 12   144  
 199   3.38, 40.56  56.06%  

 GC/MS  116  
 GT-test kit   10  

  100% 
 100%  (MRL) 

  387 . . 2560    cypermethrin  4  
(0.40, 1.45, 2.08  1.99 mg/kg) diazinon  1  (0.02) ethion  5  (19.40, 20.67, 4.63, 
3.71  11.35 mg/kg) fipronil  1  (0.01) prothiofos  3  (0.11, 0.06  0.87) pyridaben 

 8  (0.70, 0.76, 0.05, 0.04, 0.03, 0.09, 0.04  0.05 mg/kg) tebuconazole  4  (1.76, 
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1.21, 0.17  1.27 mg/kg)  tetradifon  2  (0.01  0.02)  0.3, 0.01, 2.00, 
0.005, 0.01, 0.01, 0.01  0.01 mg/kg  (Table 1) 
 
Table 1  Analytical report of pesticide residues in peel of tangerine fruit 
 

Pesticide 
(MRL in Citrus) Sa1 Sa2 Sa3 Sa4 Sa5 Sa6 Sa7 Sa8 Sa9 Sa10 

Bifenthrin  
(0.05 mg/kg) ND ND ND ND ND 0.02 ND ND ND ND 

Cyfluthrin  
(0.3 mg/kg) ND ND ND ND ND ND 0.09 0.08 ND 0.09 

Cypermethrin 
(0.3 mg/kg) 0.03 0.03 0.16 0.12 0.40 0.02 1.45 2.08 0.04 1.99 

Diazinon  
(0.01 mg/kg) ND ND ND ND ND 0.02 ND ND ND ND 

Ethion  
(2 mg/kg) 19.40 20.67 4.63 3.71 11.35 0.20 ND ND 1.30 ND 

Fipronil  
(0.005 mg/kg) ND ND ND ND ND ND ND ND ND 0.01 

Lambda-
cyhalothrin  
(0.2 mg/kg ) 

ND ND ND ND 0.09 0.03 0.07 0.07 ND 0.11 

Malathion  
(7 mg/kg) ND ND ND ND ND ND 1.42 3.27 0.58 1.96 

Metalaxyl  
(5 mg/kg) ND ND 0.30 0.24 1.79 ND 0.03 0.03 ND 0.03 

Paclobutrazol 
(0.01 mg/kg) 0.03 0.02 ND ND ND ND ND ND ND ND 

Prothiofos  
(0.01 mg/kg) ND ND 0.11 0.06 ND ND ND ND 0.87 ND 

Pyridaben  
(0.01 mg/kg) 0.70 0.76 ND ND 0.05 0.04 0.03 0.09 0.04 0.05 

Tebuconazole 
(0.01 mg/kg) ND ND ND ND ND ND 1.76 1.21 0.17 1.27 

Tetradifon  
(0.01 mg/kg) ND ND ND ND ND ND 0.01 0.02 ND ND 

LOD = 0.01 mg/kg, ND : not detected 
 

 
  

   
    

(super market)     
 (MRL) 

  387 . . 2560   (
, 2564) 
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Effect of Harvesting Index on Physico-chemical Qualities of Date Palm cv. Barhi 
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Pavalee Chompoorat1,2,3, Pimnaphat Chaowuttiphat1, Wutthikorn Onta1, Sukanda Saeheng1, Kal Kalayanamitra1,3and  
Prawphan Jomngam1,2,3  

 
Abstract 

Effect of harvesting index on physico-chemical qualities of date palm cv.  Barhi was investigated.  Fruit 
samples were weekly harvested during 17-27 weeks after pollination.  Fruit size and, weight, as well as the 
changes of appearance, total soluble solids, and level of astringency were measured.  The results revealed that 
physico-chemical qualities of date palm were significantly different during 17-27 weeks after pollination.  The 
samples could be grouped into 3 harvesting ranges; namely, 1) 17-20 weeks after pollination 2) 21-24 weeks after 
pollination and 3) 25-27 weeks after pollination. Herein, date palm harvested at 25-27 weeks after pollination had 
higher total soluble solids (28.66-34.25% ) than the fruit harvested at 17-20 weeks after pollination (5.30-7.90% ). 
The fruit harvested at 17-20 weeks after pollination; however, had higher level of astringency than those harvested 
at 25-27 weeks after pollination. Nonetheless, harvesting at 17-27 weeks after pollination had no significant effects 
on size and weight of date palms (p>0.05).   
Keywords: harvesting index, after pollination, date palm 
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   ( ) 
   1)  

  0 = , 1 = 
 1-25%, 2 =  26-50%, 3 =  51-75%  4 =  76-100%  2) 

(total soluble solids; TSS)  Digital Hand-held Pocket Refractometer (model 
PAL-1, Atago Co., Tokyo, Japan) 

 Duncan s new multiple range test (DMRT)  95% 
 

 
  

20   25   8  (Table 1) 
 (p>0.05)   

 17  27  1-11  17  27 
  

  
 

Table 1  Width, length and weight of date palm cv. Barhi recorded weekly from 17 to 27 weeks after pollination.   

Parameters 
Maturity stage (weeks after pollination) 

17 18 19 20 21 22 23 24 25 26 27 
Width (mm) 22.1a 22.9a 22.4a 22.0a 22.3a 22.5a 22.6a 22.53a 22.57a 22.65a 22.72a 
Length (mm) 26.2ab 25.8ab 26.5ab 26.0ab 25.8ab 26.7a 27.25a 27.34a 26.91a 25.22b 26.44ab 
Weight (g) 8.4abc 7.9abc 7.7bc 8.3abc 8.1abc 8.5a 7.92abc 8.47bc 8.43abc 7.78c 7.92abc 
Different letters in the same column denote significant differences at p<0.05. 
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  3   1)  1-4 (  17-20 ) 2) 
 5-8 (  21-24 )  3)  9-11 (  25-27 

)   1-4  5.30-7.90%  
  9-11  25-27  

 28.66-34.25% (Figure 1)  (TSS)  
  (Abd Elwahab et al., 2019) 

 5 (  21 ) (
)   (Figure 2) 

Feygenberg et al. (2010) 
 

  TSS   17 %   Figure 2 
 

 3   1   9-11 (  25-27 ) 
 (Procyanidins) 

  
 (Hammouda et al,. 2013) 

 
Figure 1  Total soluble solids of date palm cv. Barhi measured weekly from 17 to 27 weeks after pollination. 

Means with different letters are significantly different at p<0.05. 
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Figure 2  Astringency ratings of date palm cv. Barhi conducted weekly from 17 to 27 weeks after pollination. 

Means with different letters are significantly different at p<0.05. 
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 Chitosan-based Multicoating 
 

Changes in Quality and Bioactive Compounds of Nam Dok Mai  Mango Coated with Chitosan-based 
Multicoating During Retailing 

 
 1,2  3  1,4  1,4  1,4 

Nanthawan Hadthamard1,2, Piyasak Chaumpluk3, Mantana Buanong1,4, Panida Boonyaritthongchai1,4 and Chalermchai Wongs-Aree1,4 
 

Abstract 
Rapid physiological changes during retailing of tNam Dok Maiu  mango ( Mangifera indica L. )  lead to 

deterioration and nutrition value loss.  In postharvest fruit management, chitosan was used widely to be coating 
materials integrated with other solutions for maintaining the quality of many fruits.  This research investigated the 
suitability of the molecular weight and concentration of chitosan, bound with a layer of 0 .5 %  (w/v)  polystyrene 
sulfonate (PSS) coated on mango fruit a multilayer coating. Chitosan solutions (CTS) were prepared from the high 
molecular weight (500-700 kDa; H-CTS) and medium molecular weight (310-375 kDa; M-CTS) at 2 concentrations 
of 0.5%  and 1%  (w/v). Mature green tNam Dok Maiu mangoes were coated layer by layer as CTS/PSS/CTS and 
then incubated at 25C, 65-70%  RH.   The results showed that the concentrations of chitosan affected mango 
quality more than the molecular weight.  Mango coated with 0. 5% M-CTS/ 0 . 5 % PSS/ 0. 5% M-CTS effectively 
maintained the fruit quality, especially weight loss, and firmness loss. Increasing total soluble solids, peel and pulp 
color changes, disease incidence, and reducing antioxidant compounds ( phenolic content, flavonoids content, 
and DPPH activity) were significantly high in uncoated fruits. 
Keywords: mango, chitosan, multicoating  
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���¨¤³¤nª�  �´Ê��¸Ê­µ¦¨³¨µ¥Å�Ã��µ�Á�¦¸¥¤�µ�Å�Ã��µ��ÊÎµ®�´�Ã¤Á¨�»¨¦³�́�­¼� (500-700 kDa; H-CTS) Â¨³�ÊÎµ®�´�
Ã¤Á¨�»¨¦³�́��¨µ� (310-375 kDa; M-CTS) �¸É 2 �ªµ¤Á�o¤�o� �º° ¦o°¥¨³ 0.5 Â¨³¦o°¥¨³ 1 (Ã�¥¤ª¨�n°�¦·¤µ�¦)   �Îµ�µ¦
Á� º̈°�Â��®¨µ¥�´Ê� (Å�Ã��µ�/Ã¡¨̧­Å�¦̧��́¨Ã¢Á��/Å�Ã��µ�) ���¨¤³¤nª��ÊÎµ�°�Å¤o�¸É¦³¥³Â�nÁ�¸¥ª Â öª�ÎµÅ�Á�È��¸É
°»�®£¼¤· 25 °�«µÁ�¨Á�̧¥­ �ªµ¤�ºÊ�­́¤¡´��r¦́°¥¨³ 65-70 �¨�µ¦ª·�´¥Â­��Ä®oÁ®È�ªnµ�ªµ¤Á�o¤�o��°�Å�Ã��µ�¤̧�¨�n°
�»�£µ¡�°�¤³¤nª�¤µ��ªnµ�ÊÎµ®�́�Ã¤Á¨�»¨�°�Å�Ã��µ�   ¤³¤nª��¸ÉÁ� º̈°��·ª�oª¥ M-CTS �ªµ¤Á�o¤�o�¦o°¥¨³ 0.5  �µ¤�oª¥
Ã¡¨̧­Å�¦̧��´¨Ã¢Á���ªµ¤Á�o¤�o�¦o°¥¨³ 0.5 Â¨³�d��oµ¥�oª¥ M-CTS �ªµ¤Á�o¤�o�¦o°¥¨³ 0.5 Á�}�­£µª³�¸É�̧�¸É­»�Ä��µ¦¦́�¬µ
�»�£µ¡�°�¤³¤nª� Ã�¥Á�¡µ³�µ¦¨�­¼�Á­̧¥�ÊÎµ®�´�­�Â¨³�ªµ¤Â�n�Á�ºÊ° �´Ê��¸Ê¤³¤nª��¸ÉÅ¤nÅ�oÁ� º̈°��·ª¤̧�¦·¤µ��°�Â�È��¸É
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�¦·¤µ�¢eÃ� ·̈� �¦·¤µ�¢¨µÃª�°¥�r Â¨³�·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³Ä�¦¼��°� DPPH) ¨�¨�¤µ��ªnµ¤³¤nª��¸ÉÁ� º̈°��·ª
°¥nµ�¤̧�´¥­Îµ�́��µ�­�·�· 
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¤³¤nª��ÊÎµ�°�Å¤oÁ�}��¨Å¤o�¦·Ã£�­»��¸É°»�¤�oª¥­µ¦�oµ�°�»¤¼¨°·­¦³­Îµ�́�®¨µ¥��·� °¸��´Ê�¥́�Á�}��¨Å¤o�¸É­¦oµ�

¤¼¨�nµ­¼�Ä®o�¦³Á�«Å�¥ («¦·��¦, 2558)  �µ¦Á�¨̧É¥�Â�¨��µ�­¦̧¦ª·�¥µ¦³®ªnµ��µ¦­»�Ä��nª��µ¦ªµ��Îµ®�nµ¥ �ÎµÅ�­¼n�µ¦Á­̧¥
�»�£µ¡ Ã�¥Á�¡µ³�µ¦Á�·�Ã¦�Â°�Â�¦�Ã�­ �¹É�¤̧΅�¬�³Á�}��»�­̧�ÎµÂ¨³°µ�¦»�Â¦��¹��´Ê��ÎµÄ®o¤³¤nª�Á�nµÁ­̧¥ ­n��¨Ä®o
¤³¤nª�¤̧°µ¥»�µ¦Á�È�¦́�¬µ­́Ê� (Mattoo & Modi, 1969) Å�Ã��µ�Á�}�°�»¡´��r�°�Å��·��¸É�·¥¤Ä�oÁ� º̈°��·ª�́�Â¨³�¨Å¤o 
Á�ºÉ°��µ�Á�}�­µ¦�¸É­µ¤µ¦��¦·Ã£�Å�o°¥nµ��¨°�£´¥ ­µ¤µ¦��ª��»¤�µ¦Â¡¦n�nµ��°��ÊÎµÂ¨³°µ�µ«Å�o�̧ Â¨³¤̧�»�­¤�´�·�oµ�
�» ·̈��¦̧¥rÅ�o®¨µ¥��·� �{��»�´�¤̧�µ¦�ÎµÅ�Ã��µ��¸É¤̧�¦³�»�ª��´��́�­µ¦�nµ���·��¸É¤̧�¦³�»¨� Á¡ºÉ°�¦́��¦»��»�­¤�́�·Ä®o�̧¥·É��¹Ê� 
(Arnon-Rips & Poverenov, 2018) �¹��nª¥¦́�¬µ�»�£µ¡�°�¤³¤nª� (Djioua et al., 2010) Â¨³Á¤ n̈°� (Poverenov et al., 
2014) Å�o Ä��µ�ª·�´¥�°� Hadthamard et al. (2019) Ä�o­µ¦¨³¨µ¥Ã¡¨̧­Å�¦̧��́¨Ã¢Á��Á�}�­µ¦�¦³�»¨� Á¡ºÉ°�nª¥Ä®oÅ�Ã�
�µ�Â���¦³�»Â¨³�Îµ�µ�Å�o�̧¥·É��¹Ê� °¥nµ�Å¦�È�µ¤ �¦³­·��·£µ¡�°��µ¦Ä�oÅ�Ã��µ��¹Ê�°¥¼n�́��ÊÎµ®�´�Ã¤Á¨�»¨Â¨³�ªµ¤Á�o¤�o�
�¸ÉÁ®¤µ³­¤�́��Îµ�ª��́Ê�Á� º̈°� (Singburaudom & Piasai, 2011; Jongsri et al., 2016) �µ�ª·�´¥�¸Ê�¹��o°��µ¦«¹�¬µ�µ¦
Á�¨̧É¥�Â�¨��»�£µ¡Â¨³­µ¦­Îµ�́�Ä�¤³¤nª��ÊÎµ�°�Å¤o¦³®ªnµ��µ¦ªµ��Îµ®�nµ¥ ®΅��µ�Á� º̈°��·ª¤³¤nª��oª¥ chitosan-
based multicoating �¸É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨Â¨³�ªµ¤Á�o¤�o�Â���nµ��́� 

 
 

1.  
Å�Ã��µ�  (chitosan; CTS; Sigma-aldrich)  �ÊÎ µ®�´�Ã¤Á¨�»¨­¼� (H-CTS: 500-700 kDa) Â¨³�µ��¨µ� (M-

CTS:310-375 kDa) �¼�¨³¨µ¥Ä�­µ¦¨³¨µ¥°³�·�·��ªµ¤Á�o¤�o� 0.5% Á¡ºÉ°Ä®oÂ�n¨³�ÊÎµ®�´�Ã¤Á¨�»¨¤̧�ªµ¤Á�o¤�o� 0.5% Â¨³ 
1% (Ã�¥¤ª¨�n°�¦·¤µ�¦)  �µ��´Ê��¦́��nµ�ªµ¤Á�}��¦�Ä®oÅ�o 3  ­nª�Ã¡¨̧­Å�¦̧��́¨Ã¢Á�� (polystyrene sulfonate, PSS; 
Sigma-aldrich) ¨³¨µ¥Ä��ÊÎµ�΅É�Ä®oÅ�o�ªµ¤Á�o¤�o� 0.5% (Ã�¥¤ª¨�n°�¦·¤µ�¦) Â¨³�¦́�Ä®o¤̧�nµ�ªµ¤Á�}��¦� 7 

¤³¤nª��ÊÎµ�°�Å¤oÁ�°¦r 4 °µ¥»�¦³¤µ� 95-110 ª´�®΅��°��µ� �µ��´�®ª´��¦³�ª��̧¦̧�´��r �¼��Îµ¤µ�́�Á º̈°�Á�¡µ³
�¨�¸ÉÅ¤n¤̧Ã¦� ¤̧��µ�Â¨³�ÊÎµ®�́�­¤ÉÎµÁ­¤°�¦³¤µ� 350-400 �¦́¤ Á¡ºÉ°�Îµ¤µ�Îµ�ªµ¤­³°µ��oª¥�ÊÎµ�¦³�µ Â�nÄ�­µ¦¨³¨µ¥
Ã�Á�̧¥¤Å±Ã��¨°Å¦�r�ªµ¤Á�o¤�o� 200 ppm �µ� 3 �µ�¸ Â¨³�¹É�Ä®oÂ®o� �µ��́Ê��ÎµÅ��»n¤Ä�­µ¦Á� º̈°��·ª�¸ÉÁ�¦̧¥¤Åªo ­΅�Å�¤µ 
CTS/PSS/CTS Â�n¨³�́Ê��»n¤�¦́Ê�¨³ 20 ª·�µ�̧ �µ¤�oª¥�µ¦ öµ�Ä��ÊÎµ�΅É� Â¨³�¹É�Ä®oÂ®o��n°��»n¤Ä�­µ¦Á� º̈°��´Ê��́�Å� ªµ�
Â���µ¦��¨°�Â��­»n¤­¤�¼¦�r �´�Á�}� 5 �»��µ¦��¨°�Ç ¨³ 10 �ÊÎµ Å�oÂ�n �»�Å¤nÁ� º̈°��·ª (control) �»� 0.5% H-CTS 
coating �»� 0.5% M-CTS coating �»� 1% H-CTS coating Â¨³�»� 1% M-CTS coating �ÎµÂ�n¨³�»�Å�Ä­n�³�¦oµÂ¨³Á�È�
¦́�¬µ�̧É 25+3oC �ªµ¤�ºÊ� ­́¤¡´��r 65-70% ���¦³�́É�¤³¤nª�Ä��»� control Á�·�Ã¦��¦� 100% �¹��º°Á�}��»�­·Ê�­»��µ¦«¹�¬µ 
2.  chitosan-based multicoating  

­»n¤¤³¤nª��µ�Â�n¨³�»��µ¦��¨°�¤µª·Á�¦µ³®r�»�£µ¡Â¨³­µ¦­Îµ�́��»�Ç 2 ª´� Å�oÂ�n �µ¦­¼�Á­̧¥�ÊÎµ®�´�­� �ªµ¤
Â�n�Á�ºÊ° �¦·¤µ��°�Â�È��¸É¨³¨µ¥�ÊÎµÅ�o (TSS) �¦·¤µ��¦��̧ÉÅ�Á�¦�Å�o �µ¦Á�¨̧É¥�Â�¨�­̧Á� º̈°�Â¨³Á�ºÊ° ¦o°¥¨³�°��µ¦Á�·�
Ã¦�Á¤ºÉ°¡�¤³¤nª��¸É¤̧�»�­̧�Îµ�°�Ã¦�Â°�Â�¦�Ã�­Ä®�n�ªnµ 0.5 �¤. �¦·¤µ�Á°�µ�°¨ Â¨³­µ¦�oµ�°�»¤¼¨°·­¦³�¸É­Îµ�́�Ä�
¤³¤nª� Å�oÂ�n �¦·¤µ�¢eÃ� ·̈� �¦·¤µ�¢¨µÃª�°¥�r Â¨³�·��¦¦¤�µ¦�oµ�°�»¤¼¨°·­¦³Ä�¦¼��°� DPPH  

 
 

Á¤ºÉ°Á�¦̧¥�Á�¸¥��́� control Ä�ª´�­»��oµ¥ ¡�ªnµ�µ¦Á� º̈°�®¨µ¥�́Ê��¸ÉÄ�oÅ�Ã��µ��ªµ¤Á�o¤�o� 1% ­µ¤µ¦��³¨°
�µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�´�­� (Figure 1a) Â¨³���ªµ¤Â�n�Á�ºÊ° (Figure 1b) Å�o�̧  Ã�¥¤̧�µ¦Á�·�Ã¦�Å¤n�¹� 10% Ä�ª´��¸É 8 �°�
�µ¦Á�È� (Figure 1c) �¹�Â¤oªnµ�µ¦Á� º̈°�®¨µ¥�´Ê��¸ÉÄ�oÅ�Ã��µ��ªµ¤Á�o¤�o� 0.5% ¤̧�¦³­·��·£µ¡Ä��µ¦¨��µ¦­¼�Á­̧¥
�ÊÎµ®�´�Â¨³�µ¦���ªµ¤Â�n�Á�ºÊ°�°��¨�o°¥�ªnµ�µ¦Ä�oÅ�Ã��µ� 1% Â�n�µ¦Ä�o 0.5% MCTS/PSS Å¤n¡��µ¦­³­¤Á°�µ�°¨
Ä�Á�ºÊ°¤³¤nª� Â�n¤³¤nª��¸ÉÁ� º̈°��oª¥ 0.5% H-CTS, 1% H-CTS Â¨³ 1%  M-CTS ¡�Á°�µ�°¨Ä�ª́��̧É 6 ¥·É��ªnµ�´Ê� Ä��µ¦
Ä�oÅ�Ã��µ��ªµ¤Á�o¤�o� 1% ¤̧�ªµ¤�·����·�°�­̧¦nª¤�oª¥ �º° ­̧�°�Á� º̈°�Â¨³Á�ºÊ°¥́���Á�}�­̧Á�¸¥ª�¨°��µ¦Á�È�¦́�¬µ 
(Figure 1, Table 1) 
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Figure 1 Changes in weight loss (a), fruit firmness (b), and disease incidence (c) of mangoes multicoated and 

stored at 25+3oC for 8 days. Vertical bars indicate +SD (n=10). 
 
Table 1 Effect of chitosan and polystylene sulfonate multicoating on characteristics of mangoes on day 6.  
 

 Treatments TSS (oBrix) TA (%) Hue angle of peel Hue angle of pulp 
Day 0 9.78+0.68 2.88+0.37 108.03+2.49 105.13+1.44 

Day 6 control 17.20+0.59a 0.99+0.07c 89.49+1.36c 95.50+1.33b 

0.5% H-CTS coating 15.48+0.42b 1.76+0.03b 98.73+1.7b 98.64+1.59b 

0.5% M-CTS coating 16.63+0.35ab 1.51+0.05bc 93.12+2.8b 97.06+2.48b 

1% H-CTS coating 10.62+0.89c 2.48+0.06a 102.56+1.48a 103.47+1.72a 

1% M-CTS coating 10.57+1.40c 2.25+0.04a 103.79+2.60a 102.52+2.16a 

 Treatments Phenolic content 
(μg GA/g FW) 

Flavonoid content 
(mg QE/100 g FW) 

 Antioxidant activity 
(mg/100 FW) 

Ethanol content 
(mg/g FW) 

Day 0 616.48+2.37 30.24+2.37 89.12+1.46 0 
Day 6 control 524.57+3.85c 24.93+2.48c 78.52+1.36b 0 

0.5% H-CTS coating 573.62+3.71a 26.25+2.91b 83.58+2.24a 0.01+9.86 

0.5% M-CTS coating 546.83+4.08b 26.77+1.35b 82.10+3.09a 0 
1% H-CTS coating 592.46+3.40a 28.39+1.86a 82.56+2.33a 0.05+12.35 
1% M-CTS coating 588.92+2.78a 28.48+2.00a 82.97+2.68a 0.03+13.47 

Means with the same letters within a column are not significantly different (p = 0.5). 
 

