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คํานํา 

มหาวิทยาลัยเกษตรศาสตรไดจัดการประชุมวิชาการอยางตอเนื ่องเปนประจําทุกป โดยรวมกับ

กระทรวงการอุดมศึกษา วิทยาศาสตร วิจัย และนวัตกรรม กระทรวงเกษตรและสหกรณ กระทรวงศึกษาธิการ 

กระทรวงทรัพยากรธรรมชาติและสิ่งแวดลอม กระทรวงดิจิทัลเพื่อเศรษฐกิจและสังคม สํานักงานคณะกรรมการ

สงเสริมวิทยาศาสตร วิจัยและนวัตกรรม สํานักงานการวิจัยแหงชาติ และเครือขายวิจัย “ประชาชื่น” รวมถึง

สมาคมวิชาชีพตางๆ จัดใหมีการประชุมทางวิชาการ ครั้งที่ 63 ระหวางวันที่ 4-6 มีนาคม พ.ศ. 2568 ภายใต

หัวขอ “ปญญาประดิษฐสูการใชประโยชนและการพัฒนาอยางยั่งยืน (Artificial Intelligence to Utilization 

and Sustainable Development)” เพื่อมุงสงเสริมใหนักวิชาการและคณาจารยจากสาขาตางๆ นําเสนอ

ผลงานวิจัย แลกเปลี่ยนความคิดเห็น ประสบการณ และความชํานาญ ระหวางนักวิชาการ คณาอาจารยของ

ภาครัฐและภาคเอกชน ซึ่งจะนําไปสูความรวมมือทางการวิจัยและยังเปดโอกาสใหนิสิต นักศึกษา ไดแสดงผล

งานทางวิชาการ โดยความรูและวิทยาการใหมๆ ดังกลาว ยังไดถายทอด เผยแพรสูสาธารณชน อันจะนํามาซ่ึง

ความกินดี อยูดี และการพัฒนาประเทศอยางยั่งยืน  

การประชุมทางวิชาการมหาวิทยาลัยเกษตรศาสตร ครั้งที่ 63 มีการนําเสนอผลงานภาคโปสเตอร

จํานวน 84 เรื่อง จาก 12 สาขา ไดแก สาขาพืช สาขาสัตว สาขาสัตวแพทยศาสตร สาขาประมง สาขาสงเสริม

การเกษตรและคหกรรมศาสตร สาขาวิทยาศาสตร สาขาวิทยาศาสตรสุขภาพ สาขาวิศวกรรมศาสตรและ

สถาปตยกรรมศาสตร สาขาอุตสาหกรรมเกษตร สาขาทรัพยากรธรรมชาติและสิ่งแวดลอม สาขาศึกษาศาสตร 

และสาขามนุษยศาสตรและสังคมศาสตร โดยจัดใหมีการนําเสนอผลงานภาคโปสเตอร ณ หองโถง ชั้น 3 

อาคารสํานักบริการคอมพิวเตอร มหาวิทยาลัยเกษตรศาสตร 

ในนามของคณะกรรมการดําเนินงานจัดการประชุมทางวิชาการมหาวิทยาลัยเกษตรศาสตร ครั้งที่ 63 

ขอขอบคุณ นักวิจัย นักวิชาการ คณาจารยท่ีไดนําผลงานมาเสนอ และผูท่ีสนใจเขารวมการประชุมทางวิชาการ

ในครั้งนี้ ขอขอบคุณคณะกรรมการทุกฝายที่สละเวลา แรงกาย แรงใจและความคิด รวมมือกันจัดเตรียมการ

ประชุม จนทําใหการประชุมทางวิชาการครั้งนี้สําเร็จลุลวงไปดวยดี 

 (ดร.ดำรงค์ ศรีพระราม) 

รักษาการแทนอธิการบดีมหาวิทยาลัยเกษตรศาสตร์ 
    ประธานคณะกรรมการอำนวยการจัดการประชุมทางวิชาการ      

     มหาวิทยาลัยเกษตรศาสตร์ ครั้งท่ี 63 



การเสนอผลงานทางวิชาการ 

ภาคโปสเตอร 

(Poster Presentation) 
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กลุมการนําเสนอท่ี 1 ประธานกลุม: รองศาสตราจารย ดร.สมพร อิศวิลานนท 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

1 24 Optimization of factors affecting micropropagated Betula alnoides Buch.-Ham. 

ex G.Don. for systematic approach 

Sukalya Poothong, Orada Chumphukam, Nanthatchaphon Kaeothom, 

Nutchanan Duangkon 

2 39 การจัดการปุยอินทรียสําหรับการผลิตทุเรียนอินทรยีจังหวัดจันทบุร ี

เครือวัลย ดาวงษ, วิจิตรา โชคบุญ, นิภาพร เพชรชนะ, หฤทัย แกนลา, เพ็ญจันทร วิจิตร,  

อรุณี แทงทอง, อุมาพร รักษาพราหมน 

3 57 ประสิทธิภาพการจดัการแมลงศัตรูพืชในแปลงถ่ัวฝกยาวโดยวิธีใชพืชกับดักแบบขับไลและดึงดูด 