 
�µ¦Á� º̈°��·ª¤³¤nª��oª¥Å�Ã��µ�¦nª¤�́�Ã¡¨̧­Å�¦¸��́¨Ã¢Á�� ­µ¤µ¦��³¨°�µ¦Á­ºÉ°¤�»�£µ¡Â¨³�µ¦­¼�Á­̧¥­µ¦ 

­Îµ�́��°�¤³¤nª��ÊÎµ�°�Å¤oÅ�o Á¤ºÉ°Á�¦̧¥�Á�̧¥��»�£µ¡¤³¤nª��¸É�ªµ¤Á�o¤�o�Á�̧¥ª�́� �´Ê��¸É�ªµ¤Á�o¤�o� 0.5% Â¨³ 1% ¡�ªnµ 
Å�Ã��µ��¸É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨­¼�­µ¤µ¦�¦́�¬µ�»�£µ¡�°�¤³¤nª�Å�o�̧�ªnµ�µ¦Ä�oÅ�Ã��µ��̧É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨�ÉÎµ�ªnµ Á�ºÉ°��µ�
¢d r̈¤�¸ÉÁ�·��µ�Å�Ã��µ��̧É¤̧�ÊÎµ®�´�Ã¤Á¨�»¨­¼�­µ¤µ¦�Á� º̈°��·ª¤³¤nª�Å�o�̧�ªnµ �¹��ª��»¤�µ¦Â¡¦n�nµ��°�°°��·Á��Â¨³�ÊÎµ
Å�o�̧�ªnµ�oª¥ (Jongsri et al., 2016) �oª¥Á®�»�¸Ê °´�¦µ�µ¦®µ¥Ä�Â¨³Á¤Â��° ·̈�¹¤�nµ�Ç �°�¤³¤nª��¹��¼��ÎµÄ®o�oµ¨� �µ¦Ä�o
�¦�°·��¦̧¥rÄ��¦³�ª��µ¦®µ¥Ä� �µ¦Á¡·É¤�¹Ê��°��¦·¤µ��°�Â�È��¸É¨³¨µ¥�ÊÎµ �µ¦Á�oµ­¼n¦³¥³�µ¦­»� Â¨³�µ¦Á�¨̧É¥�Â�¨�­µ¦
£µ¥Ä�Á�¨ r̈�¹��oµ¨�Á�n��́� (Baldwin et al., 1999) ¦ª¤�¹��µ¦­¼�Á­̧¥­̧Á�¸¥ª�°�Á� º̈°��¸É�oµ¨� �¹É�Á�·��µ��µ¦­¨µ¥�́ª�°�
�¨°Ã¦¢d¨ r̈�µ���·�·¦·¥µ°°��·Á��́É��¸É¨�¨� (Fang et al., 1998) �ÊÎµ�¸É�³­¼�Á­̧¥Ä®o�́��¦¦¥µ�µ«£µ¥�°��³�¼��̧��ªµ��oª¥
­µ¦Á� º̈°��·ª ­n��¨Ã�¥�¦��n°�µ¦¦́�¬µ�ÊÎµ®�´�­�Â¨³�ªµ¤Â�n�Á�ºÊ°�°�¤³¤nª� (Prasad et al., 2016) Â¨³�µ¦�̧É¤³¤nª�Ä�

(a)                                                                    (b)                                                                                  (c) 
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�»�Á� º̈°��·ªÁ�·�Ã¦�Â°�Â�¦�Ã�­�o°¥¨� Á�}��¨¤µ�µ��»�­¤�´�·Ä��µ¦�oµ�Á�ºÊ°¦µ�°�Å�Ã��µ� (Singburaudom & Piasai, 
2011; Shiekh et al., 2013) �́��´Ê�Á¤ºÉ°Á¡·É¤�ªµ¤Á�o¤�o��°�Å�Ã��µ� �¹��nª¥¨��µ¦Á�·�Ã¦�Å�o�̧¥·É��¹Ê� °¥nµ�Å¦�È�µ¤ �µ¦¡�     
Á°�µ�°¨Ä�¤³¤nª��̧ÉÁ� º̈°��oª¥ 0.5% H-CTS/0.5% PSS/0.5% H-CTS Â¨³Å�Ã��µ��̧É�ÊÎµ®�´�Ã¤Á¨�»¨¦³�́��¨µ�Â¨³
¦³�́�­¼��¸É�ªµ¤Á�o¤�o� 1% Á�ºÉ°��µ�¤̧�¦·¤µ�°°��·Á��Á�oµ­¼n¤³¤nª��o°¥Á�·�Å� �¦³�´É�Á�·��¦³�ª��µ¦®µ¥Ä�Â��Å¤nÄ�o
°°��·Á�� ¤̧�µ¦� ·̈�Á°�µ�°¨Â¨³Á�·�­£µª³�µ¦­»��·����· (Baldwin et al., 1999)  �́��´Ê��µ¦Á� º̈°��·ª�oª¥ 0.5% M-
CTS/0.5% PSS/0.5% M-CTS ­µ¤µ¦��³¨°�µ¦Á�¨̧É¥�Â�¨��»�£µ¡Â¨³­µ¦­Îµ�́�Ä�¤³¤nª��ÊÎµ�°�Å¤oÅ�oÃ�¥Å¤n¡��µ¦
� ·̈�Á°�µ�°¨ �¹�Á�}�­£µª³�¸É�̧�¸É­»� 

 
 

�µ¦Á� º̈°��·ª¤³¤nª��¸É­£µª³ 0.5% M-CTS/0.5% PSS/0.5% M-CTS ­µ¤µ¦��³¨°�µ¦­¼�Á­̧¥�ÊÎµ®�´�­� �ªµ¤
Â�n�Á�ºÊ° �µ¦Á�·�Ã¦�Â°�Â�¦�Ã�­ �µ¦Á¡·É¤�¹Ê��°� TSS �µ¦¨�¨��°� TA Â¨³�µ¦­¼�Á­̧¥¢eÃ� ·̈� ¢¨µÃª�°¥�r Â¨³�·��¦¦¤
�µ¦�oµ�°�»¤¼¨°·­¦³ �°�¤³¤nª��ÊÎµ�°�Å¤o�¸ÉÁ�È�¦́�¬µ°»�®£¼¤· 25+3oC Å�o�̧�¸É­»� Â¨³Á�È�Å�o�µ��ªnµ 8 ª´�  
 

 
�µ�ª·�´¥�¸ÊÅ�o¦́��µ¦­�́�­�»�­�µ��̧ÉÂ¨³Á�¦ºÉ°�¤º°�µ�­µ�µÁ��Ã�Ã¨¥̧¡º��́�Â���¼¦�µ�µ¦ ¤®µª·�¥µ΅¥¦µ�£´�

�µ����»¦̧ Â¨³�°�°��»��µ¦­�́�­�»�­µ¦Á�¤̧Â¨³ª́��»�·��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�ª´��¦¦¤ (¦®´­Ã�¦��µ¦ PL.P3/2559) Â¨³ UGSAS, Gifu University, Japan Ä��µ¦ª·�´¥�¸Ê 
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Morphology and Physico-chemical Characters of Musa ABBB Group Kluai Tiparod  

 

 1  1  1 
Somkit Jaitrong1, Pichayanin Khootlun1 and Suchawadee Buapok1 

 

Abstract 
Morphological characters of pseudostem, leaves and inflorescence of Kluai Tiparod  [Musa ABBB group 

Kluai Tiparod ]  was investigated.  The fruit at physiological mature stage was assessed based on the standard 
maturity for banana according to fullness of fingers ( no angularity more than 90% )  with number of days from 
inflorescence removal. Then the fruit were harvested. The fruit were allowed to ripe at room temperature (30±2°C, 
65±2%) .  Banana fruit at physiological mature and fully ripe stages ( the peel color change to yellow)  were 
determined of the physic-chemical qualities (bunch weight, hand weight, fruit width, fruit length, peel color, pulp 
color, firmness, total soluble solids and titratable acidity) .  The results showed that the pseudostem height 
318. 50±69. 78 g, leaf length 179. 56±35. 27, leaf width 56. 38±9. 38 cm, inflorescence weight 624. 57±30. 91 g .
Inflorescence shape was lanceolate with acute apex, heavy waxy, bract roll back .The outside bract color was 
reddish-purple, and inside bract red, male flowers pink color with yellow stigma. Tiparod  banana took 126 days 
from inflorescence removal to reach physiological maturity.  Tiparod  banana was 10. 40±1. 27 kg per bunch,   
4.43±0.79 hands per bunch. The hand weight was 2.60±.031 kg and had 11.79±1.18 fruits per hands and weight 
271. 77±6. 819 g per fruit.  Fruit width was 5. 22±0. 30 cm, fruit length was 16. 30±0. 30 cm and peel thickness 
5.17±0.36 mm.  After stored at room temperature, it took 4.05±0.50 days for fruit to fully ripe.  Fruit firmness at 
physiological mature was 48.70±2.84 N, then decreased 7.17±1.24 N at the fully ripe stage. Total soluble solids 
and titratable acidity at fully ripe stage were 28.42±1.4 %  and 0.21±0.01%, respectively. 
Keywords: Kluai Tiparod , morphology, ABBB group 
 

 
    [Musa ABBB 

group  Kluai Tiparod ] 
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  )    
318.50±69.78 .  179.56±35.27 .  56.38±9.38 .  624.57±30.91  

        
 126   10.40±1.27 . 

4.43±0.79   2.60±0.31 .   11.79±1.18   271.77±6.19  
 5.22±0.30 .  16.30±0.30   5.17±0.36    

4.05±0.05    48.70±2.84   
7.17±1.24     28.42±1.42% 

 0.21±0.01%  
 :    ABBB 
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  Musa accuminata   diploid 2 

  M. accuminata Colla  M. balbisiana Colla  A  B  (Venkatachalam et al., 
2008)   A  B  Musa x 
paradisiaca  4  (Tetraploid ABBB) (Valmayer et al., 2000)    

    
  ( , 2558) 

   
    -

  
 

 
 

1.  
  ( ) -

    (    )  (  
    )         

    chroma meter (Chroma meter, CR-400, Konica Minolta, 
Japan)  L*, a*,b* Hue (h )  chroma 

      
      

2.  
  (26±1 -

   75±1)  
-     chroma meter  L*, chroma  Hue 

(h )  วัด        10   3   
fruit hardness tester (Force Gauge, FG520K, Daiichi, Japan)    Digital 
Pocket refractometer (PAL-1,ATAGO CO.,LTD., Japan)   0.1 N NaOH 

 AOAC (AOAC, 2006)   
 

  
1.  

   318.50±69.78 . 
    

  179.56± 35.27 .  56.38± 9.38 .   
       

624.57± 30.91      
  (Table 1 and Figure 1)  
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Table 1  Chroma value of psuedostem, leaf, outside bract, inside bract and male flowers 
    
Part of banana L* a* b* Chroma h  
Psuedostem 52.91±6.09 -4.21±1.13 24.57±2.52 25.20±4.27 98.43±6.46 
Leaf 31.98±4.89 -11.18±1.81 16.27±3.27 64.33±79.29 125.63±0.98 
Outside bract 45.83±4.44 10.17±2.07 4.06±0.80 11.53±1.03 18.96±1.49 
Inside bract 40.27±1.93 31.47±3.03 21.29±2.30 38.29±3.26 34.10±2.69 
Male flower 56.65±3.93 8.21±0.13 21.56±2.50 23.90±1.90 63.76±8.93 
Note: L*, a*, b*, chroma and ho values with an average data from 3 replications with 10 values in each replications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  Characteristics of Tiparod  banana plant, leaf, inflorescence and fruit 

 
 

2.   
 126    

    
  (Figure 1)  10.40±1.27 . 4.43±0.79  
 2.60±0.31 .   11.79±1.18   271.77±6.19   5.22±0.30 . 

 16.30±0.30 .  5.17±0.36 .  165.08±32.23   
118.63±4.99     4.05±0.05  

    L*   h  
 121.10±2.07  90.97±5.09  

(Table 2)  48.70±2.84   7.17±1.24  
  4.76±0.67  28.42±1.42%  

  0.16±0.01  0.21±0.01%  
 
 
 



.                           52   2 ( )  2564                                          39 

Table 2  Peel color at physiological mature and fully ripe stages 
 

 
Part of Banana  

Physiological mature stage Fully ripe stage  
L* chroma h  L* chroma h  

Peel color 51.28±0.58 24.41±2.07 121.10±2.07 67.46±3.36 48.82±5.33 90.97±5.09 
Pulp color 90.05±2.76 18.30±1.79 73.82±3.77 76.05±7.35 26.61±1.74 74.06±2.11 
 
 
 
 
 

      

 
 

     (  
5.22±0.30 .  16.30±0.30 .)  (  3-4 .  11-13 .) ( , 2558) 

 (  4.65±0.34 .  15.20±0.31 .) ( , 2551)  
ABB   

  
     

  
 (Amnuaysin et al., 2012) 

  ( , 2541)  
  (Fernando et al., 

2014)   
  (Sangudom et al., 2014)  

 ( , 2548)  
 

  
      

    -
    

 
 

  ( ) 
  . . 2562    27/2562 

     
 

 
 . 2541. .  2. , . 

396 . 
   . 2551. . 

 26(3): 74-82. 
   . 2548. .  5. , . 

236 . 
 . 2558. .  4. , . 512 . 
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  502   PC3 (A9)  
    

Comparison of Postharvest Quality of Snack Slim 502 and PC3 (A9) for Promoting New Careers for 
Farmers in the Marginal Highland Area; Ban Bor Meung Noi, Nahaew District, Loei Province 

 
  1    1  2 

Piyathas Tongtraibhop1, Thitima Wongsheree1  and Panida Boonyaritthongchai2 
 

Abstract 
Tomato cvs.  Snack Slim 502 (SS)  and PC3 ( A9)  were developed and bred by the National Center for 

Genetic Engineering and Biotechnology and a private sector in order to support new career for the special small 
community of marginal highland area Bor Meung Noi, Nahaew District, Loei Province. The objective of this study is 
to compare the postharvest quality of 2 cultivars of small tomato fruits for new commercial produced.  The 
tomatoes were grown during November 2020  February 2021.  Fresh fruits were harvested and transported to 
Postharvest Technology laboratory, KMUTT Bankhuntien, Bangkok. Comparison of a difference between means of 
independent samples with 4 replications by statistic test (t-test). The both tomato fruits are cylindrical shape, but 
the tip of SS fruit is pointed shape whereas PC3 fruit is rounded shape. The color of both tomato cultivars were 
expressed as values of tomato fruit, L* , a* , b* , chroma and hue angle showed no significant differences in both 
fruit.  However, the SS fruits is significantly higher TSS. /TA ratio and pH than PC3 variety difference.  However, 
titratable acidity and firmness were not significantly different (p< 0.05). It was concluded that the two varieties of 
tomatoes did not differences in some physical and chemical properties can encourage farmers to grow for 
commercial purposes.  
Keywords:  fresh tomatoes, new career, marginal highland  
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 (TSS)  (TA) 
 (TSS/TA ratio) -  
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 Pre-Test Speed 1  mm/sec, Test Speed 2 mm/sec, Post-Test Speed 10 mm/sec, Distance 5 mm, 

Trigger Force 0.049 N 
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 (TSS/TA ratio) -   PC3 

 (p< 0.05)  (TA)  (firmness)  
(Table 1) 
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Figure 1  Appearance of tomato fruit cv. Snack Slim (A) and PC 3 (B) varieties. 
  
Table 1  Peel color total soluble solids (TSS), titrated acidity (TA), total soluble solids/ titrated acid ratio (TSS/TA 

ratio), pH and firmness of tomato fruit cv. Snack Slim (SS) and PC3. 
Treatments Peel color TSS TA TSS/TA 

ratio 
pH Firmness 

(%) (N) 
 L* a* b* c h°      

SS 40.63 19.16 24.55 31.17 52.03 8.43a 0.41 21.16a 5.25a 4.19 
PC3 44.62 19.38 25.97 32.44 53.18 7.05b 0.51 14.12b 5.10b 4.87 

F-Test ns Ns ns ns Ns ** ns * * ns 
C.V.% 11.75 4.67 5.82 4.76 2.88 1.81 19.62 17.87 1.61 21.67 

  
 

 (TSS)  7.1-
8.4%   4.2-4.9   

 TSS  8.0% ( ,2555)  SS  pH, 
TSS  TSS/TA  PC3  

     
  

     
 

 (2 )  
  

 
 

 
   

 
 

    
     

B 

A 
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 1-MCP  
Effect of Ethylene and 1-MCP on Bud and Open Flower Senescence in Dendrobium Khao Sanan  Orchid 

 
  

1,2  1,2   1,2 

Kansinee Thapo1,2, Peerayut Sirithanakorn1,2 and Anchaya Mongkolchaiyaphruek1,2 
 

Abstract 
The effects of ethylene and 1-MCP on bud and open flower senescence of Dendrobium Khao Sanan  

orchid were studied. The orchid inflorescences were treated with 0 and 500 ppb 1-MCP for 3 hours at 25 oC and 
then were fumigated with 0 and 0.4 ppm ethylene for 24 hours. The treated inflorescences were placed at room 
temperature (25 ± 2 °C) , 70-80 %  relative humidity for 15 days.  The experiment was conducted in Completely 
Randomized Design ( CRD)  with four treatments, ten replications which one inflorescence per replication.  The 
result showed that the flowers treated just only ethylene were dramatically senescent; the incidence of epinasty, 
drooping, yellowing, wilting and dropping of bud and open flowers, as well as the ethylene production and 
respiration rate increased significantly higher than those of other treatment flowers (p ≤  0.05) .  The severity of 
senescence symptoms, ethylene production and respiration rate occurred in bud flowers more than the open 
flowers. Moreover, the percentages of flower drooping in the bud and open flowers were 34.2 ± 6.6 and 67.7 ± 5.7 
%, respectively which were detected within 2 days, and 18.5 ± 2.5 % of bud yellowing was shown in a vase after 2 
days.  In contrast, 1-MCP could prevent and delay senescence of orchid flowers.  Fifty percent of senescent 
flowers were found in the flowers treated with only 1-MCP, 1-MCP prior to ethylene, and without 1-MCP and 
ethylene (control) on day 13, 11 and 6 of experiment, respectively. 
Keywords: senescence, orchid inflorescences, ethylene 

 
 

  1-Methylcyclopropene (1-MCP) 
  1-MCP  0 ppb  500 ppb  
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 (25 ± 2 )  70-80   15  

  4   10   1   
       

 (p ≤ 0.05) 
  
 34.2 ± 6.6  67.7 ± 5.7    2 

 18.4 ± 2.5   2   1-MCP 
  50   1-MCP 

  1-MCP   1-MCP  ( ) 
 13, 11  6   
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.                           52   2 ( )  2564                                          47 

  
  1-MCP 

 
 (Figure 3)  

Figure 1  Senescence symptoms of bud (A, B and C) and open (D, E and F) flowers. Inflorescences were treated 
with 0 ppb 1-MCP + 0 ppm C2H4 (control) ( ), 0.4 ppm C2H4 ( ), 500 ppb 1-MCP ( ) and 
500 ppb 1-MCP + 0.4 ppm C2H4 ( ). 

 

 
Figure 2  Drooping incidence of Dendrobium Khao Sanan  orchid flowers treated with 0 ppb 1-MCP + 0 ppm 

C2H4 (control), 0.4 ppm C2H4, 500 ppb 1-MCP and 500 ppb 1-MCP + 0.4 ppm C2H4 on day 0, 3, 7, 11 
and 15.  

Figure 3  Ethylene production and respiration rate of bud (A and B) and open (C and D) flowers. Inflorescences 
were treated with 0 ppb 1-MCP + 0 ppm C2H4 (control) ( ), 0.4 ppm C2H4 ( ), 500 ppb 1-MCP 
( ) and 500 ppb 1-MCP + 0.4 ppm C2H4 ( ) 

Control 

C2H4 

1-MCP 

1-MCP + C2H4 

  0    3          7           11          15      3            7           11         15  
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 QoI  DMI  Colletotrichum siamense  
 benzimidazole 

Cross-resistance to the QoI and DMI Fungicides in Benzimidazole-resistant Colletotrichum siamense;  
Causal Agent Mango Anthracnose Disease 

 
 1,2  1,2  1,2 

Ratiya Pongpisutta1,2, Chainarong Rattanakreetakul1,2 and Santiti Bincader1,2 
 

Abstract 
Anthracnose disease affects to quantity and quality of mango production. Nowadays, disease controlling 

method apply by using fungicide which more efficient to against mango anthracnose. Whilst fungicide resistance 
occurred influencing to disease control failure because the farmer uses the fungicide for very long period. Other 
fungicide classes as a new choice for the grower should be tried. The objective of this research was to investigate 
fungicide resistance of Colletotrichum siamense isolate RB006.  The results showed that the fungi can grow on 
PDA containing benzimidazole fungicide at the concentration of 1,000 mg/ L.  Molecular detection showed the 
mutation of amino acid at codon E198A compared with reference sequence. Cross-resistance with QoI fungicides 
indicated that C. siamense RB006 can be grown on high concentration at 1,000 mg/L, while it could not grow on 
DMI fungicides ( inhibitory concentration at 10  100 mg/ L) .  This research was a preliminary study of fungal 
resistance to comprehend and learn how to protect and reduce fungal resistance affecting control of plant 
pathogenic fungi from this point forward. 
Keywords: cross-resistance, mango disease, fungicide chemical  

  
 

 
   

   
 Colletotrichum siamense  RB006  

 benzimidazole 
 1,000 mg/L   codon E198A 

  C. siamense RB006  
QoI  1,000 mg/L  DMI (  10  
100 mg/L)  

   
:    

 

 
  cross-resistance 

  Mahoney and Tattar . . 1980 
 single-site   

 benzimidazole  benomyl, thiophanate-methyl  carbendazim (Prakash and Pandey, 2000; Devi   
et al., 2014)   

 
 (Fungicide resistance action committee: FRAC, 2020) 
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 QoI (quinone-outside inhibitor)  azoxystrobin, kresoxim-methyl  pyraclostrobin 
 DMI (demethylation inhibitors)  cyproconazole, difenoconazole  prochloraz 

 benzimidazole  Colletotrichum 
  2   

    
 Ma and Michailides (2005)  

 benzimidazole   
 

  Colletotrichum siamense 
 benzimidazole  QoI 

 DMI   
 

 
1.  

 Colletotrichum siamense  RB006 ( ITS-accession number: MK215699.1)  
     

  potato dextrose agar (PDA)  near UV  12  
 Pongpisutta et al. (2013)  protease  phenol chloroform isoamyl alcohol 

(25:24:1)   RNA  RNase  
chloroform isoamyl alcohol (24:1)  absolute alcohol  1.2% 
agarose gel electrophoresis  1XTBE buffer  -20°C  
2.  benzimidazole 

 C. siamense  RB006   PDA  5  
 minimum inhibitory concentration (MIC)  cork borer  0.6 

cm  24 microwell plate  PDA  benzimidazole  3  
 benomyl, carbendazim  thiophanate methyl  6   0 (control), 0.1, 1.0, 10.0, 

100.0  1,000 mg/L  near UV  12   25°C  
  (2563)   7   

 198 
 ß -tubulin gene  TB2 L (5  GTTTCCAGATCACCCACTCC 3 ) and TB2 R (5  

TGAGCTCAG GAACACTGACG 3) (Peres et al., 2004) 
 C. gloeosporioides f. sp. aeschynomene  

3.  
 C. siamense  RB006  PDA  5  

 minimum inhibitory concentration (MIC)  cork borer  0.6 cm 
 24 microwell plate  PDA  QoI   3   

azoxystrobin, kresoxim-methyl  pyraclostrobin  DMI  3   cyproconazole, 
difenoconazole  prochloraz  6   0 (control), 0.1, 1.0, 10.0, 100.0  1,000 mg/L 

 near UV  12   25°C  
  (2563)   7  

 

 
 1.  

 C. siamense  RB006  PDA  5   
  (spore mass)    

   1   4.78  7.50 x 7.35  14.29 
  setae  appressorium  clavate  irregular  
 Pongpisutta et al. (2013)  80   RNA 
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2.  benzimidazole 
 C. siamense  RB006  benzimidazole  3 

  3   
(1,000 mg/L)  3   ß-tubulin gene 

 C. gloeosporioides f. sp. aeschynomene   
1,285  1,287   (GAG →GCG)  (E198A)  
3.  

 QoI   3   pyraclostrobin 
  10 mg/L  

 azoxystrobin  kresoxim-methyl   (100 mg/L)  
 7  C. siamense  3  (  

1,000 mg/L)  DMI    3   3 
  0.1 mg/L ( ) 

 7   10 mg/L  100 mg/L 
  

 
 
 
 

Fungicide classes MIC assay (mg/L)* 
3 days 7 days 

Benzimidazole    
Benomyl >1,000 >1,000 
Carbendazim >1,000 >1,000 
Thiophanate methyl >1,000 >1,000 
QoI    
Azoxystrobin 100 >1,000 
kresoxim-methyl 100 >1,000 
pyraclostrobin 10 >1,000 
DMI    
Cyproconazole 0.1 10 
Difenoconazole 0.1 100 
Prochloraz 0.1 10 
 
 
 
 

 
 C. siamense  RB006 

  benzimidazole 
 benzimidazole   codon 198  

Nalumpang et al. (2010)  Poti et al. (2020)  Colletotrichum  
benzimidazole  codon  198 (E198A)  glutamic acid  
alanine  (U14138)   (Buhr and Dickman, 1993) 

 QoI  3    C. siamense  

*  Completely Randomized Design (CRD) 
 3  

Figure 1 Colony of C. siamense isolate RB006 on 
PDA culture contained with different 
fungicides. 

Table 1  Efficiency of different fungicide classes to 
control  benzimidazole-resistant 
Colletotrichum siamense isolate RB006 
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 RB006  benzimidazole   Tachiro et al. (2019) 
  benzimidazole 

 
 QoI   DMI 

  FRAC (2020)  DMI 
  

   
  

  
 

 
 C. siamense  RB006  benzimidazole 

 QoI   single-site 
 DMI   C. siamense  
  DMI  

 

 
    
 .      
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 Aspergillus flavus  afl R 
Detection of Aflatoxin Producing Aspergillus flavus with the Primer afl R 

 
 1,2  1  1,2   1 

Chainarong Rattanakreetakul1,2, Sansern Rangsuwan1, Ratiya Pongpisutta1,2 and Pisut Keawmanee1 
 

Abstract 
Aspergillus flavus is important to agricultural product quality. The fungal pathogen can be found during 

the post-harvest period.  The fungi are causal of aflatoxin produce in grain, which was toxic to consumers.  In 
nature, some A.  flavus strains showed nonaflatoxin production.  Therefore, the aflatoxin detection procedure is 
essential to evaluate the fungal contamination in the agricultural product. In our study, A. flavus were isolated from 
maize grain in Nakhon Pathom province.  The fungi were divided into groups:  group 1; fungi produce a high 
number of sclerotia with less conidial head (AF1) .  Group 2 is highly conidial head produce and fewer sclerotia 
(AF2). Both A. flavus groups showed an orange color under colony growth in Aspergillus flavus and parasiticus 
agar ( AFPA) .  The aflatoxin content was highly observed in the AF1 fungal group with a pink to reddish color 
beneath the fungal colony grown in Yeast extract sucrose ( YES)  medium after the 25%  ammonium hydroxide 
vapor.  PCR determination with afl R primers ( aflatoxin gene)  can amplify the DNA amplicon size 500 bp for A. 
flavus, at 700 bp for A. niger, and 1200 bp for Fusarium sp.  It referred the afl R primers can used for a quality 
control process with the amplicon size at 500 bp on the detection of the toxigenic A. flavus. While the YES medium 
can differentiate the aflatoxin producing A.  flavus to each colony.  This method needed to consider the fungal 
genus, which has color beneath the fungal colony and can disturb the outlook of activity. 
Keywords: Aflatoxin, PCR detection, Food safety 

 
 

Aspergillus flavus  
  A. flavus 

 
 

 A. flavus   A. flavus   1  A. 
flavus  sclerotium   conidial head  (AF1)  2  A. flavus 

 conidial head   sclerotium  (AF2)  A. 
flavus  Aspergillus flavus and parasiticus agar (AFPA)  A. flavus 

   Yeast extract sucrose agar 
(YES)  25%   AF1

  afl R (aflatoxin gene) 
 A. flavus  DNA  500 bp A. niger  700 bp  Fusarium sp.  1200 bp 
  A. flavus  afl R  

 YES  A. flavus  
 

:    
 

                                                           
1       73140 
1 Department of Plant pathology, Faculty of Agriculture at Kamphaeng Sean, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140 
2     . 10400 
2 Postharvest Technology Innovation Center, Ministry of Higher Education, Science, Research and Innovation, Bangkok 10400. 
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   Aspergillus flavus, 

Aspergillus parasiticus  Aspergillus nominus    
 

  
 

 A. flavus  
  coconut oil agar (  

, 2558)  25%   
  A. flavus 

 L   S  
  

 aflR  A. flavus  
 

 
1.   A. flavus  

  A. flavus  sclerotium   conidial head 
 (AF1), A. flavus  conidial head   sclerotium 

 (AF2) (  , 2561)   A. niger  Fusarium spp. 
 Aspergillus flavus and parasiticus agar (AFPA) (Corry et al., 1995)  Yeast extract 

sucrose agar (YES)   5-7   YES  25% 
   AFPA 

 A. flavus  
 
2.  aflR Primer  aflatoxin 

 DNA  4   A. flavus (Af8  Af17) A. niger  Fusarium sp. 
 DNA Plant Genomic DNA Kit (Tiangen, China)  PCR  Taq 

DNA polymerase (Fermentas)  aflR1 (5 - AGA ATA GCT TCG CAG GGT GGT -3 )  aflR2 (5 - AGT 
CTG GGA GGA ACG GAT CG -3 ) (Kim et al., 2011)  PCR  initial denature  94  

 5  denature  94   30  annealing  56.5   30  extension  
72   1   30   PCR product  agarose gel electrophoresis 

 1.2%  14   amplicon size  
DNA  DNA  
 

 
1.    

 3   A. flavus A. niger  Fusarium spp. 
 AFPA  7   A. flavus (AF1, AF2)  

 A. flavus (Fig 1-A)  A. niger  Fusarium sp. 
 A. flavus 

 YES  Aspergillus sp.   AF1 
 sclerotium   A. niger   Fusarium sp. 

  25%  
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 A. flavus AF1  (Fig 1-C)  A flavus AF2   
A. niger  (Fig 1-B)  Fusarium sp.  (Table 1) 

 

 
Figure 1  Aspergillus flavus reverse of colony character on A) orange color on AFPA medium, B) YES medium 

without color transform, C) pink color on YES medium after 25% ammonium hydroxide fumigation 
 
Table 1  Fungal colony of atoxigenic and toxigenic Aspergillus flavus on AFPA and YES media 

Media Toxigenic A. flavus 
(AF1) 

Atoxigenic A. flavus 
(AF2) 

A. niger Fusarium sp. 

AFPA Orange Orange Clear color Clear color 
YES Pink color  Clear color Clear color Pink color 

 
2.  afl R  

 primer afl R  3  A. 
flavus (Af8, Af17) A. niger  Fusarium spp.  A. flavus (Af8, Af17)   
PCR product size  500 bp  A. niger  Fusarium sp.  PCR product size 

 500 bp  
                               ITS       M           aflR 

 
Figure 2  Agarose gel electrophoresis of PCR product with ITS primers (left) and aflR (right) (Lane 1-4: ITS 1/4 

primers); 1) AF1; 2) AF2; 3) Fusarium spp.; 4) A. niger; 5) Marker 1 kb DNA Ladder marker, (Lane 6-9: 
aflR primers); 6) AF1; 7) AF2; 8) Fusarium spp.; 9) A. niger 

 
 

 A. flavus  AFPA  
 conidial head   AF1  sclerotium  AF2  (  

, 2563)  A. flavus  AFAP  A. flavus 
 A. parasiticus  iron ammonium citrate (Bothast and Fennell, 1974; Adhikari et al., 2021) 

 aspergillic acid   
 25%  YES  

 Alkhersan et al. (2016) 
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  Fusarium sp.  
 aflR primer   Kim et al. (2011); Bintvihok et al. (2016 

 Zhang et al. (2020)  A. flavus  
 afl R  

   afl R  amplicon size  500 bp  
AF1  AF2  DNA   afl R 

  DNA  
 

 
 A. flavus  YES  A. flavus 

  PCR  A. flavus           
  afl R primer  DNA  500 bp. 
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 Colletotrichum capsici  
 

Diversity of Colletotrichum capsici Causing Chilli Anthracnose and Fungicide Responsiveness 
 

 1  1  1  1  1  1  
 1 

Ratiya Pongpisutta1, Chainarong Rattanakreetakul1, Santiti Bincader1, Chutima Nimnual1, Thanyaluk Thaitae1, Nutchanart Srisuk1  
and Supananya Chansri1 

 
Abstract 

Twenty isolates of Colletotrichum capsici causing chilli anthracnose collected from 10 provinces were 
investigated in this study. Fungal diversity based on physiological and morphological studies were separated into 
7 groups. Pathogenicity test was examined on chilli fruit cv.  Bang Chang. Typically, anthracnose symptom was 
measured after 5 days inoculation period with 36. 84 y 63. 41%  disease severity.  Six different fungicides as 
common chemical used in farm was inspected to control anthracnose disease.  The result revealed that 
prochloraz, tebuconazole and difenoconazole at the recommended rate could inhibit mycelia of all isolates, 
completely.  Whilst azoxystrobin and carbendazim could inhibit few isolates.   Moreover, mancozeb could not 
obstruct whole isolates. Therefore, the fungal diversity is a factor contributing to the different chemical responses 
of fungi.  This may be caused by the chemical mutation because of single treatment with the same fungicide to 
control anthracnose disease in the field for a long time. 
Keywords: anthracnose, fungicide, diversity 
 

 
�ÎµÁ�ºÊ°¦µ Colletotrichum capsici ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­¡¦·� �Îµ�ª� 20 Å°Ã�Á¨� �¹É�¦ª�¦ª¤�µ� 10 �´�®ª´� ¤µ

«¹�¬µ�ªµ¤®¨µ�®¨µ¥�µ��¸ª£µ¡�°�Á�ºÊ°¦µ °µ«́¥΅�¬�³�µ�­¦̧¦ª·�¥µÂ¨³­́��µ�ª·�¥µ Â�n�Á�ºÊ°¦µ°°�Á�}� 7 � »̈n¤ 
��­°��ªµ¤­µ¤µ¦�Ä��µ¦Á�·�Ã¦����¨¡¦·�¡´��»r�µ��oµ� ª´���µ�Â�¨�µ�°µ�µ¦Ã¦�Â°�Â�¦�Ã�­���¨¡¦·�Ä�ª́��¸É 5 
®΅��µ¦� ¼̈�Á�ºÊ° ¡�¡ºÊ��̧É�µ¦Á�·�Ã¦� Á�nµ�́� 36.84 y 63.41 % �µ��µ¦��­°��¦³­·��·£µ¡�°�­µ¦Á�¤̧ 6 ��·� �¹É�Á�}�
­µ¦Á�¤̧�¸ÉÄ�o�n°¥Ä�Â�¨�Á¡ºÉ°�ª��»¤Ã¦�Â°�Â�¦�Ã�­ �¨�µ¦��¨°�¡�ªnµ­µ¦Á�¤̧ prochloraz, tebuconazole Â¨³ 
difenoconazole �¸É°´�¦µÂ�³�Îµ­µ¤µ¦�¥́�¥́Ê��µ¦Á�¦·��°�Á­o�Ä¥Á�ºÊ°¦µÅ�o°¥nµ�¤̧�¦³­·��·£µ¡  Ä���³�¸É­µ¦Á�¤̧ 
azoxystrobin Â¨³ carbendazim ­µ¤µ¦��ª��»¤Á�ºÊ°¦µÅ�oÁ¡¸¥��µ�Å°Ã�Á¨� �°��µ��̧Ê¥́�¡�ªnµ­µ¦Á�¤̧ mancozeb Å¤n
­µ¤µ¦��ª��»¤Á�ºÊ°¦µ�»�Å°Ã�Á¨�Å�o �́��´Ê��ªµ¤®¨µ�®¨µ¥�µ��¸ª£µ¡�°�Á�ºÊ°¦µÁ�}��{��´¥�¸É­n��¨Ä®oÁ�ºÊ°¦µ¤¸�µ¦�°�­�°�
�n°­µ¦Á�¤̧�¸ÉÂ���nµ��́� �´Ê��¸Ê°µ�Á�·��µ��µ¦�¦³�»o��oª¥­µ¦Á�¤̧Ä®oÁ�·��¨µ¥¡́��»r �¸ÉÁ�·��µ��µ¦Ä�o­µ¦Á�¤̧��·�Á�·¤Ä��µ¦
�ª��»¤Ã¦�Â°�Â�¦�Ã�­Ä�Â�¨�Á�}�¦³¥³Áª¨µ�µ� 

: Ã¦�Â°�Â�¦�Ã�­ ­µ¦Á�¤̧�j°��́��Îµ�́�Á�ºÊ°¦µ �ªµ¤®¨µ�®¨µ¥�µ��̧ª£µ¡ 
 

 
Á�ºÊ°¦µ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­�°�¡¦·�Ä��¦³Á�«Å�¥­µ¤µ¦��ÎµÂ��Ã�¥°µ«́¥΅�¬�³�µ�­́��µ�ª·�¥µ ¦nª¤�́�

�µ¦Ä�oÁ���·��µ�°�¼�¸ªÃ¤Á¨�»¨Å�o®¨µ�®¨µ¥��·� (species)  Â¨³®�¹É�Ä���·��¸É¤̧�µ¦�¦ª�¡�¤µ��¸É­»��º° Colletotrichum 
capsici (Imjit et al., 2013; Suwannarat et al., 2017) �¹É�Á�ºÊ°¦µ��·��́�� n̈µª­µ¤µ¦�Á�oµ�Îµ¨µ¥Â¨³­n��¨Ä®oÁ�·�Ã¦�Â°�
Â�¦�Ã�­�́�¡¦·�Å�o®¨µ¥­µ¥¡´��»r Á�n� ¡¦·�®¥ª� ¡¦·�Á® º̈°� ¡¦·��̧Ê¢jµ Á�}��o� Â�n­µ¤µ¦��n°Ã¦�Å�o�o°¥�́�¡¦·��¸Ê®�¼ (­¤«·¦·, 
2521) �µ�¦µ¥�µ��¨�µ¦ª·�´¥Â¨³¡´��µ�°��¦¤ª·�µ�µ¦Á�¬�¦ Ã�¥�µ¦�·¡¥r Â¨³��³ (2561) ¡�ªnµ¡ºÊ��¸É� ·̈�¡¦·��¸É­Îµ�́�
�°��¦³Á�«Å�¥¥́���¡��µ¦Â¡¦n¦³�µ��°�Á�ºÊ°¦µ Colletotrichum spp. Ã�¥Á�¡µ³ C. capsici �°��µ��̧ÊÄ�¦µ¥�µ��°�¦´�·
¥µ Â¨³ª¦µ�́��r Ä��e ¡.«. 2553 Å�o�Îµ�µ¦Á�È��́ª°¥nµ�Á�ºÊ°¦µ­µÁ®�» Ã¦�Â°�Â�¦�Ã�­�°�¡¦·�Ä��¦³Á�«Å�¥�µ�¡ºÊ��¸É� ¼̈�

                                                           
1 £µ�ª·�µÃ¦�¡º� ��³Á�¬�¦ �ÎµÂ¡�Â­� ¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r ª·�¥µÁ���ÎµÂ¡�Â­� �. ��¦��¤ 73140 
1  Department of Plant Pathology, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140 
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¡¦·� 15 �´�®ª´� 32 °ÎµÁ£° 44 Â® n̈�� ¼̈� Å�o�́ª°¥nµ��́Ê�®¤� 389 Å°Ã�Á¨� �ÎµÂ��Á�ºÊ°¦µ�µ�΅�¬�³�µ�­́��µ�ª·�¥µ
Á�ºÊ°��o� ¡�Á�ºÊ°¦µ C. capsici ¤µ��¹� 40.10% Ä�Â�n¨³¡ºÊ��¸É�°��¦³Á�« °¸��´Ê�¥́�­µ¤µ¦�¡�Á�ºÊ°¦µ�¸ÊÅ�oÄ�¡ºÊ��¸É� ¼̈��¸É¤̧
¦³�́��ªµ¤­¼��µ��ÊÎµ�³Á¨�´Ê�Â�n 4 - 380 m 

�ªµ¤®¨µ�®¨µ¥�µ��¸ª£µ¡�°�Á�ºÊ°¦µÄ�­�»¨ Colletotrichum �¸É�n°��oµ�­¼� (Cannon et al., 2012) Â¨³�ªµ¤Â�¦�¦ª�
�°�Á�ºÊ°¦µ�¸ÉÁ�È¥¤µ�µ�¡ºÊ��¸É�¸É¤̧�ªµ¤Â���nµ��µ�­£µ¡£¼¤·«µ­�¦r °µ�­n��¨Ä®oÁ�ºÊ°¦µ Colletotrichum ¤̧�ªµ¤­µ¤µ¦�Ä��µ¦°¥¼n¦°�
Â���nµ��́� Â¨³°µ�¤̧�¨�n°�µ¦�ª��»¤�µ¦Á�¦·��°�Á�ºÊ°¦µÃ�¥�µ¦Ä�o­µ¦Á�¤̧Å�o (Srideepthi et al., 2017) �µ�ª·�´¥�¸Ê �¹�Å�o�́�Á º̈°�
�́ªÂ��Á�ºÊ°¦µ C. capsici ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­¡¦·��µ�¡ºÊ��¸ÉÄ�Â�n¨³£¼¤·£µ��°��¦³Á�«Å�¥ ¤µ��­°��µ¦�°�­�°��n°
­µ¦Á�¤̧ azoxystrobin, carbendazim Â¨³ difenoconazole �¹É�Á�}�­µ¦Á�¤¸�¸ÉÂ�³�ÎµÁ�¬�¦�¦Á¡ºÉ°Ä�oÄ��µ¦�ª��»¤Á�ºÊ°¦µÃ¦�Â°�
Â�¦�Ã�­¤µ¥µª�µ� �Îµ¤µ«¹�¬µÄ�¦³�́�®o°���·�´�·�µ¦Á¡ºÉ°�¼�µ¦�°�­�°��n°­µ¦Á�¤̧�j°��́��Îµ�́�Á�ºÊ°¦µ�°�Á�ºÊ°¦µ C. capsici �¸É
¤̧�ªµ¤®¨µ�®¨µ¥�µ��̧ª£µ¡ �¹É��³�ÎµÄ®o¤̧�o°¤¼¨Ä��µ¦�´��µ¦Ã¦�Â°�Â�¦�Ã�­�°�¡¦·�Å�o°¥nµ�¤̧�¦³­·��·£µ¡¤µ��¹Ê� 
 

 
1.  

�ÎµÁ�ºÊ°¦µ C. capsici ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­�°�¡¦·��Îµ�ª� 20 Å°Ã�Á¨� �µ� 9 �´�®ª´��°��¦³Á�«Å�¥ Å�o¦́�
�ªµ¤°�»Á�¦µ³®r�µ�®o°���·�´�·�µ¦Á�ºÊ°¦µ £µ�ª·�µÃ¦�¡º� ��³Á�¬�¦ �ÎµÂ¡�Â­� �Îµ¤µÁ¨̧Ê¥���°µ®µ¦Á¨̧Ê¥�Á�ºÊ° potato 
dextrose agar (PDA) �n¤Ä�oÂ­� near UV ­΅�¤º� 12 �´ÉªÃ¤� °»�®£¼¤· 25°C �µ� 5 ª´� ¦³�»�ªµ¤®¨µ�®¨µ¥�µ��̧ª£µ¡
Ã�¥°µ«́¥�o°¤¼¨�°�΅�¬�³Ã�Ã¨�̧ �µ¦Á�¦·��°�Á­o�Ä¥��°µ®µ¦Á¨̧Ê¥�Á�ºÊ° Â¨³�µ¦�°�­�°��n°Â®¨n��µ¦r�°�Â�n¨³��·� 
(glucose, sucrose, cellulose) �µ��́Ê��Îµ�o°¤¼¨�¸ÉÅ�o¤µ­¦oµ�Â���́�ª·Á�¦µ³®r�ªµ¤­́¤¡´��rÄ�¦¼�Â���°� binary data (1= 
present; 0= absent) �Îµ�µ¦ª·Á�¦µ³®rÃ�¥Ä�oÃ�¦Â�¦¤ DARWin version 6.0.21 �oª¥ DICE (Dice similarity coefficient) 
Â¨³�́�� »̈n¤�ªµ¤®¨µ�®¨µ¥�oª¥ª·�¸ UPGMA (Unweighted pair-group method with averages) �¸É�nµ bootstrap 1,000 �ÊÎµ 
2.  

��­°��ªµ¤­µ¤µ¦�Ä��µ¦�n°Ã¦��°�Á�ºÊ°¦µ�´Ê� 20 Å°Ã�Á¨� Ã�¥Ä�o­�°¦rÂ�ª�¨°¥ (spore suspension) �ªµ¤
Á�o¤�o� 106 spore/ml �¦·¤µ�¦ 50 μl ®¥�¨����¨¡¦·�¡´��»r�µ��oµ��¸É�nµ��µ¦�nµÁ�ºÊ°¡ºÊ��·ª�oª¥ 1.2% sodium hypochlorite 
�µ��´Ê��n¤Ä�� n̈°��n¤�ºÊ��µ� 8 �´ÉªÃ¤� �Îµ¤µªµ�ÅªoÄ�­£µ¡°»�®£¼¤·®o°� �¦ª�­°��µ¦Á�·�Ã¦�Â¨³ª́���µ�Â�¨�»�ª´� ��
�¦� 5 ª´� ªµ�Â���µ¦��¨°�Â�� Completely Randomized Design (CRD) Â�n¨³�¦¦¤ª·�¸¤̧ 5 �ÊÎµ 
3.  

Á º̈°��́ªÂ���°�Á�ºÊ°¦µ C. capsici �µ��µ¦Â�n�� »̈n¤Ä��µ¦��¨°��¸É 1   �Îµ�ª� 1 Å°Ã�Á¨�/group �Îµ¤µÁ¨̧Ê¥���
°µ®µ¦Á¨̧Ê¥�Á�ºÊ° PDA °µ¥» 5 ª´� �µ��´Ê�Ä�o cork borer ��µ�Á­o��nµ�«¼�¥r�¨µ� 6 mm Á�µ³�¦·Áª��°�Ã�Ã¨�¸¥oµ¥¨�°µ®µ¦
Á¨̧Ê¥�Á�ºÊ° PDA �¸É�­¤­µ¦Á�¤̧ 6 ��·� Å�oÂ�n azoxystrobin, carbendazim, difenoconazole, mancozeb, prochloraz Â¨³ 
tebuconazole �ªµ¤Á�o¤�o��µ¤°´�¦µÂ�³�Îµ�°�Â�n¨³­µ¦Á�¤̧ �µ��́Ê��ÎµÅ��n¤Ä�oÂ­� near UV ­΅�¤º� 12 �´ÉªÃ¤� °»�®£¼¤· 
25°C ª´��µ¦Á�¦·��°�Á­o�Ä¥Á�ºÊ°¦µ�»�ª´� ���¦� 5 ª´� ªµ�Â���µ¦��¨°�Â�� CRD Â�n¨³�¦¦¤ª·�¸¤̧ 5 �ÊÎµ �Îµ�ª�®µ�nµ 

 %inhibition = (control y treatment/control) x 100  
 

 
1.  

Á�ºÊ°¦µ C. capsici �Îµ�ª� 20 Å°Ã�Á¨� (Figure 1) Á�¦·�Å�o¦ª�Á¦Èª��°µ®µ¦Á¨̧Ê¥�Á�ºÊ° ­¦oµ�Á­o�Ä¥­̧�µª �¹�Á�µ Á�¦·�
¢¼�µ��·ª®�oµ°µ®µ¦ ¡��µ¦­¦oµ�� »̈n¤­�°¦r (spore mass) �o°��́�Á�}�ª�­̧�¦̧¤ �¹�­̧­o¤Â�¨¤n°� ��µ�Ã�Ã¨�̧�¸É¤̧°µ¥» 5 ª´� ¤̧
�nµ 3.30 y 5.00 cm �µ��µ¦�¦ª�­°�Ä�o� ö°��»¨�¦¦«�r �¸É�Îµ΅��¥µ¥ 40X ¡�­�°¦rÄ­Å¤n¤̧­̧ (hyaline) ¤̧ 1 Á�¨ r̈ ¦¼�¦nµ�
� öµ¥Á­̧Ê¥ªª�¡¦³�́��¦r (falcate) ��µ��¦³¤µ� 2.89 - 3.41 (3.20) x 16.74 - 24.86 (21.25) m (Figure 1) ­¦oµ� setae ­̧
�ÊÎµ�µ¨­ªnµ� ¦¼�¦nµ�Á¦̧¥ª¥µª �¨µ¥Â®¨¤ 2 - 3 Á�¨ r̈ ��µ��¦³¤µ� 3.07 - 7.13 (6.34) x 23.59 - 486.03 (139.93) m 
(Figure 1) �¦ª�­°��ªµ¤®¨µ�®¨µ¥�µ��¸ª£µ¡Ã�¥�µ¦­¦oµ�Â���́��ªµ¤­́¤¡´��r�oª¥ª·�¸ UPGMA ­µ¤µ¦�¦³�»Â¨³
�ÎµÂ��Á�ºÊ°¦µ C. capsici �Îµ�ª� 20 Å°Ã�Á¨� Å�o°°�Á�}� 7 � »̈n¤ (group 1 y group 7) Ä�¦¼�Â���°� binary data ¤µ
ª·Á�¦µ³®rÂ¨³­¦oµ�Á�}� neighbor-joining phylogenetic tree (r = 0.9952) (Figure 2) 
2.  

�ªµ¤­µ¤µ¦�Ä��µ¦Á�·�Ã¦�Â°�Â�¦�Ã�­�´��¨¡¦·�¡´��»r�µ��oµ��°�Á�ºÊ°¦µ�´Ê� 20 Å°Ã�Á¨� ¡�ªnµ®΅��µ¦�n¤Á�ºÊ°
Á�}�¦³¥³Áª¨µ 3 ª´� �¨¡¦·�Â­��°µ�µ¦�°�Ã¦�Â°�Â�¦�Ã�­ Ã�¥¤̧Â�¨�»�¥»��́ª ¡��µ¦­¦oµ�� »̈n¤­�°¦r­̧�¦̧¤�¹�­o¤�¦·Áª�
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Â�¨ Â¨³Á¤ºÉ°�¦� 5 ª´� ¡�ªnµÂ�¨¥»��́ª¤̧�µ¦­¦oµ��»�­̧�Îµ Á�¦·��o°��́�Á�}�ª��́�Á�� Ã�¥¡�ªnµÁ�ºÊ°¦µÅ°Ã�Á¨� CM049 �µ�
�´�®ª´�Á�̧¥�Ä®¤n ¤̧�ªµ¤­µ¤µ¦�Ä��µ¦�ÎµÄ®oÁ�·�Ã¦�­¼��¹É�¤̧¡ºÊ��¸É�µ¦Á�·�Ã¦�Á�nµ�́� 63.41% Ä���³�¸ÉÅ°Ã�Á¨� NRS037 �µ�
�´�®ª´���¦¦µ�­̧¤µ ¤̧�ªµ¤­µ¤µ¦�Ä��µ¦�ÎµÄ®oÁ�·�Ã¦��o°¥�¸É­»� ¤̧¡ºÊ��¸ÉÁ�nµ�́� 36.84% (Figure 1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.  
¡�ªnµ�́ªÂ��Á�ºÊ°¦µÂ�n¨³� »̈n¤¤̧�µ¦�°�­�°��n°­µ¦Á�¤¸ mancozeb Ä��·«�µ�Á�̧¥ª�́� Ã�¥�¸É­µ¦Á�¤̧��·��¸ÊÅ¤n

­µ¤µ¦�¥́�¥́Ê��µ¦Á�¦·��°�Á­o�Ä¥Á�ºÊ°¦µ C. capsici �´Ê� 7 � »̈n¤ Å�o  Ä���³�¸É­µ¦Á�¤̧ prochloraz Â¨³ tebuconazole 
­µ¤µ¦�¥́�¥́Ê��µ¦Á�¦·��°�Á�ºÊ°¦µ�´Ê� 7 � »̈n¤ Å�o�̧ Á�·� 50%  ­nª�­µ¦Á�¤̧ azoxystrobin �´Ê� ¡��µ¦¥́�¥́Ê�Á�ºÊ°¦µ�´Ê� 7 � »̈n¤Å�o
Â���nµ��́� Ã�¥�ª��»¤Á�ºÊ°¦µ C. capsici Å°Ã�Á¨� PKK046 Â¨³ PKK059 Å�o�n°��oµ��ÉÎµ ¤̧�nµ�µ¦¥́�¥́Ê��µ¦Á�¦·��°�Á­o�Ä¥
Á�nµ�́� 25.18 Â¨³ 6.15% �µ¤ Î̈µ�́� 

  
Table 1  Percent inhibition of Colletotrichum capsici mycelial growth on poisoned food incubated under near UV 

with alternative darkness 12 hrs, 25°C at day5 of incubation period 

Groups 
Representative 

isolate 
Percent of inhibition (%) 1/ 

azoxystrobin carbendazim difenoconazole mancozeb prochloraz tebuconazole 
1 KCB016 87.45 -4.60 83.89 -4.60 87.45 87.45 
2 NST025 83.33 69.40 -49.25 -24.38 85.07 85.07 
3 UBR101 73.00 87.04 87.04 -5.18 87.04 87.04 
4 NKP090 85.29 73.53 85.29 -0.49 85.29 85.29 
5 PKK046 25.18 -19.90 85.61 -19.90 71.22 67.63 
6 PKK059 6.15 -18.20 85.82 -18.20 85.82 51.06 
7 SSK037 59.76 76.63 76.63 -20.48 65.06 85.54 

1/ Column values followed by the same letter are not significantly different (P=0.05) 
 

�°��µ��¸Ê¥́�¡�ªnµ­µ¦Á�¤̧ difenoconazole �´Ê� �ª��»¤Á�ºÊ°¦µ 6 � »̈n¤ Å�o�́Ê�Â�n 76.63-87.04% Â�nÅ¤n­µ¤µ¦�
�ª��»¤Á�ºÊ°¦µ NST025 Å�o Ã�¥¡�ªnµ¥́�¤̧�µ¦Á�¦·�Å�o�̧Á¤ºÉ°Á�¦̧¥�Á�¸¥��́��µ¦��¨°��ª��»¤ �nµ�µ¦¥́�¥́Ê��µ¦Á�¦·��°�Á­o�
Ä¥ Á�nµ�́� -49.25% ­Îµ®¦́�­µ¦Á�¤̧ carbendazim �´Ê� ¡�ªnµ­µ¤µ¦�¥́�¥́Ê��µ¦Á�¦·��°�Á­o�Ä¥Á�ºÊ°¦µ � »̈n¤ 2, 3, 4 Â¨³ 7 Å�o 
69.40, 87.04, 73.53 Â¨³ 76.63% �µ¤ Î̈µ�́� Â�nÅ¤n­µ¤µ¦��ª��»¤Á­o�Ä¥Á�ºÊ°¦µ� »̈n¤ 1, 5 Â¨³ 6 �¹É�¤̧�µ¦¥´�¥́Ê��·�Á�}�        
-4.60, -19.90 Â¨³ -18.20% �µ¤ Î̈µ�́� (Table 1)  

Figure 1 Colony of Colletotrichum capsici on PDA after 5 
days of incubation period, morphological characters 
under compound microscope at 40X magnification and 
pathogenicity assay on chilli fruits cv. Bang Chang. 

Figure 2 Neighbor-joining tree produced by using 
binary data of morphology, physiology and carbon 
source responding, then 20 isolates of Colletotrichum 
capsici  were separated into 7 groups. 
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®µ�Á�¦̧¥�Á�¸¥��µ¦�°�­�°��°�Á�ºÊ°¦µ C. capsici �µ�¡ºÊ��¸É�nµ�Ç �n°­µ¦Á�¤̧ 6 ��·� ¡�ªnµ­µ¤µ¦�Â�n�Á�ºÊ°¦µ
°°�Á�}� 3 � »̈n¤ Å�oÂ�n � »̈n¤�¸É 1 Å°Ã�Á¨� KCB016, PKK046 Â¨³ PKK059 �¹É�Â¥�Á�ºÊ°¤µ�µ�¡ºÊ��¸ÉÄ��́�®ª´��µ����»¦̧Â¨³ 
�¦³�ª��̧¦̧�´��r  �µ¤ Î̈µ�́� ¡ºÊ��¸É¤̧�ªµ¤­¼��µ�¦³�́��ÊÎµ�³Á¨ 10-30 Á¤�¦ ¤̧�µ¦�°�­�°��n°­µ¦Á�¤̧��·�Á�̧¥ª�́�Á�}�Å�
�·«�µ�Á�̧¥ª�́� Â�nÅ¤n�°�­�°��n°  carbendazim Â¨³ mancozeb ­Îµ®¦́�Å°Ã�Á¨� PKK046 Â¨³ PKK059 �¹É�Â¥�Å�o�µ�
�́ª°¥nµ�Ã¦�Â°�Â�¦�Ã�­¡¦·�Ä�¡ºÊ��¸É�´�®ª´��¦³�ª��̧¦̧�´��r �°�­�°��n°­µ¦Á�¤̧ azoxystrobin Å�oÁ¡¸¥�Á¨È��o°¥ � »̈n¤�¸É 2 
Å°Ã�Á¨� NST025 �´Ê� Â¥�¤µ�µ�¡ºÊ��̧É¤̧�ªµ¤­¼��µ�¦³�´��ÊÎµ�³Á¨ 35 Á¤�¦ Â���nµ��µ�Á�ºÊ°¦µ�´Ê� 6 � »̈n¤ Ã�¥¡�ªnµÅ¤n
�°�­�°��n°­µ¦Á�¤̧ difenoconazole Â¨³ mancozeb Â¨³� »̈n¤�¸É 3 Å°Ã�Á¨� UBR101  NKP090 Â¨³ SSK037 �¸ÉÂ¥�Á�ºÊ°
�µ�¡ºÊ��¸É�´�®ª´�°»�¨¦µ��µ�¸ ��¦��¤ Â¨³«¦̧­³Á�¬ �µ¤ Î̈µ�́� ¡ºÊ��¸É¤̧�ªµ¤­¼��µ�¦³�´��ÊÎµ�³Á¨ 68 -123 Á¤�¦ ¡�ªnµÅ¤n
�°�­�°��n°­µ¦Á�¤̧ mancozeb Á¡¸¥�­µ¦Á�̧¥ª  
 

 
�µ�¦µ¥�µ�®¨µ¥��́�� n̈µª�¹��µ¦�ÎµÂ��Â¨³«¹�¬µ�µ¦�°�­�°��°�Á�ºÊ°¦µÄ�­�»¨ Colletotrichum �n°­µ¦Á�¤̧ 

¡�ªnµÁ�ºÊ°¦µ­�»¨�́�� n̈µª�¸ÉÂ¥�Å�o�µ�¡ºÊ��¸É�¸É¤̧�ªµ¤Â���nµ��́��µ�£¼¤·«µ­�¦r ¤̧΅�¬�³¢eÃ�Å��m�¸ÉÂ���nµ��́� Â¨³¤̧�µ¦
�°�­�°��n°­µ¦Á�¤̧Â���nµ��oª¥Á�n��́� ®µ��³� n̈µªªnµ�µ¦�°�­�°��n°­µ¦Á�¤̧�̧ÉÂ���µ��́��´Ê�®¤µ¥�¹��µ¦�oµ��µ��n°
­µ¦Á�¤̧�´Ê�Ç Å�o�oª¥Á�n��́� (Gang et al., 2015; Srideepthi et al., 2017; Torres-Calzada et al., 2015) �µ��µ¦«¹�¬µ
�¦³­·��·£µ¡�°�­µ¦Á�¤̧Ä��µ¦�ª��»¤Á�ºÊ°¦µÃ�¥°µ«́¥�ªµ¤®¨µ�®¨µ¥�µ��¸ª£µ¡Â¨³¤¸­£µ¡£¼¤·«µ­�¦r (�ªµ¤­¼��µ�
¦³�́��ÊÎµ�³Á¨) Á�}��{��´¥ �ÎµÄ®o¡·�µ¦�µªnµ�ª¦�³Ä�o­µ¦Á�¤̧��·�Ä��¸É�³�ª��»¤Á�ºÊ°¦µ C. capsici ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­
¡¦·��»�� »̈n¤Å�o°¥nµ��¦°�� »̈¤ �³Á�}�°¸�Â�ª�µ�®�¹É�Ä��µ¦�nª¥Á® º̈°Á�¬�¦�¦Ä��µ¦�ª��»¤Ã¦��́�� n̈µªÄ®o¤̧�¦³­·��·£µ¡ 
Â¨³¨��ªµ¤Á­̧¥®µ¥�°��¨� ·̈�Å�o¤µ�¥·É��¹Ê��n°Å� 
 

 
Á�ºÊ°¦µ C. capsici ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­�n°�Â¨³®΅��µ¦Á�È�Á�̧É¥ª�°�¡¦·� ¤̧�ªµ¤®¨µ�®¨µ¥�µ��̧ª£µ¡�¹É�Á�}�

�¨¤µ�µ��{��´¥­£µ¡Âª� ö°¤�µ�£¼¤·«µ­�¦r �ÎµÄ®o¤̧΅�¬�³�µ�­´��µ�ª·�¥µ Â¨³�µ¦�°�­�°��n°­µ¦Á�¤̧�j°��́��Îµ�́�
Á�ºÊ°¦µ�µ���·�Â���nµ��́� �¹É�°µ�Á�}��¨�ÎµÄ®o�µ¦�ª��»¤Ã¦�Â°�Â�¦�Ã�­�°�¡¦·�Ä�Â�n¨³¡ºÊ��¸É¤̧�¦³­·��·£µ¡¤µ��o°¥
Â���nµ��́�Å�Á�·��¹Ê�Å�o 
 

 
�°�°��»�®o°���·�´�·�µ¦¦µª·�¥µ £µ�ª·�µÃ¦�¡º� ��³Á�¬�¦ �ÎµÂ¡�Â­� ¤®µª·�¥µ΅¥ Á�¬�¦«µ­�¦r ª·�¥µÁ��

�ÎµÂ¡�Â­� ­Îµ®¦́��µ¦Á°ºÊ°Á¢g�°Á�ºÊ°¦µ�̧ÉÄ�oÄ��µ¦«¹�¬µ ­�µ��¸É Â¨³°»��¦�rÄ��µ¦�Îµª·�´¥ 
 

 
�µ¦�·¡¥r £µ­�»�¦, °£·¦́��r ­¤§��·Í, °¤¦¦´��r �·�Ä�Á�̧¥ª Â¨³ ¤³Ã�¦́��r ­»�­�ª�. 2561. «¹�¬µ��·�Â¨³Á���µ¦Â¡¦n�¦³�µ¥�°�¦µ 

Colletotrichum spp. ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­¡¦·�. ¦µ¥�µ��¨�µ�ª·�́¥Â¨³¡´��µ�e¡.«. 2561, �¦¤ª·�µ�µ¦Á�¬�¦, �¦»�Á�¡². 
¦́�·¥µ ¡�«r¡·­»��µ Â¨³ ª¦µ�´��r ª·��¦́��r. 2553. �µ¦«¹�¬µ�ªµ¤®¨µ�®¨µ¥�µ��̧ª£µ¡�°�Á�ºÊ°¦µ­µÁ®�»Ã¦�Â°�Â�¦�Ã�­¡¦·�. ¦µ¥�µ���́�

­¤�¼¦�r, «¼�¥r¡´��»ª·«ª�¦¦¤Â¨³Á��Ã�Ã¨¥̧�̧ª£µ¡Â®n��µ�· ­Îµ�´��µ�¡´��µª·�¥µ«µ­�¦rÂ¨³Á��Ã�Ã¨¥¸Â®n��µ�·, �¦»�Á�¡². 
­¤«·¦· �·Ìª­�»¨. 2521.  Á�¦»n¤ª·�¥µ �µ¦�nµ¥�°��µ�Á¤ È̈��°�Ã¦�Â°�Â�¦�Ã�­�°�¡¦·�Â¨³�¦³­·��·£µ¡�°�­µ¦Á�¤¸Ä��µ¦�ª��»¤Ã¦���Ä�. 

ª·�¥µ�·¡��r�¦·��µÃ� ¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r, �¦»�Á�¡². 
Cannon, P. F., U. Damm, P.R. Johnston and B.S. Weir. 2012. Colletotrichum - current status and future directions. Studies in 

mycology 73(1): 181-213. 
Imjit, N., C. Rattanakreetakul and R. Pongpisutta. 2013. Polymerase chain reaction based detection of chili anthracnose. Acta 

Horticulturae 973; 199-206. 
Srideepthi R., U. Lakshmisahitya, D. Peddakasim, P. Suneetha and M.S.R. Krishna. 2017. Morphological, pathological and molecular diversity 

of Colletotrichum capsici inciting fruit rot in chilli (Capsicum annuum L). Research Journal of Biotechnology 12(4): 14 y 21. 
Suwannarat, S., S. Steinkellner, P. Songkumarn and S. Sangchote. 2017. Diversity of Colletotrichum spp. isolated from chili pepper 

fruit exhibiting symptoms of anthracnose in Thailand. Mycological Progress 16(7): 677-686. 
Gang, G. H., H.J. Cho, H.S. Kim, Y.B. Kwack and Y.S. Kwak. 2015.  Analysis of fungicide sensitivity and genetic diversity among 

Colletotrichum species in sweet persimmon. The plant pathology journal 31(2): 115y122.  
Torres-Calzada, C., R. Tapia-Tussell, I. Higuera-Ciapara, R. Martin-Mex, A. Nexticapan-Garcez and D. Perez-Brito. 2015. Sensitivity of 

Colletotrichum truncatum to four fungicides and characterization of thiabendazole-resistant isolates. Plant Disease 99(11): 
1590 y 1595. 



Agricultural Sci. J. 52 : 2 (Suppl.) : 61-64 (2021)  . . . 52 : 2 ( ) : 61-64 (2564) 

 
Survey of Postharvest Fruit Rot Disease of Longan  

 
 1  2    2,3  2,3,4   1,2 

Aimalin Pipattanapuckdee1, Danai Boonyakait2, Chantalak Tiyayon2,3, Pimjai Seehanam2,3,4  and On-Uma Ruangwong1,2 
 

Abstract 
Postharvest fruit rot disease of longan was survey in longan orchard at Chiang Mai, Lamphun and Phrae 

provinces during August-October 2018.  A total 34 fruit rot samples were collected and 140 fungal isolates were 
obtained from these samples.  Classification of fungal isolates according to their spore morphology, the identified 
isolates were Lasiodiplodia sp. (35.72%), Pestalotiopsis sp. (17.85%), Colletotrichum sp. and Phomopsis sp. (5% each), 
Fusarium sp. (3.57% ), Cladosporium sp. (1.42% ) and unidentified fungus (31.42% ) (not produced spore on culture 
medium).  Moreover, Lasiodiplodia sp. was the predominant fungal species found in all areas. In the pathogenicity test, 
Lasiodiplodia sp.  caused the most severe symptoms.  From the results of this study, it will bring to further 
experiment for biological control of postharvest fruit rot disease of longan caused by these fungi. 
Keywords: longan, fruit rot, Lasiodiplodia sp. 

 
 

   
-  . . 2561  34   

 140    
 35.722%   Lasiodiplodia sp., 17.85%  Pestalotiopsis sp., 5%  Colletotrichum sp. 

 Phomopsis sp., 3.57%  Fusarium sp., 1.42%  Cladosporium sp.  31.42%    
   Lasiodiplodia sp. 

   Lasiodiplodia sp. 
 

  
:   Lasiodiplodia sp. 
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  Lasiodiplodia sp., 17.85%  Pestalotiopsis sp. , 5%  

Colletotrichum sp.  Phomopsis sp., 3 .57%   Fusarium sp., 1.42%   Cladosporium sp. (Figure 2)  
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Table 1  Number of longan fruit rot samples and fungi isolated from longan orchard at Chiang Mai, Lamphun and 
Phrae  province 

Source of longan Number of fruit rot samples Number of fungi (isolate) 
Province District 
Chiang Mai Saraphi 4 16 

Mae Chaem 1 9 
Fang 1 23 
Mae Taeng 5 11 
Hang Dong 3 12 
San Pa Tong 8 37 

Lamphun Mueang  6 9 
Ban Hong 1 7 
Ban Thi 1 3 
Pa Sang 3 7 

Phrae Mueang  1 6 
Total 34 140  

 

 
Figure 1 Fruit rot symptom and fruit cracking on longan 

 

 
Figure 2 Fungal pathogens caused postharvest fruit rot disease of longan 
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(2010)  Lasiodiplodia sp.   Serrato-Diaz et al. 
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   6  

  4    1    Lasiodiplodia sp.   
35.72%   

 
 

     
  

      
 

 
Chang-Ngern, P., U. Sardsud, W. Pathomaree, P. Chantrasri and E. Chukeatirote. 2010. Diversity of molds in fresh longan. Agriculture 

Science Journal 41: 322 24. 
Dissanayake, A.J., W. Zhang, L. Mei, E. Chukeatirote, J.Y. Yan, X.H. Li and K.D. Hyde. 2015. Lasiodiplodia pseudotheobromae 

causes pedicel and peduncle discoloration of grapes in China. Australasian Plant Disease Notes 10(1): 1 5.  
Drinnan, J. 2004. Longans postharvest handling and storage. In Rural Industries Research and Development Corporation. [Online]. 

Available Source: https://www.agrifutures.com.au/wp-content/uploads /publications/03-125. (11 January 2011). 
Munirah, M.S., A.R. Azmi, S.Y.C. Yong and A.I.M.Z. Nur. 2017. Characterization of Lasiodiplodia theobromae and L. 

pseudotheobromae causing fruit rot on pre-harvest mango in Malaysia. Plant Pathology Quarantine 7(2):202-213. 
Netto, M.S.B., I.P. Assunção, G.S.A. Lima, M.W. Marques, W.G. Lima, J.H.A. Monteiro, V. de Queiroz Balbino, S.J. Michereff, A.J.L. 

Phillips and M.P.S. Camara. 2014. Species of Lasiodiplodia associated with papaya stem-end rot in Brazil. Fungal Diversity 
67(1): 127 141.  

Rosado, A.W.C., A.R. Machado, F.C.O. Freire and O.L. Pereira. 2016. Phylogeny, identification, and pathogenicity of Lasiodiplodia 
associated with postharvest stem-end rot of coconut in Brazil. Plant Disease 100: 561-568. 

Serrato-Diaz, L.M., L.I. Rivera-Vargas, R. Goenaga and R.D. French-Monar. 2014. First report of Lasiodiplodia theobromae causing 
inflorescence blight and fruit rot of longan (Dimocarpus longan L.) in Puerto Rico. Plant Disease 98(2): 279. 

Sultana, R. and H. Rahman. 2018. Characterization of Lasiodiplodia pseudotheobromae associated with citrus stem-end rot disease 
in Bangladesh. International Journal of Biosciences 13(05): 252 262. 

Zhang, J. 2014. Lasiodiplodia theobromae in citrus fruit (Diplodia stem-end rot). p. 309-335. In S. Bautista-Baños (ed). Postharvest 
Decay Control Strategies. USA: Academic Press.   

 
 
 



Agricultural Sci. J. 52 : 2 (Suppl.) : 65-68 (2021)  . . . 52 : 2 ( ) : 65-68 (2564) 

 
 . 107  

Effect of Radio Frequency Heating on Anthocyanin Content in  
Purple Rough Rice cv. Kumjao CMU 107 

 
 1  1,2*  1,3   4,5*   1,5 

Wornwimol Wangspa1, Nattasak Krittigamas1,2*, Viboon Changrue1,3, Yaowaluk Chanbang 4,5* and Nadthawat Muenmanee1,5 
 

Abstract 
Purple rice cv. Kumjao CMU 107 was breeding by Chiang Mai University researcher team.  The rice grain 

was characterized by black or purple color of pericarp layer with anthocyanin content as antioxidant.  However, 
there are many reports that heating affected to the decrease in anthocyanin content.  The objective of this 
experiment was to determine the effects of radio frequency (RF) heat treatment with 27.12 MHz at temperature of 
55, 60 and 65°C for 180 seconds on purple rough rice cv. CMU 107, which those temperatures and time has the 
efficacy in controlling stored insect pests.   The results showed that anthocyanin content significantly decreased 
(P<0.05) from all RF temperatures compared to untreated purple rice (30.22±3.9 mg/100 g).  Anthocyanin content 
with RF for 180 seconds at 55, 60 and 65ºC were 24.00±3.5, 24.99±2.7 and 17.57±0.9 g/100 mg, respectively.  
Nevertheless, RF heat treatment of 60°C for 180 seconds not only low affected to anthocyanin content in purple 
rice cv. Kumjao CMU 107 but also it can be used to effectively control in several of stored product insects, such 
as rice moth,  lesser grain borer, saw-toothed grain beetle and rice weevil.  
Keywords: radio frequency, anthocyanin, purple rice cv. Kumjao CMU 107 
 

  
 . 107   

    
 

 27.12  MHz  55, 60  65   180   
 . 107  

   
 (P<0.05)  (30.22±3.9 /100 ) 
 55, 60  65    24.00±3.5, 24.99±2.7  17.57±0.9 
/100    60   180  

  . 107  
      

:    . 107  

 

 
1      10400 
1Postharvest Technology Innovation Center, Ministry of Higher Education, Science, Research and Innovation, Bangkok 10400, Thailand. 
2    .  50200 
2Department of Plant Science and Soil Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand 
3    .  50200 
3Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, Chiang Mai 50200, Thailand 
4    .  50200 
4Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand 
5    .  50200 
5Postharvest Technology Research Center, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand 
*Corresponding author: nattasak.k@cmu.ac.th, lukksu@hotmail.com 



            52  2 ( )  2564   .      

 
66 

 
 . 107  105 

  (pericarp)  
  ( , 2561; Pusadee et al., 2019) 

   (antioxidant)  (anti-inflammatory) 
  (Oki et al., 2002; Wang et al., 

2007; Yamuangmorn et al., 2018a)   
 

 
     (Togola 

et al., 2013; Srivastava and Subramanian, 2016)  (radio frequency, RF) 
  27.12 MHz   55-65 

  180  (  , 2551;  , 2552;  , 2557; Wangspa  
et al.,2015   ; 2564)  
(Bhawamai et al., 2016)   

 55-65°C  180   . 107  
 

 
1.  . 107  

  . 107  Completely Randomized 
Design (CRD)  3   300   27.12 MHz  55, 
60  65   180    

 
 

2.  
 pH-differential (Abdel-Aal and Hucl, 1999)  0.5 

   0.1 %    10   150 
  30   3,000  15  

 2    2    
(0.025 M, pH 1.0)   (0.4 M, pH 4.5)  1:100 

 520  700   UV-VIS Spectrophotometer (Analytik Jena SPECORD 40, USA)  
 

 
                                Anthocyanin content = (A × MW × DF × 1000)/ ε × L  
 

 A    (A520 nm - A700 nm) pH 1.0 - (A520 
nm - A700 nm) pH 4.5  MW  -3-   449.2   DF  dilution 
factor  ε   molar absorptivity  26,900 L   1   
66  (analysis of variance)  least significant 
different (LSD)  95  
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 . 107 

 . 107  55, 60  65  
 180   (P<0.05) 

   24.00±3.5, 24.99±2.7  17.57±0.9 /100   (Table 1) 
 55  60   (P>0.05) 

 60  
 17.31%  55  65   20.6  41.86% 

 
 
Table 1    Moisture content and anthocyanin content of purple rice cv. Kumjao CMU 107 after being exposed to 

radio frequency heat treatment (RF) at 55 to 65 oC for 180 seconds. 
                

RF temperature at  
180 seconds (oC) 

    Moisture Content (%)± SE Anthocyanin content (mg/100 g) ± SE 

Untreated RF             9.30±0.3       a 30.22±3.9         a 
55             9.05±0.2       a 24.00±3.5         b 
60             8.63±0.1       b 24.99±2.7         b 
65             8.15±0.1       c 17.57±2.9         c 

CV(%)                2.10                    10.39 
Means within the column followed by different letters are significantly different at 95% confidence level (P<0.05) by least significant 
difference (LSD) comparison. 
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Influence of Radio Frequency on Postharvest Quality Change of Arabica Coffee Bean  

 
 1,2  1,3,   1,3   1,2,3 

Nadthawat muenmanee1,2,  On-Uma Ruangwong1,3, Angsana Akarapisan1,3 and Yaowaluk Chanbang1,2,3 
  

Abstract 
Changes of post harvest quality between untreated and treated Arabica coffee bean with radio frequency 

27.12 MHz were studied.  By heating the RF power of 300 watts until coffee bean temperatures were 50, 60 and 70 
°C for 90 seconds. Then, 400 grams of coffee beans were packed in Teflon cylinder container with a thickness of 
0.5 centimeters, diameter 16 centimeters and height 5 centimeters. The container is closed aluminum plate. Then, 
container is placed in the center of electrode plate of radio frequency equipment. The temperature measurement 
was used fiber optical probe to measure sample temperature in the middle of the container.  The changes in 
quality of Arabica coffee beans were studied: moisture content, carbohydrate, protein, sugar and caffeine content. 
It was found that coffee beans were treated with radio frequency at each temperature tended to decrease the 
moisture content and caffeine content compared to untreated coffee beans.  The moisture content and caffeine 
content were between 9.85-11.25 percent wet basis and 0.97-1.23 percent, respectively. While the carbohydrate, 
protein and sugar contents of the radio frequency treated coffee bean at all temperatures were similar to those of 
untreated coffee beans. 
Keywords: heat treatment, arabica coffee, radio frequency, postharvest quality 
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Figure 1  (A) Radio frequency application (B) sample preparation for radio frequency treatment 
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  (Table 1) 
 

  Table 1  Effects of radio frequency treatment on changing of coffee bean chemical compositions  
 

Treatment Moisture Content (%wb)* Carbohydrate (%)* Protein (%)* Sugar content (%)* Caffeine (%)* 
Control 11.25±0.02 a 51.47±0.21 a 10.93±0.50 a 9.08±0.04 a 1.23±0.09 a 
T50-90s 10.29±0.05 b 50.85±0.45 a 11.49±0.43 a 9.68±0.42 a 1.22±0.06 a 
T60-90s 10.26±0.04 b 51.52±0.42 a 11.66±0.47 a 9.44±0.40 a 1.17±0.05 a 
T70-90s 9.85±0.04 c 51.71±0.41 a 11.51±0.49 a 9.88±0.48 a 0.97 a 

Mean 10.41±0.53 51.38±0.52 11.33±0.57 9.52±0.49 1.19±0.06 
* Mean values with standard deviations 
  Means within the same column followed by the same letter are not significantly different at the 0.05 
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Effects of Temperature and Packaging on the Quality and Storage Life of Sea Grapes 

 
 1  1  1, 2   1, 2 *  

Nipaporn Thammachote1, Kanlaya Sripong1, Apiradee Uthairatanakij1, 2 and Pongphen Jitareerat1, 2 * 
 

Abstract 
The aim of this research was to study the effects of storage temperature and packaging type on shelf life 

and quality of sea grapes. The sea grapes stored at room temperature (28±2 ºC)  and 25 ºC had shelf life of 9 
days, while storing at lower temperature; namely, 20, 12 and 4 ºC had shortened shelf lives to 5, 1 and 1 day, 
respectively.   The effect of packaging type on shelf life of sea grapes was investigated during storage at 25°C. 
The locked-clamshell box and polypropylene (PP) tray covered with PP film could extend the shelf life for 9 days, 
while sea grapes packed in staples-sealed clamshell box and PP tray wrapped with polyvinyl chloride ( PVC) 
lasted for only 6 days. Changes of physico-chemical quality were also investigated. Sea grapes stored in PP tray 
wrapped with PP film had the lowest percentage of fresh weight loss (0-3.51%) as well as, respiration rate (31.97-
99.26 mg CO2/kg.hr), and salinity (4.67-5.17%) compared to ones in control treatment. For instance, fresh weight 
loss of sea grapes from all treatments gradually increased upon storage as well as the presence of yellowish 
green color. Vitamin C and phenolic compound contents, on the other hand, declined by storage time and were 
not significantly different among treatments. 
Keywords: Caulerpa lentillifera J. Agardh, packaging, phenolic compounds 
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(A) 9 days           (B)  5 days                     (C)  1 day                   (D) 1 day 

Figure 1  Appearance of sea grapes and their shelf lives obtained from different storage temperature; 25 °C (A), 
20 °C (B), 13 °C (C), and 4 °C (D).  
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Figure 2  Weight loss (A), respiration rate (B), salinity value (C) and L* value (D) of sea grapes packed in different 

packaging treatment; i.e., clamshell with staples (control), locked clamshell, PP tray wrapped with PP 
film, and PP tray wrapped with PVC film and stored at 25ºC for 9 days. 
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   Feasibility Study of the Product Development of In-sequence Ripening of Hom Thong  Banana Fruits in 
a Retail Packaging, According to the Needs of Tha Yang Agricultural Cooperative, Phetchaburi Province 

 
 1   1  2  2   2,3  

Thitima Wongsheree1, Phiraya Nilmongkol1, Preuk Choosang2, Juthamard Promboon2 and Chalermchai Wongs-Aree2,3 
 

Abstract 
The quality of Hom Thong  banana produced from Tha Yang Agricultural Cooperative, Phetchaburi 

province, is accepted by domestic and international markets. The objective of this study, based on the needs of 
the cooperative, was to develop a product of ripe bananas in a new type of retail packaging with 3 gradient ripe 
fruits/pack.  Mature green bananas were dipped in 50oC water for 5 and 10 min and then cooled by dipping in tap 
water at 25oC for 10 min (heated fruit). Fruits dipped 25oC water for 10 min were used as control (non-treated fruit).  
All bananas were dipped in 500 ppm ethephon for 2 min and then incubated at 25oC, 70% RH for 2 days. Banana 
in each batch was packed in a perforated polyethylene plastic bag ( 3 fruits/ pack) .   All banana packs were 
incubated at 25oC.  After 4 days of storage, the yellow value (b*) of the peel from heated fruit was lower than non-
treated fruit, whereas the pulp firmness of heated fruit was higher.  The content of soluble solids was lower 
significantly different (p <0.01) between treatments.  This result indicates that pre-heating of Hom Thong  bananas 
before ripening induction can delay ripening levels than those in non-treated. However, trials are still needed to be 
confirmed with bananas produced in different areas and seasons. 
Keywords:  Hom Thong banana, heat treatment, gradient ripeness, retail packaging 
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Figure 1  Visual appearance of Hom Thong  banana dipped in 50oC water for 5 and 10 min, and non-treated 
prior to the conventional postharvest handling (48 h after treated with ethephon) and then packed in PE 
bag stored at 25°C for 6 days. 

 
 
 
 
 
 

 
 
 
 
 

Figure 2  Changes in peel b* value of banana, dipped in 50oC water for 5      and 10 min  ,   and non-treated  
prior to the conventional postharvest handling and then packed in PE bag (0*) stored at 25°C (retial 
condition) for 6 days, at the stem end (A), middle (B) and blossom end (C). BF before treatment 

 
 
 
 
 
 
 
 
 
 

 
Figure 3  Firmness of peel (A) and pulp (B) of banana fruit before treatment (BF), the conventional postharvest 

handling and then packed in PE bag (0*) stored at 25oC for 6 days. 
 

Packed in bags 
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Figure 4  Total soluble solid of banana fruit before (BF), the conventional postharvest handling and and then 

packed in PE bag (0*) stored at 25OC for 6 days. (banan dipped in 50oC water for 5     and 10 min       
and non-treated      ) 

 
 

 (Varit and Songsin, 2011)  50o . 
 10    

  4   50 o .  5  
  

 
 

 
 

 
 50o .  10   25o . 

  
  4  

 
 

   
   2563  . .   

        
    

 
 

 . 2538. .   
( ) . 89 . 

Mama S.,  J. Yemer and W. Woelore. 2016. Effect of hot water treatments on shelf life of tomato (Lycopersicon esculentum Mill). 
Natural Sciences Research 6(7): 69-77. 

Varit S. and P. Songsin. 2011. Effects of hot water treatments on the physiology and quality of Kluai Khai  banana. International Food 
Research Journal 18(3): 1013-1016. 

Yimyong S., T.U. Datsenka, A.K. Handa and K. Seraypheap. 2011. Hot water treatment delays ripening-associated metabolic shift in 
Okrong  mango fruit during storage. American Society for Horticultural Science 136(6): 441-451. 

 
 



Agricultural Sci. J. 52 : 2 (Suppl.) : 81-84 (2021)  . . . 52 : 2 ( ) : 81-84 (2564) 

 
Storage Life Extension of Fresh Longan Using Package Top-sealed with Micro-perforated Film 

 
 1  1,  2  2  3  1,3 
Juthamard Promboon1, Tradsa Cheepnurat1, Witchuda Daud2, Ajcharaporn Aontee2, Sudarat Khunmuang3  

and Chalermchai Wongs-Aree1,3 
 

Abstract 
Fresh longan typically has short storage life mainly due to rapid pericarp browning and microbial 

infestation.  In the present experiment, different MAPs were used to extend the storage life of E-dor  longan. 
Longan bunches were trimmed to obtain individual fruit prior to dipping in 200 ppm Clorox solution for 3 min. 
Fifteen long fruit (200 g) were packed in a 12×17×3.5 cm3 polypropylene (PP) tray and heat-sealed with 2 different 
films which were typical PP film ( non-perforate)  and polyethylene terephthalate/ cast polypropylene micro-
perforated film (PET/cPP) (MTEC provided), compared to mesh bag packging (served as a control). All treatments 
were stored at 10°C, 90-95% RH. O2 concentration in non-perforated MAP reached a steady state (6%) on day 6, 
whereas in micro-perforated MAP, O2 reduced to steady state at 15%  on day 3.  On the other hand, CO2 

concentration shaply increased to 30% in non-perforated MAP on day 7, while the gas in perforated MAP became 
stable at 12% since day 4. Fresh weight loss of longan fruit in mesh bag was as high as 7% on day 12, while ones 
packed in both MAPs lost less than 0. 3%  throughout the storage.  Moreover, pericarp browning of control 
treatment appeared rapidly, making L*  value reduced from 50 to 41 within 12 days.  Fungal development was 
found on the fruit in control treatment after day 6, while the samples packed in both non-perforated MAP and 
perforated MAP were infested by day 9 and 12, respectively. 
Keywords: longan,  MAP, micro-perforated film 
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 (Figure 2D)  12  7 
 

  0.3 (Figure 3A)  6 
  9   12  (Figure 3B) 

 

 
Figure 1 Changes in CO2 and O2 in the headspace of longan kept in a package top-sealed with PP film or 

microperforated PET/cPP film and stored at 10°C, 90-95% RH 
 

 
Figure 2 Changes in L* (A), hue angles (B), chroma (C), and E (D) of the peel of longan kept in a package top-

sealed with PP film or microperforated PET/cPP film and stored at 10°C, 90-95% RH 
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Figure 3 Changes in fresh weight loss (A), and disease incidence (B) of longan kept in a package top-sealed 

with PP film or microperforated PET/cPP film and stored at 10°C, 90-95% RH 
 

 
   (Kader et al., 1898) 

  
  (Mangaraj and Goswami, 2009) 

 
 

 10  
  PP film  microperforated PET/cPP film 

   PP film  30  6 
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Effect of Modified Atmosphere Package using Silicone Membrane Window on Quality  
and Shelf-life of Reong Rean  Rambutan 

 
 1, 2  2, 3 

Raywat Chairat1, 2 and Weerawate Utto2, 3 
 

Abstract 
Rambutan fruit peel consists of special long-hair structure called spintern . Both peel and spinterns have 

numerous stomata where high rates of water loss occurs, leading to high rate of water loss from the fruit leading to 
high deterioration rate of the fruit quality after harvest. The objective of this research was to develop a retail-size 
modified atmosphere package to maintain quality and reduce loss of Reong Rean  rambutan fruit by using 
polyethylene terephthalate (PET) box. The top lid fitted with a rectangular silicone membrane window (MA_Si-mb 
box) of 3 different sizes (1x1, 1.5x1.5 and 2x2 cm2) for gas exchange regulation were used and compared with the 
control ( no package applied) .  The experiment was conducted at 1 5 ±3 °C, RH 90±3% .  Results showed that 
rambutan fruit kept in MA_Si-mb box showed significantly (p≤0.05) lower weight loss, had higher fruit firmness and 
contained greater anthocyanin contents than the control. Total soluble solids content of the control fruit was higher 
than the fruit kept in MA_Si-mb box, whereas titratable acidity was not significantly different among treatments. 
Rambutan fruit stored in all 3 membrane window sizes of MA_Si-mb box had higher freshness score, but lower 
blackening spintern score compared with the control. For instance, the packed fruit could be kept for at least 15 
days, while the fruit from control treatment last for only 9 days. These results indicated that MA_Si-mb box could 
better preserve the rambutan fruit quality and greater extend the shelf-life than the control. 
Keywords: rambutan, quality, modified atmosphere package 

 
 

 
 

 (MA_Si-mb box) 
  polyethylene terephthalate (PET) 
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   15  
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 (Nephelium lappaceum Linn.) 
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 5   (Landrigan et al., 1994) 
 

  
  

 
 

 
  Cavendish 

 (Stewart et al., 2005; Chauhan et al., 2006)   (2553) 
  
  

 
  15 oC  

 

 
 (PET) 

 (2553) 
    

   
   (200 

ppm)  3-5    
3   1x1 1.5x1.5  2x2 cm2  200-300  (1  1 ) 

  
(Negative Control)  15oC  (Initial)   3   18  

  (%)  (Effegi, Japan)  (%) 
 Citric acid (0.064)   (%) 

 Hand-held refractometer (Atago, Japan)  (anthocyanin)   
Spectrophotometer (Shimadzu, Japan)  Zheng and Tian (2006)  530 
620  650 nm    ∆A g−1 FW = (A530 - A620) - 0.1 
(A650 - A620)  5  (5 =   1 = )  
5  (1 =   5 = )  Least Significant 
Difference (LSD)  95%  
 

 
 (Control) 

 (MA_Si-mb)  (p  0.05)  3 
 (Figure 1a)  10  

 MA_Si-mb  (  3%)  
 15   9   15±3 oC  

MA_Si-mb  2x2 cm2  (p  0.05)  6 
 9   MA_Si-mb  (Figure 1b) 
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(a) (b) 

(d) (c) 

 
 MA_Si-mb  2x2 cm2 

 (p  0.05)  6   MA_Si-mb  1x1 cm2 
 9  (Figure 1c) 

  18 
 MA_Si-mb  1.1x1.1 cm2  MA_Si-mb  

1.5x1.5  2x2 cm cm2  (p  0.05) (Figure 1d) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  Weight loss (a), firmness (b), total soluble solids (c), and titratable acidity (d) of Reong Rean  rambutan 
fruit after storing in modified atmosphere chambers with different silicone membrane window size 
(MA_Si-mb) for 15 days at 15oC  

 
 6  

 MA_Si-mb  
 (p  0.05)  6  9   9  

 (Table 1)  
 MA_Si-mb  (p  0.05) 

 6-9  (Figure 2a) 
 MA_Si-mb  (p  

0.05) (Figure 2b)  MA_Si-mb 
  

 

Table 1  Changes of anthocyanin content of Reong Rean  rambutan fruit peel after storing in modified 
atmosphere chambers with different silicone membrane window size (MA_Si-mb) for 15 days at 15oC  

 
Treatment Initial Anthocyanin Contents (A g-1 FW)1 

Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 
Control 0.42 0.48 0.31ab 0.22b - - - 
MA_Si-mb (1x1 cm2) 0.42 0.53 0.33a 0.37a 0.34 0.32 0.25 
MA_Si-mb (1.5x1.5 cm2) 0.42 0.42 0.29ab 0.38a 0.28 0.33 0.31 
MA_Si-mb (2x2 cm2) 0.42 0.37 0.21b 0.28a 0.26 0.31 0.32 
F-test  - ns * * ns ns ns 
CV (%)  - 25.83 20.57 28.14 15.82 37.69 18.54 

*, ns Significant or non-significant at 95% level1 
Means within the same column with different letters are significantly different at 95% level 
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Figure 2   Freshness score (a) and spintern blackening score (b) of Reong Rean  rambutan fruit after storing in 

modified atmosphere chambers with different silicone membrane window size (MA_Si-mb) for 15 days 
at 15oC 
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Applications of Sodium Metabisulfite and Oxalic Acid to Reduce the Pericarp Browning of Longan during 

Storage 
 

  1  2  2  3   1,2 
Juthamard Promboon1, Kanjana Worarad2, Pathompong Penchaiya2 Sompoch Noichinda3 and Chalermchai Wongs-Aree1,2 

 
Abstract 

The development in finding appropriate alternative postharvest technologies to reduce sulfur dioxide 
fumigation on long browning and decay control is a real challenge. In the present experiment, E-dor  longan was 
trimmed to be individual fruit and then dipped in 1.0%  oxalic acid (OA) containing 1.0%  (1.0% SMS) or 2.5% 
sodium metabisulfite (2.5%SMS) for 5 min, compared to SO2 fumigated and nontreated fruit.  All fruit was stored at 
5°C, 90-95% RH.  After treatments of SO2 and SMS+OA, fruit peels changed to brighter yellow colour compared to 
nontreated control. Peel of control turned brown quickly after storage, and SMS+OA fruit peels gradually changed 
to brown within 9 days, whereas SO2 treated fruit remained bright yellow with slight changes in the peel clour 
throughout storage of 15 days.  Pulp soluble solid contents were stable in each treatment.  Furthermore, disease 
incidence was 8.0%  in control, 5.6%  in 1.0% SMS+ OA, and 1.3%  in 2.5% SMS+ OA on day 15, while it was not 
found in SO2 treatment.  Nevertheless, sulfur-remaining compounds were detected in the peel of SO2 fumigated 
fruit at 1,200-1,300 pmm throughout storage and in the pulp at 72.8 ppm at the first 6 days. On the other hand, it 
was less than 10 ppm in the peel and undatable in the pulp of SMS+OA treated fruit during storage. 
Keywords: longan, E-dor, SO2 fumigation replacement, oxidizing agents, pericarp browning 
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(Figure 2A)   8  1%SMS+OA   5.6  2.5%SMS+OA        

 1.3  15   SO2    
 (Nwachukwu et al., 2012)  

 

 
Figure 1  Changes in peel colours in L* values (A), hue angles (B), chroma (C), and E (D) of longan fruit 

commercially fumigated with SO2, or dipped in 1%SMS+1%OA or 2.5%SMS+1%OA compared to non-
treated control, and then stored at 5°C, 90-95% RH. 

 

 
Figure 2  Changes in pulp soluble solids (A), and  disease incidence (B) of longan fruit commercially fumigated 

with SO2, or dipped in 1%SMS+1%OA or 2.5%SMS+1%OA compared to non-treated control, and then 
stored at 5°C, 90-95% RH. 

 
 SO2  1,200-1,300 ppm  

 72.8 ppm  6  15   SMS+OA  10 ppm 
    SO2 
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1%OA   SO2  
  

 
Table 1   Sulfur compounds remaining in fruit parts of longan commercial fumigated with SO2 or dipped in 

1%SMS + 1%OA and stored at 5°C, 90-95% RH 
 

Treatments Fruit 
Part 

Sulfur compounds (mg/kg·FW) 
D0 D6 D15 

SO2 
Pericarp 1,247.9±40.4 1,197.5±3.6 1,310.3±14.2 
Pulp   35.6±2.8 110.0±19.0    ND 

1%SMS + 
1%OA 

Pericarp   <10    <10    <10 
Pulp     ND      ND     ND 

 
 

 1%SMS+1%OA  2.5%SMS+1%OA  5 
 9     SO2 

   
 

 
   

 (  PS.P.8/2561)  UGSAS, Gifu University, Japan 
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Effects of Calcium Chloride and Modified Atmosphere Packaging on Qualities of Fresh-cut Longan 
 

  1   1,2  1,3  1,3   1,3* 

Sittichai Techadilok1, Kal Kalayanamitra1,2, Tidarat Kaewkham1,3, Praewphan Jomngam1,3 and Duangjai Noiwan1,3* 

  
Abstract 

Effect of calcium chloride on sensory quality and overall acceptability of fresh-cut longan was 
investigated.  The fruit were peeled, and seeds were removed prior to dipping the pulp into calcium chloride 
(CaCl2) solution at 0.5, 1.0, 1.5 and 2.0%  w/v for 2 min. Pulp firmness and sensory quality were determined and 
compared with control treatment (without CaCl2 dipping). Fresh-cut longan dipped in CaCl2 at 2.0%  w/v had the 
highest pulp firmness compared to those values from dipping at 1.5, 1.0, 0.5%  w/v and control, respectively. As 
for overall acceptability evaluation, longan pulp dipped in CaCl2 at 1.5% w/v gave the highest acceptability score, 
while dipping at a higher concentration provided negative effects on odor and sweetness.  Effect of modified 
atmosphere packaging (MAP) on qualities of fresh-cut longan was investigated. Fresh-cut longan (dipped in CaCl2 
solution at 1. 5%  w/ v)  was placed on a plastic tray and subsequently over-wrapped by polyethylene ( PE)  or 
microperforated polyethylene (MPE) films compared with control. The samples were thereafter stored at 5 ºC, RH 
95% . Changes of oxygen and carbon dioxide concentrations, weight loss, soluble solid content, and color were 
daily evaluated.  The results showed that packing fresh-cut longan pulp with PE and MPE could reduce O2 and 
induce CO2 concentration in the package headspace.  For instance, the packaging treatments could also delay 
the changes of weight loss, soluble solid content, and color.  To sum up, the uses of CaCl2 and MAP could 
effectively maintain fresh-cut longan quality. 
Keywords: fresh-cut longan, calcium chloride, modified atmosphere packaging 

 
 

�¨�°�Â�¨Á�¸¥¤�¨°Å¦�r (CaCl2) �n°�»�£µ¡�oµ�Á�ºÊ°­́¤�́­Â¨³�µ¦¥°¤¦́�Ã�¥¦ª¤�°� Î̈µÅ¥­�¡¦o°¤�¦·Ã£� Ã�¥
Â�³Á� º̈°� Î̈µÅ¥ �ªoµ�Á¤ È̈�°°�Â¨³Â�n�oª¥­µ¦¨³¨µ¥ CaCl2 �ªµ¤Á�o¤�o� 0.5, 1.0, 1.5 Â¨³ 2.0% w/v �µ� 2 �µ�¸ ª´�
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�oª¥­µ¦¨³¨µ¥ CaCl2 �ªµ¤Á�o¤�o� 2.0% w/v ¤̧�nµ�ªµ¤Â�n�Á�ºÊ°­¼��¸É­»� ¦°�¨�¤µ �º° Î̈µÅ¥�¸ÉÂ�nÄ�­µ¦¨³¨µ¥ CaCl2 �ªµ¤
Á�o¤�o� 1.5, 1.0, 0.5% w/v Â¨³�»��ª��»¤ �µ¤ Î̈µ�́� ­Îµ®¦́��¨�µ¦�¦³Á¤·��oµ��¦³­µ�­́¤�́­ ¡�ªnµ �µ¦¥°¤¦́��»�£µ¡
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­£µ¡�¦¦¥µ�µ«Â���́�Â�¨�­µ¤µ¦�¦´�¬µ�»�£µ¡�°� Î̈µÅ¥­�¡¦o°¤�¦·Ã£�Å�o 

: Î̈µÅ¥­�¡¦o°¤�¦·Ã£� Â�¨Á�̧¥¤�¨°Å¦�r ­£µ¡�¦¦¥µ�µ«Â���́�Â�¨� 
 

 
�{�®µ­Îµ�́��¸É¤̧�¨�n°�µ¦­¼�Á­̧¥£µ¥®΅��µ¦Á�È�Á�̧É¥ª Î̈µÅ¥ �º° �µ¦­¼�Á­̧¥�ÊÎµ �µ¦Á�¨̧É¥�Á�}�­̧Á� º̈°� Â¨³�µ¦

Á�oµ�Îµ¨µ¥�°�Ã¦� Ã�¥Á�¡µ³�µ¦Á�·�­̧�ÊÎµ�µ¨�°�Á� º̈°��¨ �¹É��ÎµÄ®o�µ¦¥°¤¦́��°��¼o�¦·Ã£�¨�¨� Â¤oªnµ�µ¦Á�¨̧É¥�Â�¨�
�́�� n̈µª�³Å¤n¤̧�¨�¦³���n°¦­�µ�·�°�Á�ºÊ°�¨�È�µ¤ Á¡ºÉ°Â�o�{�®µ�́�� n̈µª �µ¦Á¡·É¤¤¼¨�nµ Î̈µÅ¥­�Ã�¥�µ¦Â�¦¦¼��´Ê��o�¡¦o°¤
�¦·Ã£� (minimally processed) �¹�Á�}�Â�ª�µ��¹É�­µ¤µ¦�Á¡·É¤¤¼¨�nµÄ®o�́� Î̈µÅ¥Å�o °¥nµ�Å¦�È�µ¤°µ®µ¦�¦³Á£��̧Ê ¤̧
΅�¬�³Á�¡µ³�oª¥�µ¦¤̧¡ºÊ��·ª�¸ÉÅ¤n�nµ��µ¦�nµÁ�ºÊ° Â¨³Á�ºÊ°Á¥ºÉ°�¸ÉÁ­̧¥®µ¥�µ��µ¦®´É��́��¹É�°µ�Á�·��µ¦Á­̧É¥¤Á­̧¥�µ�µ¦Á�oµ
�Îµ¨µ¥�°��» ·̈��¦̧¥rÅ�o�nµ¥ (Olaimat and Holley, 2012) ®¦º°Â¤oÂ�nÁ�·��µ¦Á­ºÉ°¤Á­̧¥Á�ºÉ°��µ��µ¦Á�¨̧É¥�Â�¨��µ�­¦¸¦ª·�¥µ
Â¨³�µ¥£µ¡�̧É�¦³���n°�»�£µ¡�°�� ·̈�£´��r �ªµ¤­¼�Á­̧¥®΅�¤̧Â�ªÃ�o¤�¸É�³Á�·��¹Ê�Á�ºÉ°��µ��µ¦�́��µ¦ �µ¦�́�Á�È�Â¨³
�¦¦�»£´��r�¸ÉÅ¤nÁ®¤µ³­¤  ¦³���µ¦�¦¦�»�oª¥­£µ¡�¦¦¥µ�µ«�´�Â�¨� (modified atmosphere packaging; MAP) �¹�Å�o�¼�
�Îµ¤µÄ�o°¥nµ��ªoµ��ªµ�Á¡ºÉ°¦́�¬µ�»�£µ¡�°��́�Â¨³�¨Å¤o¦ª¤�¹��°�­� Â�¨Á�̧¥¤�¨°Å¦�r¤́�Ä�oÄ�°»�­µ®�¦¦¤Á¡ºÉ°Á�}�
¦́�¬µÁ�ºÊ°­́¤�́­�°��́��¨Å¤oÃ�¥�µ¦�»n¤ �¨�°�Â�¨Á�̧¥¤�¨°Å¦�r­µ¤µ¦��³¨°�µ¦­»� Â¨³�¦³�ª��µ¦�̧ÉÁ�̧É¥ª�o°��́��µ¦
Á­ºÉ°¤­£µ¡ ¦ª¤�¹��µ¦­¼�Á­̧¥�µ��»��nµ�µ�°µ®µ¦Â¨³�ªµ¤Åª�n°Á�ºÊ°Ã¦� (de Freitas et al., 2012; Saure, 2014) �µ¦Ä�o
Â�¨Á�̧¥¤�¨°Å¦�r�³Ä®o�¨�̧¥·É��¹Ê�®µ�Ä�o¦nª¤�́�ª·�¸�µ¦®΅��µ¦Á�È�Á�̧É¥ª°ºÉ� Ç Á�n� �µ¦Ä�o¦nª¤�́�Å�Ã��µ�Â¨³�µÃ�Å�Ã��µ� 
­µ¤µ¦�¥º�°µ¥»�µ¦Á�È�¦́�¬µ­�¦°ªrÁ�°¦r¦̧Å�o (Nguyen and Nguyen, 2020) Â¤oªnµ�µ¦Ä�oÂ�¨Á�¸¥¤®΅��µ¦Á�È�Á�̧É¥ª�³�̧�n°
�»�£µ¡�°��¨Å¤o Â�n�ªµ¤Á�o¤�o��°�Â�¨Á�̧¥¤�¸É¤µ�Á�·�Å�°µ��ÎµÄ®o�µ¦Á�¨¸É¥�­̧Â¨³¦­�µ�·�µ��¦³­µ�­́¤�́­�¸ÉÅ¤n¡¹�
�¦µ¦��µ �¹��o°�Ä�oÂ�¨Á�¸¥¤�¨°Å¦�rÄ��¦·¤µ��̧ÉÅ¤nÄ®o­n��¨�¦³���n°¦­�µ�·�°�� ·̈��¨ �́��´Ê� �µ¦«¹�¬µÄ��¦´Ê��¸Ê�¹�¤̧
ª´��»�¦³­��rÁ¡ºÉ°«¹�¬µ�»�£µ¡�°� Î̈µÅ¥­�¡¦o°¤�¦·Ã£��¸É��­£µ¡�oµ�Á�ºÊ°­́¤�́­Ã�¥�µ¦�»n¤�oª¥Â�¨Á�̧¥¤�¨°Å¦�r ¦nª¤�́�
�µ¦�¦¦�»�oª¥¢d r̈¤�¸É¤̧�µ¦�¹¤�nµ��°��pµ�­¼� 
 

อุปกรณ์และวิธีการ 
1.  

�Îµ�µ¦��¨°�Ã�¥Â�³Á� º̈°� Î̈µÅ¥Â¨³�ªoµ�Á¤ È̈�°°� (Figure 1) Â¨³Â�n Î̈µÅ¥Ä�­µ¦¨³¨µ¥Â�¨Á�̧¥¤�¨°Å¦�r
�ªµ¤Á�o¤�o� 0.5, 1.0, 1.5 Â¨³ 2.0% (w/v) Á�}�Áª¨µ 2 �µ�¸ Á�¦̧¥�Á�¸É¥��́��»��ª��»¤�¸ÉÅ¤n�nµ��µ¦Â�n­µ¦¨³¨µ¥Â�¨Á�̧¥¤-
�¨°Å¦�r Ã�¥�́��µ¦��¨°�Â��­»n¤­¤�¼¦�r (Completely Randomized Design; CRD) �¦ª�ª´��»�£µ¡�°� Î̈µÅ¥­�¡¦o°¤
�¦·Ã£� Å�oÂ�n �»�£µ¡�oµ�Á�ºÊ°­́¤�́­Â¨³�µ¦¥°¤¦́�Ã�¥¦ª¤ �Îµ�µ¦��¨°��¦¦¤ª·�¸¨³ 3 �ÊÎµ 
  
2. 

 5±2 °C 
�ÎµÁ�ºÊ° Î̈µÅ¥�̧É�ªoµ�Á¤ È̈�°°�Â öªÂ�n­µ¦¨³¨µ¥Â�¨Á�̧¥¤�¨°Å¦�r�ªµ¤Á�È¤�o� 1.5% (w/v) Á�}�Áª¨µ 2 �µ�¸ Á¤ºÉ°

�¦��Îµ®���Îµ¤µ­³Á�È��ÊÎµÂ¨³�¦¦�»�oª¥¢d r̈¤¡° ·̈Á°�·¨̧� (polyethylene; PE) �ªµ¤®�µ 0.65 μm Â¨³¢d r̈¤¡° ·̈Á°�·¨̧��¸É¤̧
�nµ�µ¦�¹¤�nµ��°��pµ�­¼� (microperforated polyethylene; MPE) �ªµ¤®�µ 0.45 μm Á�¦̧¥�Á�¸¥��́��»��ª��»¤Á�È�¦́�¬µÅªo
�¸É°»�®£¼¤· 5±2°C ª´��µ¦Á�¨̧É¥�Â�¨��°��pµ�£µ¥Ä�£µ��³�¦¦�» (O2, CO2) Â¨³�»�£µ¡�°� Î̈µÅ¥�»�ª´� �́��¸Ê �µ¦­¼�Á­̧¥
�ÊÎµ®�´� �¦·¤µ��°�Â�È��´Ê�®¤��¸É¨³¨µ¥�ÊÎµÅ�o Â¨³�µ¦Á�¨̧É¥�Á�¨�­̧�»� Ç ª´�  
 

 
�ªµ¤Â�n�Á�ºÊ°�°�Á�ºÊ° Î̈µÅ¥Á¤ºÉ°�nµ��µ¦Â�n�oª¥­µ¦¨³¨µ¥ CaCl2 �µ� 2 �µ�¸ Â­��Ä� Figure 1 �¹É��µ¦Â�n�oª¥

­µ¦¨³¨µ¥ CaCl2 �ªµ¤Á�o¤�o� 2.0% ¤̧�nµ�ªµ¤Â�n�Á�ºÊ°�°� Î̈µÅ¥­�­¼��¸É­»� Á�nµ�́� 6.43 N ¦°�¨�¤µ�º° 1.5%, 1.0% Â¨³ 
0.5% ¤̧�nµÁ�nµ�́� 5.43, 4.99 Â¨³ 4.18 N �µ¤ Î̈µ�́� ��³�¸É�»��ª��»¤ (Å¤nÂ�n­µ¦¨³¨µ¥) ¤̧�nµ�o°¥�¸É­»�Á�nµ�́� 2.22 N �nµ�¸É
ª´�Å�oÅ¤n¤̧�ªµ¤Â���nµ��́��µ�­�·�· �¸É¦³�́��ªµ¤Á�ºÉ°¤́É� 95% Á�ºÉ°��µ� Â�¨Á�̧¥¤Á�}��µ�»°µ®µ¦�̧É�nª¥­n�Á­¦·¤�µ¦�¼��¹¤�µ�»
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Figure1  Effect of CaCl2 dipped on firmness of 
fresh-cut longan 

Figure 2  Effect of CaCl2 dipped on sensory   
quality of fresh-cut longan 

°µ®µ¦°ºÉ� Ç Á�̧É¥ª�o°��́��µ¦�¼��ÊÎµÁ�oµ­¼nÁ�¨ r̈ �¦³�»o��µ¦�Îµ�µ��°�Á°�Å�¤r �nª¥Á�ºÉ°¤¥¹�Ã¤Á¨�»¨�°�Á¡��·� �¹É�Á�}�
°��r�¦³�°�­Îµ�́��°��´Ê� middle lamella �¸É�Îµ®�oµ�¸ÉÁ�ºÉ°¤¥¹���´�Á�¨ r̈�¸É°¥¼n�·��́�Ä®o��´�Á�¨ r̈Â�È�Â¦� ¤̧�ªµ¤¥¹�®¥»n�¤µ�
�¹Ê� Â¨³ CaCl2 Á�}�­µ¦�nª¥Ä®o�́�Â¨³�¨Å¤o¤̧Á�ºÊ°­́¤�́­Â�È� (firming agent) �·¥¤Ä�o�́��¨Å¤o�n°��ÎµÅ��¦¦�»�¦³�l°� Á�n� 
·̈Ê��̧É Î̈µÅ¥ Â°�Á�d¨ ¤³Á�º°Á�« Â¨³¤́� ¦́É� �ªµ¤Á�o¤�o�Å¤nÁ�·� 1.0% �µ¦Ä�o�¦·¤µ� CaCl2 ¤µ�®¦º°�o°¥�³�¹Ê�°¥¼n�́��¦·¤µ�
Á¡��·��¸É¤̧°¥¼nÄ��́�Â¨³�¨Å¤o��·��´Ê� Ç Á�ºÊ° Î̈µÅ¥�¸É�nµ��µ¦Â�nÄ�­µ¦¨³¨µ¥ CaCl2 �ªµ¤Á�o¤�o� 1.5% ¤̧�³Â���µ¦¥°¤¦́�
Ã�¥¦ª¤­¼��¸É­»� Á�ºÉ°�¤µ�µ�¤̧�³Â���µ��oµ�Á�ºÊ°­́¤�́­ ¦­�µ�· Â¨³­̧­¼��¸É­»� Ã�¥�̧É�³Â���oµ�Á�ºÊ°­́¤�́­�°� Î̈µÅ¥�³­¼��¹Ê�
�µ¤�ªµ¤Á�o¤�o��°� CaCl2 °¥nµ�Å¦�È�µ¤ CaCl2 �ªµ¤Á�o¤�o� 2.0% ¤̧�³Â���µ��oµ�Á�ºÊ°­́¤�́­�o°¥�¸É­»� Á�ºÉ°��µ�Â�È�
Á�·�Å� Â¨³­n��¨�n°�µ¦¥°¤¦́�Ã�¥¦ª¤�ÎµÄ®o�³Â���oµ�¦­�µ�· Â¨³� ·̈É�¨�¨� (Figure 2) �µ��µ¦��­°��oµ��¦³­µ�
­́¤�́­�°� Luna-Guzmán and Barrett (2000) ¡�ªnµ Ä�Â���µ ¼̈��¸ÉÂ�nÄ�­µ¦¨³¨µ¥ CaCl2 �ªµ¤Á�o¤�o� 1.0% Â¨³ 2.5% 
¤̧�³Â���ªµ¤�¤­¼��ªnµ�»��¸ÉÅ¤n�nµ��µ¦Â�n�oª¥­µ¦¨³¨µ¥ CaCl2 Â¨³®µ�Á¡·É¤�ªµ¤Á�o¤�o��°� CaCl2 �µ� 1.0 Á�}� 2.5% 
�³�ÎµÄ®oÂ���µ ¼̈�¤̧¦­�¤�¹Ê� ­Îµ®¦́�­�¦°ªrÁ�°¦r¦̧�¸ÉÂ�n�oª¥ CaCl2 �ªµ¤Á�o¤�o� 3.0% ¦nª¤�́� �µÃ�Å��µ�Å¤n ¡�ªnµÁ�·�¦­�¤
Á�ºÉ°��µ��ªµ¤�¤�°� CaCl2 �³�¼�¥́�¥́Ê��oª¥�¦��·�¦·��¹É�¤̧°¥¼nÄ�­�¦°ªrÁ�°¦r¦̧ (Nguyen and Nguyen, 2020)  

 
 

 
 

 

 
 

 
 
 
 

Table 1 Â­���µ¦Á�¨̧É¥�Â�¨� O2  CO2 Â¨³�¦·¤µ� SSC �°� Î̈µÅ¥­�¡¦o°¤�¦·Ã£� �¹É�¡�ªnµ Ä�ª´�Á¦·É¤�o��¦·¤µ� 
O2Â¨³ CO2 ¤̧�nµÁ�̧¥�Á�nµ�́��¦¦¥µ�µ«���· Ä��»��ª��»¤ (Å¤nÅ�o�¦¦�»�oª¥¢d r̈¤¡¨µ­�·�) Â¨³¤̧�nµ���̧É�¨°��µ¦Á�È�¦́�¬µ 
­nª��µ¦Á�¨̧É¥�Â�¨�£µ¥Ä��¦¦�»£´��r¢d r̈¤��·� PE Â¨³ MPE �´Ê� ¡�ªnµ O2 £µ¥Ä��¦¦�»£´��r¢d r̈¤ PE �nµ¨�¨��ÉÎµ�ªnµ�µ¦
�¦¦�»�oª¥¢d r̈¤ MPE �¨°��µ¦Á�È�¦́�¬µ Ä��µ��¦��́��oµ¤�È¤̧�µ¦­³­¤ CO2 £µ¥Ä��¦¦�»£´��r¢d r̈¤ PE  ­¼��ªnµ¢d r̈¤ MPE 
�oª¥  Á�ºÉ°��µ�¢d r̈¤��·� PE ¤̧�µ¦Â¨�Á�¨¸É¥��pµ��ÉÎµ�ªnµ�»� MPE �¹�¤̧�µ¦Â¨�Á�¨¸É¥��pµ� O2 �́��¦¦¥µ�µ«£µ¥�°�Å�o�ÉÎµ
�ªnµ¢d r̈¤ MPE Ã�¥ Khan et al, (2020) ¦µ¥�µ�ªnµ Î̈µÅ¥�¸É�¦¦�»Ä�¢d r̈¤��·� PE �¸É¤̧�»�­¤�´�·Ä��µ¦Â¨�Á�¨̧É¥��pµ�­¼� Â öª
Á�È�¦́�¬µ�¸É°»�®£¼¤· 5±2°C ­µ¤µ¦�Á�oµ­¼n�¦¦¥µ�µ«Â��­¤�»¨Å�o£µ¥Ä� 7 ª´� �¹É�¤̧�nµ�ªµ¤Á�o¤�o��°� CO2 �¦³¤µ� 7% 
�¹É�Á�}��ªµ¤Á�o¤�o��¸ÉÁ®¤µ³­¤Ä��µ¦Á�È�¦́�¬µ Î̈µÅ¥ Â¨³ O2 �¦³¤µ� 3% Å¤nÄ®o Î̈µÅ¥Á�·�� ·̈É�¦­�·����· Â¨³®µ� O2 �ÉÎµ�ªnµ 
3% �³�ÎµÄ®oÁ�·�Á°�µ�°¨£µ¥Ä�Á�ºÊ°�¨ Î̈µÅ¥ ­Îµ®¦́��µ¦Á�¨̧É¥�Â�¨��¦·¤µ� SSC �´Ê� ¡�ªnµ�»��ª��»¤¤̧Â�ªÃ�o¤Á¡·É¤­¼��¹Ê�
�¨°�°µ¥»�µ¦Á�È�¦́�¬µ 5 ª´� °µ�Á�ºÉ°�¤µ�µ��µ¦­¼�Á­̧¥�ÊÎµ (Å¤nÅ�oÂ­���o°¤¼¨) �¹É�¤̧�nµ¤µ��ªnµ Î̈µÅ¥�̧É�¦¦�»Ä�¢d r̈¤��·� 
MPE Â¨³ PE �¸É¤̧Â�ªÃ�o¤�°��nµ SSC ���¸É�¨°�°µ¥»�µ¦Á�È�¦́�¬µ 5 ª´� (Table 1)  

�µ¦Á�¨¸É¥�Â�¨� L* �º°�nµ�ªµ¤­n°�­ªnµ��°�Á�ºÊ° Î̈µÅ¥ Á¤ºÉ°�¦¦�»Ã�¥¢d r̈¤��·� PE Â¨³ MPE Á�¦̧¥�Á�¸¥��́��»�
�ª��»¤�¹É�Å¤nÅ�o®»o¤¢d r̈¤ 5±2 ºC ¡�ªnµ �nµ L* �°��»��»��µ¦��¨°� ¤̧�nµÁ�¨̧É¥�Â�¨�Á¡¸¥�Á È̈��o°¥�¨°��µ¦Á�È�¦́�¬µ Â¨³
Å¤nÂ���nµ��́��µ�­�·�·   Á�n�Á�̧¥ª�́��nµ a* �¹É�Å¤nÂ���nµ��́��µ�­�·�·Â¨³¤̧�nµ�n°��oµ����̧É ­Îµ®¦́� �nµ b* �º° �nµ­̧Á® º̈°� �»�
�»��µ¦��¨°�¤̧�nµ¨�¨� Á¤ºÉ°Á�È�¦́�¬µ�µ��¹Ê� �¹É�ª´��¸É 4 �°��µ¦Á�È�¦́�¬µ ¡�ªnµ �nµ b* �°��»��ª��»¤¤̧�nµ�nµ��µ��»��µ¦
��¨°�°ºÉ�°¥nµ�¤̧�´¥­Îµ�́�  Á�nµ�́� 4.95 ­Îµ®¦́�Á�ºÊ° Î̈µÅ¥�̧É�¦¦�»Ä�¢d r̈¤�´Ê���·� PE Â¨³ MPE �´Ê� ¤̧�nµÁ�nµ�́� 3.77 Â¨³ 
2.05 �µ¤ Î̈µ�́� (Table 2) 

0.5% 1.0% 1.5% control 2.0%

CaCl2 

a 

b 
bc 

bc 
c 

odo

colo
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textur

overall
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Table 1  Effect of modified atmosphere packaging on 
O2, CO2 and SSC changes of fresh-cut longan 
during storage at 5±2°C 

Table 2  Effect of modified atmosphere packaging 
on color changes  (L* ,a* and b*) of fresh-
cut longan during storage at 5±2°C 

 
 
 

 
treatments Storage time (day) 

0 1 2 3 4 5 

O2 Control 20.8 20.8b 19.1 19.0a 18.6 19.1b 

(%) MPE 20.8 19.2a 18.6 18.5b 18.6 19.3b 

 PE 20.8 18.1a 17.1 17.3b 16.9 17.6a 

 P-value - * ns * ns * 
 SD - 1.41 1.04 0.92 0.97 0.93 

CO2 Control 0.03 0.05a 0.57a 0.11a 0.07a 0.06a 

(%) MPE 0.03 0.05a 2.07b 0.21a 0.16a 0.15a 

 PE 0.03 3.29b 2.21b 2.54b 2.36b 1.89b 

 P-value - * * * * * 
 SD - 1.61 0.82 1.13 1.15 0.93 

SSC Control 21.9 22.8b 25.4b 27.3a 28.0b 25.2b 

(%) MPE 20.8 20.2a 18.8a 20.5a 20.5a 19.4a 

 PE 21.7 20.1a 19.8a 19.4b 19.9a 19.0a 

 P-value - * * * * * 
 SD - 1.52 3.56 4.28 4.51 3.46 
 

 
�µ¦Ä�o­µ¦¨³¨µ¥Â�¨Á�¸¥¤�¨°Å¦�r�ªµ¤Á�o¤�o� 1.5% ­µ¤µ¦��¦́��¦»�Á�ºÊ°­́¤�́­�°� Î̈µÅ¥­�¡¦o°¤�¦·Ã£�Ä®o�̧�¹Ê�

Å�o Â�n®µ�Á¡·É¤�ªµ¤Á�o¤�o�¤µ��ªnµ 1.5% �³�ÎµÄ®o Î̈µÅ¥­�¡¦o°¤�¦·Ã£�Á­̧¥¦­�µ�· ­Îµ®¦́��µ¦�¦¦�»Â��­£µ¡�¦¦¥µ�µ«
�́�Â�¨�Ã�¥Ä�o¢d r̈¤¡¨µ­�·���·� polyethylene (PE) Â¨³ microperforated polyethylene (MPE) Å¤n�ÎµÄ®o�»�£µ¡�°�
Î̈µÅ¥­�¡¦o°¤�¦·Ã£�Â���nµ��́��¨°�°µ¥»�µ¦Á�È�¦́�¬µ�̧É°»�®£¼¤· 5±2 °C 

 
 

�µ�ª·�´¥�¸ÊÅ�o¦́��µ¦­�´�­�»�Á�¦ºÉ°�¤º°�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�ª´��¦¦¤ Â¨³�°�°��»�®o°���·�´�·�µ¦­µ�µÁ��Ã�Ã¨¥̧®΅��µ¦Á�È�Á�̧É¥ª ��³ª·«ª�¦¦¤Â¨³
°»�­µ®�¦¦¤Á�¬�¦ ¤®µª·�¥΅¥Â¤nÃ�o ­Îµ®¦́�°»��¦�r Á�¦ºÉ°�¤º° Â¨³­�µ��̧É�Îµ�µ¦���¨°�  
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treatments Storage time (day) 

0 1 2 3 4 5 

L* Control 40.14 40.16 41.36 40.56 40.56 39.47 
 MPE 40.14 39.89 38.93 41.36 42.06 41.13 
 PE 40.14 40.40 40.56 38.93 39.17 42.15 
 P-value - ns ns ns ns ns 
 SD - 0.24 1.24 1.24 1.45 1.12 

a* Control -3.08 -3.08 -3.05 -2.53 -0.53 -0.52 
 MPE -3.08 -3.02 -2.77 -3.05 -0.68 -2.96 
 PE -3.08 -3.13 -2.53 -2.77 -0.62 -3.40 
 P-value - ns ns ns ns ns 
 SD - 0.05 0.26 0.26 0.07 0.44 

b* Control 5.06 6.03b 6.47 4.95 4.95b 2.39 
 MPE  4.70a 4.62 6.47 3.77a 3.43 
 PE  4.43a 4.95 5.09 2.05a 4.88 
 P-value - * ns ns * ns 
 SD - 0.86 0.99 0.84 1.46 1.23 
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Effects of Shellac Coating Material Containing Kaew Ka Min Mango Peel Powder on Storage Quality of 

Fresh-cut Shallots 
 

 1   1,2   1,2   3   4   5   
 1   

Panida Pimsuwan1, Weerawate Utto1,2, Raywat Chairat1,2, Watcharapong Wattanakul3, Adul Apinan4, Nittaya Phungam5 and                    
Jindamanee Saengkanjanawanich1 

 
Abstract 

Fresh-cut shallot is popular among consumers because of its convenience for cooking and consumption .
However, its qualities become quickly changed during storage particularly visual brown color at cut tissues and 
weight losses .This study purposely was to test effects of shellac coating material 20%  w/v mixed with Kaew Ka 
Min mango peel powder, either 1%  or 3%  w/v, on qualities of the fresh-cut shallot kept in clamshell packages 
averagely weighed 125g. These were stored at 10ºC for 14 days and were compared to those which were either 
coated with only shellac or uncoated (control) .   Experimental results showed that respiration rates of the shallot 
coated with both shellac types were lower than those of the control (p<0.05).  The shallot coated with the shellac 
containing mango peel powder (SHL-MPP) had lower respiration rate than coated with only shellac .Although the 
SHL-MPP material reduced losses of vitamin C contents better than other treatments, both coating materials had 
no significant effects on ethanol contents in tissues, color, and firmness. In addition, the coating reduces weight 
losses but adding the powder by 3% (w/v) increased weight loss and reduced glossiness. Overall, incorporations 
of mango peel powder to the shellac coating material delayed quality changes of fresh-cut shallot   . 
Keywords: fresh-cut shallot, shellac, mango peel powder 
 

 
 

 
 (20% w/v)  (1% 

 3% w/v)  (  125g)  10C 
 14    ( ) 

 
(p<0.05)  (SHL-MPP) 

  SHL-MPP  
  

 3% (w/v) 
  
 

:    
                                                           
1     34190 
1 Faculty of Agriculture, Ubon Ratchathani University, Warin Chamrap, Ubon Ratchathani 34190 
2      10400 
2 Postharvest Technology Innovation Center, Ministry of Higher Education, Science, Research and Innovation, Bangkok 10400 
3     50000  
3 Faculty of Agricultural Technology, Rajabhat Chiangmai University, Chaingmai 50000 
4     31000  
4 Research and Development Institute, Rajabhat Burium University, Burirum 31000 
5      32000 
5 Faculty of Agriculture and Technology, Rajamankala University of Technology Isan, Surin Campus, Surin 32000 



            52  2 ( )  2564   .      
 
98 

 
 

  (  , 2562) 
  

 25-30   5  
/  100-120   3-4   

   7   10-12C  (Utto et al, 2018) 
 ( )  

 
 (modified atmosphere; MA)  O2  CO2 

   MA 
 (selective permeation) 

( , 2562)      
  

     (Phungam et al., 2018) 
 (functional property) 

 ( , 2562)  Rojas-Bravo et al. (2019) 
  

 
  /

   (Torres-León et al., 2018)  
   

. . 2563-2565  
  

 
 

 
 

  ( ) /  
 200-220g    2050 mm (

 ) 150 mg l-1  30  
 (5% w/v)  60 ºC  5   

  Rojars-
Bravo et al. (2019)  60 ºC   14% (w/w) 

  80 Mesh  LDPE  
  (Food grade,   )  20%(w/v)  1%(v/v) 

    1%  3% (w/v) 
 hotplate stirrer/500 rpm  15   

   
     125 
  (     100x150x40 )  (1) 

 1% (w/v) (SHL-MPP1) (2)  3% (w/v) (SHL-MPP3) 
(3)   (SHL-MPP0)  (4)  (   CTRL) 

 10C  80-85% RH  14    
  CO2   Phungam et al. (2018) 



.                            52   2 ( )  2564                                         99 

 (   L*  Hunter Lab Colorflex model 4510)  (  N  
LLODY model LR, US)  (  mg kg-1  FID-GC, GC2014, 
Shimadzu, Japan)   Utto et al. (2018)  

     (2555) 
 

 (6 log CFU g-1)   
   2   (ANOVA)  

95%  Least Significant Difference (LSD)  SPSS 
 

 

 1.5-2  (Figure 1) 
 

 
 

  
 3% (w/v) (SHL-MPP3)  1% (w v) (SHL-MPP1) 

 ( )  
 

1 3 5 10 14
0

20
40
60
80

100
120
140
160
180
200
220

R
es

p
ir

at
io

n
 r

at
e 

(n
m

o
l s

-1
 k

g
-1
)

Storage days
1 3 5 10 14

0

2

4

6

8

10

12

14

V
it

. C
 c

o
n

te
n

t 
(m

g
 1

00
g

-1
)

Storage days
1 3 5 10 14

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

W
ei

g
h

t 
lo

ss
 (

%
)

Storage days

 CTRL  SHL-MPP0  SHL-MPP1  SHL-MPP3

 
Figure 1 Effects of shellac coating material containing dried mango peel powder (1% and 3% w/v) on respiration 

rate, vitamin C contents and weight loss of fresh-cut shallots kept at 10C for 14 days 
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Figure 2  Effects of shellac coating material containing dried mango peel powder (1% and 3% w/v) on L* values 

and ethanol concentration in tissues of fresh-cut shallots kept at 10C for 14 days 
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Effect of Bee Wax Coatings on Quality of Sour Orange (Citrus aurantium) during  

Simulated Transportation  
 

 1  1  2 

Sarunya Pengphol1, Natcha Chuenniam1 and  Wilawan Kumpoun2 
 

Abstract 
Effect of bee wax coating on quality during simulated transportation at 29°C was investigated. The 

experimental design was a Completely Randomized Design (CRD) with 7 treatments (3 replicates): unwashed, 
washed, bee wax coating concentration at 4 and 6%, bee wax coating concentration at 4% with antifungal, 
commercial coating (Teva) and plastic wrap (polyethylene). Then fruit were packed in the cardboard boxes, after 
that transport qualities were analysis every 3 days. It was found that the sour orange of unwashed and 
polyethylene plastic wrap treatments had storage time 12 days, while the coating treatments can extend shelf life 
of the orange up to 15 days. In addition, the 6% bee wax coating was reduced weight loss and slow down the 
yellowing of the peel.  Treatment of 4% bee wax coating with anti-fungal had the highest score of consumer 
sensory such as color, flavor and freshness, followed by 6% bee wax coating treatment. However, total soluble 
solids (TSS) and titratable acidity (TA) in sour orange of all treatments were not significantly throughout 
transportation time.   
Keywords: bee wax coating, sour orange, transportation  
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Figure 1  Weight loss (A) and peel yellowing (B) of sour orange with difference coating materials during simulated 

transportation at 29°C. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2  Appearance of sour orange coating with difference materials during simulated transportation at 29°C. 
 
 
  
 
 
 

 
 
 
 
 
Figure 3  Total soluble solids (A) and titratable acidity (B) of sour orange coated with difference coating materials 

during simulated transportation at 29°C. 
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Figure 4  Sensory evaluation of color (A), flavor (B) and freshness (C) of sour orange coated with difference 

coating materials during simulated transportation at 29°C. 
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Effect of Breaking the Cold Chain on Postharvest Quality of Cos Lettuce 

 
 1,2  1,2,3   1,2,3 

     Warintorn Maneewan1,2 Damorn Bundhurat1,2,3 and Viboon Changrue1,2,3  
 

Abstract 
The quality changes of trimmed cos lettuce (Lactuca sativa var. longifolia)  packaged in a polyethylene 

bag were studied.  Subsequently, cos lettuce was stored 4 °C, RH >80% .  Simulated summer interruptions in 
Thailand at 35 °C for 15 and 30 minutes, respectively. Quality changes were evaluated everyday until the qualities 
were unacceptable by trained panelists.  The qualities evaluated were percentage of weight loss, change in 
chlorophyll contents and color changes.  The results revealed that in broken cold chain condition resulted in 
decreasing shelf life of cos lettuce from 5 days to 3 days after harvested with increasing weight loss throughout 
the storage. Cos lettuce in cold chain condition exhibited increasing in chlorophyll contents during the first 2 days 
of storage and gradually decreased at a later time. Total chlorophyll content of cos lettuce in broken cold chain at 
35 °C for 15 and 30 minutes declined over the shelf life. The color of the leaves had changed from green to brown 
and began to deteriorate. This study indicated that the lack of cold chain had an effect on reducing in quality of 
cos lettuce. 
Keywords: cos lettuce, quality change, cold chain 
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Figure 1  The percentage of weight loss in cos lettuce storage at 4 °C RH>80% 
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Figure 2  The percentage of total chlorophyll content in cos lettuce storage at 4 °C RH>80% 
 
 
 
 
 
 
 
 

 
 
 

Figure 3 Colour change (L* C* h°) in cos lettuce storage at 4 °C RH>80% 
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Effect of Oxalic Acid and Methyl Jasmonate on Quality and Storage Life of Sweet Basil During  
Low Temperature Storage 

 
 1  1  1 

Intira Lichanporn1, Nanchanok Nantachai1 and Palida Tunganurat1 

 
Abstract 

This research aimed to study the effect of oxalic acid (OA) and methyl jasmonate (MeJA) on quality and 
storage life of sweet basil.  The herbs were dipped in 6 mM OA or MeJA for 5 min and were compared with the 
untreated herbs (control). They were air-dried and placed in polyethylene plastic bags and then stored 8+2°C for 
8 days.  Greenness ( -a* ) , total chlorophyll, wiltness, chilling injury, weight loss, malondialdehyde ( MDA) , 
polyphenol oxidase (PPO) and peroxidase (POD) were monitored. The sweet basil dipped in OA or MeJA showed 
delaying color change (-a*), wiltness, chilling injury and weight loss, compared to the control herb. The sweet basil 
dipped in OA or MeJA maintained a higher total chlorophyll than the control after 8 days in storage. The activities 
of PPO and POD and MDA content of the sweet basil dipped in OA or MeJA were lower than those of the control. 
Dipping in MeJA had the highest influence on reducing chilling injury, wiltness, weight loss and PPO activity 
during storage.  MeJA treatment was effective in maintaining the quality of sweet basil up to 8 days of low 
temperature storage. The highest storage life was observed in MeJA treatment (8 days) , while they were only 6 
and 4 days in OA and control, respectively. 
Keywords: chilling injury, oxalic acid, methyl jasmonate, sweet basil  
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Figure 1 Changes in a*, total chlorophyll, wiltness, chilling injury, weight loss, malondialdehyde, polyphenol 

oxidase and peroxidase of sweet Thai basil and then stored at 8±2 °C for 8 days. 
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 Indole-3-Acetic Acid  (Micrococcus yunnanensis)  
 

Effect of Indole-3-Acetic Acid from Bacteria (Micrococcus yunnanensis) on Vase Life 
of Dendrobium cv. Khao Sanan 

 
 1  2,3   1,4 

Unchisa Inoiew1, Savitr Trakulnaleamsai2,3 and Anchaya Mongkolchaiyaphruek1,4 
 

Abstract 
Cut Dendrobium orchid flowers are popular for the export market. Short vase life caused by inappropriate 

post-harvest handling is an important problem.  Thus, vase solution technology is used to delay and extend the 
vase life of flowers.  Indole-3 -Acetic-Acid ( IAA)  is one of the chemicals used in vase solutions.  Now, IAA can 
produce from bacteria and bacterial IAA are beneficial since it is easy to produce, light-resistant, slowly decay 
and safe for the environment.  Thus, this research aimed to investigate the effects of IAA from Micrococcus 
yunnanensis bacteria on senescence and vase life of cut Dendrobium orchid flowers ( Dendrobium cv.  Khao 
Sanan). Bud and open flowers were separately cut then immersed into vase solutions containing bacterial IAA at 0 
(control), 0.05, 0.1, 0.3, 0.5 and 1 ppm. The treated inflorescences were placed under 4 μmol m-2s-1 fluorescent light 
intensity at 25 ± 2 °C temperature and 70-80% relative humidity. The percentage of senescence was recorded every 
two days. The results showed that bacterial IAA at 0.5 ppm was an appropriate concentration for extending the vase 
life of open flowers. It significantly decreased flower drooping and color changes (p ≤ 0.05) and extended vase life of 
open flower up to 24.3 ± 1.0 days, while control treatment (o ppm IAA) showed the lower vase life for 18.0 ± 1.0 days 
(p ≤ 0.01). However, bacterial IAA had no significant effect on extending the vase life of bud flowers. 
Keywords: senescence, vase life, bacterial IAA 
 

 
� öª¥Å¤o�́��°�­�»¨®ªµ¥Á�}��¸É�·¥¤­Îµ®¦́��µ¦­n�°°� Â�nÁ�ºÉ°��oª¥�{�®µ­Îµ�́��º°¤̧°µ¥»�µ¦�{�Â��́�­́Ê� �¹É�Á�·�

�µ��µ¦�´��µ¦®΅��µ¦Á�È�Á�̧É¥ª�¸ÉÅ¤nÁ®¤µ³­¤ �¹�¤̧�µ¦Ä�oÁ��Ã�Ã¨¥̧­µ¦¨³¨µ¥­Îµ®¦́�¥º�°µ¥»�µ¦�{�Â��́� ­µ¦ Indole-3-
Acetic-Acid (IAA) �´�Á�}�­µ¦Á�¤̧��·�®�¹É��¸ÉÄ�oÄ�­µ¦¨³¨µ¥�{�Â��́� �{��»�´� IAA ­µ¤µ¦�� ·̈�Å�o�µ�Â���¸Á¦̧¥Â¨³¤̧�µ¦
Ä�o�¦³Ã¥��r�µ� IAA �¸É� ·̈�Å�o�µ�Â���̧Á¦̧¥ Á�ºÉ°��µ�­µ¤µ¦��¨·�Å�o�nµ¥ ���n°Â­� ­¨µ¥�́ª�oµ Â¨³�¨°�£́¥�n°
­·É�Âª� ö°¤ �́��´Ê��µ�ª·�´¥�¸Ê�¹�¤̧ª´��»�¦³­��rÁ¡ºÉ°�¦ª�­°��¨�°� IAA �µ�Â���¸Á¦̧¥ Micrococcus yunnanensis �n°�µ¦
Á­ºÉ°¤­£µ¡Â¨³°µ¥»�µ¦�{�Â��́��°��°�� öª¥Å¤o�́��°�­�»¨®ªµ¥¡´��»r�µª­�µ� (Dendrobium cv. Khao Sanan) Ã�¥�́�
Â¥��°��¼¤Â¨³�°��µ� Â�n¨�Ä�­µ¦¨³¨µ¥�{�Â��́��¸É¤̧ IAA �µ�Â���¸Á¦̧¥ �ªµ¤Á�o¤�o� 0 (�»��ª��»¤) 0.05 0.1 0.3 0.5 
Â¨³ 1 ppm �µ��́Ê�ªµ�£µ¥Ä�oÂ­�¢ ¼̈°°Á¦­Á���r�ªµ¤Á�o¤Â­� 4 μmol m-2s-1  °»�®£¼¤· 25 ± 2 °�«µÁ�¨Á�̧¥­ �ªµ¤�ºÊ�
­́¤¡´��r 70-80 Á�°¦rÁ�È��r �´��¹�Á�°¦rÁ�È��r�µ¦Á­ºÉ°¤­£µ¡�»� Ç ­°�ª´� �µ��¨�µ¦«¹�¬µ¡�ªnµ IAA �µ�Â���̧Á¦̧¥ �ªµ¤
Á�o¤�o� 0.5 ppm Á�}��ªµ¤Á�o¤�o��¸ÉÁ®¤µ³­¤­Îµ®¦́��µ¦¥º�°µ¥»�µ¦�{�Â��́��°��°��µ� Ã�¥�°��µ�¤̧°µ�µ¦�ªÉÎµÂ¨³�µ¦
Á�¨̧É¥�Â�¨�­̧¨�¨�°¥nµ�   ¤̧�´¥­Îµ�́��µ�­�·�· (p ≤ 0.05) Â¨³­µ¤µ¦�¥º�°µ¥»�µ¦�{�Â��́��°��°��µ�Å�o�µ� 24.3 ± 1.0 
ª´� ��³�̧É�»��ª��»¤¤̧°µ¥»�µ¦�{�Â��́��o°¥�ªnµ �º° 18.0 ± 1.0 ª´� (p ≤ 0.01) °¥nµ�Å¦�È�µ¤ IAA �µ�Â���¸Á¦̧¥Å¤n¤̧�¨�n°
�µ¦¥º�°µ¥»�µ¦�{�Â��́��°��°��¼¤ 
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� öª¥Å¤o­�»¨®ªµ¥¤̧�ªµ¤­Îµ�́��n°�µ¦­n�°°�Å¤o�́��°��°��¦³Á�«Å�¥ Ã�¥�{�®µ�¸É¡�­nª�Ä®�n�º°�µ¦­¼�Á­̧¥

�»�£µ¡¦³®ªnµ��µ¦��­n�Â¨³�Îµ®�nµ¥ Á�ºÉ°��oª¥�µ¦�́��µ¦®΅��µ¦Á�È�Á�̧É¥ª�¸ÉÅ¤nÁ®¤µ³­¤ ­n��¨Ä®o�¼o­n�°°��·¥¤Ä�o­µ¦¨³¨µ¥
Á¡ºÉ°�³¨°�µ¦Á­ºÉ°¤­£µ¡Â¨³¥º�°µ¥»�µ¦�{�Â��́�Ä®o�µ�¥·É��¹Ê� IAA Á�}�­µ¦Ä�� »̈n¤°°��·� �¹É�°¥¼nÄ�¦¼��¸É¡º�­¦oµ�Â¨³�ÎµÅ�Ä�oÅ�o 
¤̧���µ�­Îµ�́�Ä��µ¦¥́�¥́Ê��µ¦­¦oµ�¦°¥Â¥��¦·Áª��µ¦¦nª� (abscission zone) ­n��¨�ÎµÄ®oÁ�·��µ¦® »̈�¦nª��o°¥¨� (�ª¸«́��·Í, 
2559) Â�nÁ�ºÉ°��oª¥ IAA ­́�Á�¦µ³®r­µ¤µ¦�­¨µ¥�´ªÅ�o�nµ¥Â¨³¤̧¦µ�µ�Îµ®�nµ¥­¼� �¹�Å¤n�·¥¤�Îµ¤µÄ�oÄ��µ��µ¦Á�¬�¦ °¥nµ�Å¦
�È�µ¤¤¸�µ¦«¹�¬µª·�´¥�µ��oµ�Â���¸Á¦̧¥ ¡�ªnµÂ���¸Á¦̧¥�µ�� »̈n¤ Á�n� Plant Growth Promoting Rhizobacteria (PGPR) ­µ¤µ¦�
� ·̈� IAA Å�oÂ¨³�¼��Îµ¤µÄ�o�¦³Ã¥��r¤µ��¹Ê� (Zahir et al., 2010) �´Ê��¸Ê IAA �¸ÉÅ�o�µ�Â���¸Á¦̧¥�´Ê�­µ¤µ¦�� ·̈�Å�o�nµ¥ ���n°
Â­� ­¨µ¥�́ª�oµ ¦µ�µ�¼� Â¨³�¨°�£´¥�n°­·É�Âª�¨o°¤ �́�¤̧¦µ¥�µ�ªnµÂ���¸Á¦̧¥ M. yunnanensis ­µ¤µ¦�­´�Á�¦µ³®r IAA Å�o
­¼��¹� 23.12 Å¤Ã�¦�¦´¤�n°¤·¨ ·̈ ·̈�¦ Â¨³­µ¤µ¦�­n�Á­¦·¤�µ¦Á�¦·�Á�·�Ã��°�¡º�Å�o (�´��¦rÂ¦¤ Â¨³��³, 2559) °¥nµ�Å¦�È�µ¤
¥́�Å¤n¤̧¦µ¥�µ��µ¦Ä�o IAA �µ�Â���¸Á¦̧¥Á¡ºÉ°¥º�°µ¥»�µ¦�{�Â��́��°�� öª¥Å¤o�́��°�­�»¨®ªµ¥ �́��´Ê��µ�ª·�´¥�¸Ê�¹�¤»n�«¹�¬µ�¨
�°� IAA �¸ÉÅ�o�µ�Â���¸Á¦̧¥ M. yunnanensis P2-23 �n°�µ¦Á­ºÉ°¤­£µ¡�°��°�� öª¥Å¤o�́��°�­�»¨®ªµ¥¡´��»r�µª­�µ� 
(Dendrobium cv. Khao Sanan)  

 
 

 IAA  M. yunnanensis  
�Îµ�µ¦Á¡µ³Á¨̧Ê¥�Â���̧Á¦̧¥��Á�È¤ M. yunnanensis P2-23 Ä�°µ®µ¦Á®¨ª Haloalkaliphile medium (HA) pH 8        

�¸ÉÁ�·¤ L-tryptophan �ªµ¤Á�o¤�o� 30 mM Ä��́�®¤́���µ� 1.5 ·̈�¦ �ª��»¤°»�®£¼¤·�¸É 35 °�«µÁ�¨Á�¸¥­ °´�¦µ�ª� 260 ¦°�
�n°�µ�̧ Ã�¥Ä®o°µ�µ« 1 ·̈�¦�n°�µ�̧ �Îµ�µ¦Á¡µ³Á¨̧Ê¥�Á�}�Áª¨µ 96-120 �´ÉªÃ¤� ª·Á�¦µ³®r�¦·¤µ� IAA �oª¥ª·�¸�µ�Á�¤̧ Ã�¥�Îµ
��·�· ¦·¥µ�́�  Salkowski reagent ª´��nµ�¼�� º̈�Â­��oª¥Á�¦ºÉ°� Spectrophotometer �¸É �nª�� º̈É�Â­�  530 �µÃ�Á¤�¦ 
Á�¦̧¥�Á�¸¥��́�­µ¦¨³¨µ¥¤µ�¦�µ� IAA �¦·­»��·Í (�´��¦rÂ¦¤ Â¨³��³, 2559) 
 

 Indole-3-Acetic Acid (IAA)  (M. yunnanensis P2-23) 
  

�́�Á º̈°��°�� öª¥Å¤o�¸É¤̧�»�£µ¡�̧ ¤̧�ªµ¤­¤ÉÎµÁ­¤° �¦µ«�µ�Ã¦�Â¨³Â¤¨� ªµ�Â���µ¦��¨°�Â��­»n¤­¤�¼¦�r 
(Completely Randomized Design; CRD) Ã�¥Â�n�Á�}� 6 �¦¦¤ª·�¸ �¦¦¤ª·�¸¨³ 10 �n° (�ÊÎµ¨³ 1 �n°) Ã�¥�́�Â¥��°��¼¤Â¨³
�°��µ�°°��µ��́� �µ��́Ê�Â�n¨�Ä�­µ¦¨³¨µ¥�{�Â��´��¸É¤̧ IAA �µ�Â���¸Á¦̧¥ M. yunnanensis P2-23 �ªµ¤Á�o¤�o� 0      
(�»��ª��»¤) 0.05, 0.1, 0.3, 0.5 Â¨³ 1 ppm �ÎµÅ�ªµ��̧É°»�®£¼¤· 25 ± 2 °�«µÁ�¨Á�¸¥­ �ªµ¤�ºÊ�­́¤¡´��r 70-80 Á�°¦rÁ�È��r 
�´��¹��¨�µ¦��¨°��»�­°�ª́� �́��¸Ê Á�°¦rÁ�È��r�ÊÎµ®�´�­� °́�¦µ�µ¦�¼��ÊÎµ Á�°¦rÁ�È��r�µ¦Á­ºÉ°¤­£µ¡�°��°��¼¤Â¨³�°��µ� 
(°µ�µ¦�°��¼¤Á® º̈°�Â¨³�°��µ��ªÉÎµ) �µ¦Á�¨̧É¥�Â�¨�­̧�°��¨̧��°�¦µ¥�µ��¨Á�}��nµ L* Â¨³ b* Â¨³°µ¥»�µ¦�{�Â��́� 
Ã�¥�¦³Á¤·��µ�°µ�µ¦Á­ºÉ°¤­£µ¡Á�·� 50 Á�°¦rÁ�È��r�°��n°�°��º°ªnµÁ�}��n°�°��¸É®¤�°µ¥»�µ¦Ä�o�µ� 

 
 

�µ¦«¹�¬µ¦³�́��ªµ¤Á�o¤�o��¸ÉÁ®¤µ³­¤�°� IAA �¸ÉÅ�o�µ�Â���¸Á¦̧¥�n°�µ¦Á�¨̧É¥�Â�¨��»�£µ¡Â¨³°µ¥»�µ¦�{�Â��́�
�°�� öª¥Å¤o�́��°�­�»¨®ªµ¥¡´��»r�µª­�µ� ¡�ªnµ �µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�´�­��°��°��µ�¤¸Â�ªÃ�o¤¨�¨�°¥nµ��n°Á�ºÉ°� Ã�¥
� öª¥Å¤o�¸ÉÅ�o¦́� IAA �µ�Â���¸Á¦̧¥ �ªµ¤Á�o¤�o� 0.5 ppm ¤̧�ÊÎµ®�´�­�¨�¨��o°¥�¸É­»� ¦°�¨�¤µ�º° 0.05, 0.3, 1 Â¨³ 0.1 
ppm �µ¤ Î̈µ�́� (Figure 1A) Ä���³�̧É�°��¼¤¤̧�µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�´�­�Á¡·É¤¤µ��¹Ê�Ä��nª� 8 ª´�Â¦��°��µ¦�{�Â��´� 
�µ��´Ê�¨�¨�°¥nµ��n°Á�ºÉ°� (Figure 1B) °¥nµ�Å¦�È�µ¤Å¤n¡��ªµ¤Â���nµ��°��µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�´�­�°¥nµ�¤̧�´¥­Îµ�́�
�µ�­�·�·�´Ê�Ä��°��µ�Â¨³�°��¼¤�¸ÉÅ�o¦́� IAA �»�¦³�́��ªµ¤Á�o¤�o� �°��µ��¸Ê�µ¦Å�o¦́� IAA �ªµ¤Á�o¤�o� 0.5 ppm ­n��¨
Ä®o�°��µ�¤̧°´�¦µ�µ¦�¼��ÊÎµ¤µ��ªnµ (Figure 1C) ¦ª¤�́Ê�Á�·��µ¦Á­ºÉ°¤­£µ¡�°��°��µ� �º° Á�·�°µ�µ¦�ªÉÎµ (Figure 1E) 
Â¨³�µ¦Á�¨̧É¥�Â�¨�­̧�°� (Figure 2A)  �o°¥Â¨³�oµ�ªnµ�°��µ��¦¦¤ª·�¸°ºÉ�°¥nµ�¤̧�´¥­Îµ�́��µ�­�·�· (p ≤ 0.05) Ã�¥�°�
�µ��̧ÉÅ�o¦́� IAA �µ�Â���¸Á¦̧¥ �ªµ¤Á�o¤�o� 0.5 ppm ¤̧�µ¦�ªÉÎµ�°��°��µ��o°¥�¸É­»� ¦°�¨�¤µ�º° 0 (�»��ª��»¤) 1, 0.3,  
0.05 Â¨³ 0.1 ppm �µ¤ Î̈µ�́� Ä���³�̧ÉÅ¤n¡��ªµ¤Â���nµ�°¥nµ�¤̧�´¥­Îµ�́��µ�­�·�·�°�°´�¦µ�µ¦�¼��ÊÎµÂ¨³�µ¦Á® º̈°��°�
�°��¼¤�¸ÉÅ�o¦́� IAA �»�¦³�́��ªµ¤Á�o¤�o� (Figure 1D,F) �´Ê��¸Ê�µ¦Á�¨̧É¥�Â�¨��nµ�ªµ¤­ªnµ��°�­¸ (L*) Ä��°��µ��³¨�¨�
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°¥nµ��n°Á�ºÉ°�Á¤ºÉ°�°�� öª¥Å¤oÁ�·��µ¦Á­ºÉ°¤­£µ¡ Ã�¥Ä��nª� 14 ª´��°��µ¦«¹�¬µ ¡�ªnµ �°�� öª¥Å¤o�¸ÉÅ�o¦́� IAA �µ�
Â���̧Á¦̧¥ �ªµ¤Á�o¤�o� 0.5 ppm ¤̧�nµ�ªµ¤­ªnµ��°�­̧¨�¨��oµ�¸É­»� ¦°�¨�¤µ�º° �°�� öª¥Å¤o�¸ÉÅ�o¦́� IAA �ªµ¤Á�o¤�o� 1, 
0.05, 0.3, 0 (�»��ª��»¤) Â¨³ 0.1 ppm �µ¤ Î̈µ�́� (Figure 2A) Â¨³¡��µ¦Á�¨̧É¥�Â�¨��nµ b* �o°¥�¸É­»�Ä��°�� öª¥Å¤o�¸É
Å¤nÅ�o¦́� IAA (�»��ª��»¤) ¦°�¨�¤µ�º° �°��µ��̧ÉÅ�o¦́� IAA �ªµ¤Á�o¤�o� 0.05, 0.5, 0.3, 1 Â¨³ 0.1 ppm ¤̧�µ¦Á¡·É¤�¹Ê��°�
�nµ­̧ b* �µ¤ Î̈µ�́� (Figure 2B) �¹É��µ¦Á�¨̧É¥�Â�¨�­̧ (�nµ L* Â¨³ b*) �°��°�� öª¥Å¤oÂ�n¨³�¦¦¤ª·�¸¤̧�ªµ¤Â���nµ��́�°¥nµ�
¤̧�´¥­Îµ�́��µ�­�·�· (p ≤ 0.05) 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 

Figure 1 Fresh weight (A,B), water uptake (C,D) and senescence (E,F) of open and bud flowers treated 
with/without bacterial IAA 

 
 
 
 
 
  
 
 
 

Figure 2  Color change L* (A) and b* (B) of open flowers treated with/without bacterial IAA  
 

�´Ê��¸Ê�µ¦Á�¨̧É¥�Â�¨��»�£µ¡�̧ÉÁ�·��¹Ê�­n��¨�n°°µ¥»�µ¦�{�Â��́��°��°�� öª¥Å¤o Ã�¥¡�ªnµ �°��µ��̧ÉÅ�o¦́� IAA 
�ªµ¤Á�o¤�o� 0.5 ppm ¤̧°µ¥»�µ¦�{�Â��́�Á¡·É¤�¹Ê�Á�}� 24.3 ± 1.0 ª´� �¹É�Â���nµ�°¥nµ�¤̧�´¥­Îµ�́�¥·É��µ�­�·�· (p ≤ 0.01)         
Á¤ºÉ°Á�¦̧¥�Á�¸¥��́��°��µ��̧ÉÅ�o¦́� IAA �ªµ¤Á�o¤�o� 0 (�»��ª��»¤) 1, 0.3, 0.1 Â¨³ 0.05 ppm �¸É¤̧°µ¥»�µ¦�{�Â��´�Ã�¥Á�¨̧É¥ 

B A 

A B 

C D 

E F Drooping Yellowing 
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18.0 ± 1.0, 18.0 ± 0.6, 16.3 ± 1.6, 16.0 ± 1.2 Â¨³ 15.7 ± 0.7 ª´�  �µ¤ Î̈µ�́�  Ä���³�¸É Å¤n¡��ªµ¤Â���nµ�°¥nµ�¤̧
�´¥­Îµ�́��µ�­�·�·�°�°µ¥»�µ¦�{�Â��́��°��°��¼¤�¸ÉÅ�o¦́� IAA �»�¦³�́��ªµ¤Á�o¤�o� (Table 1) 
 

Table 1  Effects of IAA from bacteria (M. yunnanensis P2-23) on vase life of Dendrobium cv. Khao sanan 

 
 

� öª¥Å¤o�¸ÉÅ�o¦́� IAA �µ�Â���̧Á¦̧¥ �ªµ¤Á�o¤�o� 0.5 ppm ­µ¤µ¦��³¨°�µ¦Á�¨̧É¥�Â�¨��ÊÎµ®�´�­� °´�¦µ�µ¦�¼�
�ÊÎµ °µ�µ¦�ªÉÎµ �µ¦Á�¨¸É¥�Â�¨�­̧ Â¨³Á¡·É¤°µ¥»�µ¦�{�Â��́��°��°��µ�Å�o Ä���³�̧É�ªµ¤Á�o¤�o��ÉÎµ (0 0.05 0.1 Â¨³ 0.3 
ppm) Â¨³�ªµ¤Á�o¤�o�­¼� (1 ppm) Å¤n­µ¤µ¦��³¨°�µ¦Á­ºÉ°¤­£µ¡�°��°��µ�Å�o �́��¸É¤̧¦µ¥�µ�Ä��°�� öª¥Å¤o­�»¨¤°��µ
¦nµ¡´��»r®¤¼Â���¸ÉÄ�o NAA �¹É�Á�}�°°��·�­́�Á�¦µ³®r�ªµ¤Á�o¤�o� 200 μM ­µ¤µ¦��³¨°�µ¦¨�¨��°�°´�¦µ�µ¦�¼��ÊÎµ �µ¦� ·̈�
Á°�·¨̧� �µ¦® »̈�¦nª� Â¨³­µ¤µ¦�¥º�°µ¥»�µ¦�{�Â��́�Å�o (�´¥£¼¤· Â¨³��³, 2554) Â¨³� öª¥Å¤o­�»¨®ªµ¥¡´��»rÂ°��µ ¤̧�µ¦Ä�o
°°��·�­́�Á�¦µ³®r IBA �ªµ¤Á�o¤�o� 50 ppm ¡�ªnµ ­µ¤µ¦�¨��µ¦Á�·�Á­o�Áª��°��°��µ�Â¨³�µ¦Á® º̈°��°��°��¼¤ ¨�
�µ¦® »̈�¦nª� Â¨³­µ¤µ¦�¥º�°µ¥»�µ¦�{�Â��́�Å�o (�µ���µ Â¨³ °¦»�¦́��r, 2553) �´Ê��¸Ê°°��·��ªµ¤Á�o¤�o�­¼� ­n��¨Ä®o�°�
� öª¥Å¤oÁ�·��µ¦Á­ºÉ°¤­£µ¡¤µ� °µ�Á�}��¨Á�ºÉ°�¤µ�µ�°°��·�Ä��¦·¤µ�¤µ�Å��¦³�»o��µ¦�Îµ�µ��°�Á°�Å�¤r ACC synthase 
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�µ¦Ä®o­µ¦¨³¨µ¥ IAA �µ�Â���̧Á¦̧¥ M. yunnanensis P2-23 �ªµ¤Á�o¤�o� 0.5 ppm ­µ¤µ¦�¥º�°µ¥»�µ¦�{�Â��́�
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Ketsa, S. and F. Thampitakorn. 1995. Characteristics of ethylene production of Dendrobium orchid flowers. Acta Horticulture. 405: 253-263. 
Zahir, Z.A., M.K. Shah., M. Naveed and M.J. Akhter. 2010. Substrate-dependent auxin production by Rhizobium phaseoli improves the 

growth and yield of Vigna radiata L. under salt stress conditions. Journal of Microbiology and Biotechnology 20: 1288-1294. 

Treatment Vase life (Days) 
Open flower  Bud flower 

Control 18.0 ± 1.0 b 18.2 ± 0.9 
0.05 ppm IAA 15.7 ± 0.7 b 19.8 ± 0.8 
0.1 ppm IAA 16.0 ± 1.2 b 17.6 ± 0.4 
0.3 ppm IAA 16.3 ± 1.6 b 18.8 ± 0.7 
0.5 ppm IAA 24.3 ± 1.0 a 17.8 ± 0.6 
1 ppm IAA 18.0 ± 0.6 b 19.6 ± 0.5 
F-test ** ns 
C.V. (%) 22.0 11.8 
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Arabica Parchment Coffee Drying Using Solar Energy with Automatic Temperature Control 

 
 1  2  1  1  1  1   2 

 2  3 
Pongrawee Namwong1, Preecha Ananrattanakul2, Sanong Omaroek1, Manop Rakyat1, Niti Pookjit1,  Sorawit Junjenjob1., Parinyawat 

Yoothongin2, Kochathorn Angboonpong2 and Sarinna Maplook3 
 

Abstract 
Arabica parchment coffee drying study was conducted using solar energy equipped in 4 x 6 m2 curved-

roof drying house. The automated drying system controlled the maximum temperature of 45 ºC and 75%  relative 
humidity. Two 30-watt fans were used to provide flow rate of 700 m3/hr for removing heat and moisture from the 
drying house. There were 8 drying racks inside the unit, holding at least 1.5 ton of coffee parchment. In this study, 
the test was conducted during January to March. Every hour along the test, 2.5 kg of coffee sample were taken 
out in order to track the moisture content.  The study found that coffee parchment had initial moisture content of 
55% .  Maximum and minimum temperature in the drying house was 39. 4 and 6. 1 ºC, respectively.  Average 
temperature and relative humidity were 18.73 ºC and 57.27%, respectively. The drying process took about 7 to 10 
days, making moisture content in coffee parchment declined to 12.0% . The drying rate was 0.2665% /hr. At last, 
obtained coffee samples from solar energy drying house showed no physical damage; i.e., breaking and bending, 
compared with ones from conventional drying process which took much longer time (3 times). 
Keywords: Arabica coffee, drying, solar drying 
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Figure 1  Automatic data logging scales 
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Figure 2  Drying curve and drying temperature 

 

 
Figure 3  Parchment Arabica coffee after drying 

 
 

  7-10  
  12 w.b.  0.2665 %w.b.  

 18.73   57.27%  0.2665 %w.b.  
   (Figure 3) 

 
 

  2.5  
  55 %w.b.  39.4   6.1  

 18.73   57.27%  7-10    12 %w.b.(
, 2549)  0.2665 %w.b.    

   
 

 
 . 2542. .  : . 

 ,  ,  ,  ,  ,    .  2549.  
.    , . 

.  2553.  . , . 86 . 
. 2560.   ( )  2560. [ ]. 

: http://www.solar dryerdede.com/?p=1823. (19  2562). 
 
 
 
 



Agricultural Sci. J. 52 : 2 (Suppl.) : 122-125 (2021)  . . . 52 : 2 ( ) : 122-125 (2564) 

 
Classification of Marigold Seeds with Image Analysis and Pattern Recognition Artificial Neural Network  

 
 1   2  

Poonpat Poonnoy1 and Pranom Yangkhamman2 

 
Abstract 

An air separator is unable to separate some immature marigold seeds from the mature ones because the 
weight of these seeds can be in the same range. The average seed weight is 0.003 g. In order to separate these 
seeds, visual inspection is carried out by experts.  The experts typically remove the brown seeds from the black 
ones as they are considered immature. This process is labor-intensive and time-consuming. This study, therefore, 
aimed to develop an image analysis technique for the classification of immature and mature marigold seeds 
based on colors. A computer software was created with MATLAB to determine the histogram of 1,428 immature 
and 1,460 mature marigold seeds in HSV mode. The histogram data was paired with the types of seeds, totaling 
2,888 datasets. Consequently, a pattern recognition artificial neural network (ANN) model was created. The inputs 
of the ANN were the histogram data, and the outputs were the types of seeds.  The classification results were 
compared with the expert.  It was found that the results obtained from the ANN model were in good agreement 
with the expert at the accuracy of 99.2% and 97.2%, respectively. Therefore, image analysis and ANN model were 
considered promising approaches for the automated classification of marigold seeds.   
Keywords: classification, artificial neural network, image analysis, marigold seed  
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(a) Mature marigold seed 

(b) Immature marigold seed 
Figure 1 Characteristics and histogram of marigold seed 
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