วิกันดา รัตนพันธ, มานพ ธรสินธุ 

4 61 การจัดการแมลงศัตรฝูายเสนใยสีเขียวสายพันธุกาวหนา 

สมคิด พันธด,ี พยุดา จันทรเก้ือ, ศิวิไล ลาภบรรจบ 

5 85 ศึกษาความเปนพิษของสารกําจัดวัชพืชแบบสารผสม (อะลาคลอร+อะทราซีน อะมีทรีน+

อะทราซีน และมีโซไตรโอน+อะทราซีน) ตอการเจรญิเติบโตของกลวยหอมทอง 

เอกรัตน ธนูทอง, จรัญญา ปนสุภา, ภัทรพิชชา รุจิระพงศชัย, ปรัชญา เอกฐิน,  

เทอดพงษ มหาวงศ, อุษณีย จินดากุล 

6 90 ผลของชีวภัณฑแบคทีเรีย Bacillus amyloliquefaciens DL9 ในการยับยั้งการเจรญิของ 

เสนใยเช้ือรา Aspergillus section Nigri ท่ีปนเปอนจากผลองุนพันธุแบล็คโอปอล 

วีรภรณ เดชนําบัญชาชัย, บุญญวดี จิระวุฒิ, รัตตา สุทธยาคม, กัลยลักษณ เสนาะสําเนียง,  

ณัฐกานต สาตราภัย 

7 92 ผลของน้ํามันหอมระเหยจากพืช 6 ชนิดตอการปองกันการลงทําลายของปลวกใตดิน 

Coptotermes gestroi Wasmann (Isoptera: Rhinotermitidae) 

มานพ ธรสินธุ, วิกันดา รัตนพันธ 

8 115 ประสิทธิภาพของไอน้ํามันหอมระเหยในการตานเช้ือราหลังการเก็บเก่ียวขององุนรับประทานสด 

นภัสสร เลียบวัน, วีรภรณ เดชนําบัญชาชัย, ศิวัช พลายเสน, วิมลวรรณ วัฒนวิจิตร 

9 118 การสํารวจสารกําจดัศัตรูพืชตกคางในพืชและสิ่งแวดลอมจากแหลงปลูกสับปะรดในจังหวัด

ชลบุรี และระยอง 

ปภัสรา คุณเลิศ, สิริโชค วงศศรไีพศาล, ประกิจ จันทรติ๊บ 

10 121 การจัดการปญหาขอเสนอแนะและแนวทางการจัดการโรคใบดางมนัสําปะหลังของเกษตรกร 

ในตําบลธงชัยเหนือ อําเภอปกธงชัย จังหวัดนครราชสีมา 

ศลิตา พลไชย, ธํารงเจต พัฒมุข, สัจจา บรรจงศิร,ิ วนาลัย วิริยะสุธี 

 

สาขาพืช 
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กลุมการนําเสนอท่ี 1 ประธานกลุม: รองศาสตราจารย ดร.สมพร อิศวิลานนท 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

11 123 การประเมินความเสีย่งจากการใชสารปองกันกําจัดแมลง ฟโพรนิล ในองุน ตอเกษตรกร  

ผูใชผูบริโภค และสิ่งแวดลอม 

ลักษมี เดชานุรักษนุกูล, สิริโชค วงศศรีไพศาล, ปภัสรา คณุเลิศ, นพดล มะโนเย็น,  

ทิตยา บุญทองโท 

12 124 ประสิทธิภาพของสารปองกันกําจดัเช้ือราตอการยับยั้งเช้ือราสาเหตโุรคผลเนาของทุเรยีน 

บุญญวดี จริะวุฒิ, รัตตา สุทธยาคม, วีรภรณ เดชนําบัญชาชัย, กัลยลักษณ เสนาะสําเนียง,  

ณัฐกานต สาตราภัย 

13 125 Development of DNA markers for differentiating Pterocarpus macrocarpus and 

Pterocarpus indicus using partial chloroplast genome sequences 

Prin Phunngam, Kittiya Singthong, Keereeluk Sirikarin, Mayuree Puttasan,  

Panida Roongrattanakul 

14 128 ผลของจํานวนและขนาดของพืชอาศัยท่ีมีตอการวางไขของแมลงวันพริก 

วรรณวิสา ทองฉิม, วิกันดา รัตนพันธ 

15 142 การคัดเลือกและประเมินสายพันธุมะเขือเทศตานทานโรคเหี่ยวเขียว 

ณัฐรดา โสพิลา, ศุภรัตน ศรีทะวงษ, รุงนภา ทองเคร็ง, สุดใจ ลอเจรญิ, เสาวนี เขตสกุล,  

จีรภา ออสติน 

16 150 Simulation spatial model for analyzing the cooling effects of downwash 

turbulence on maize canopies, designed to enhance pollination efficiency  

using thermal imaging data collected from UAVs 

Rattana Boonprasert, Piyatida Siriake, Piyarat Vijuksungsith, Tiwa Pakoktom,  

Gunn Panprayun 

17 170 การประเมินความทนทานตอความเครียดจากการขาดน้ําในทอนพันธุมันสําปะหลัง 

ชฎาพร อินเปลี่ยน, กุสุมา รอดแผวพาล, สุวลักษณ ศันสนีย, ภานุวัฒน มูลจันทะ,  

นราชัย โพธ์ิสาร 

18 173 โรคฝกเนาของโกโกท่ีเกิดจากเช้ือรา Lasiodiplodia theobromae และการควบคุมเช้ือรา

สาเหตุโรคโดยใชแบคทีเรียปฏิปกษ 

กัลยลักษณ เสนาะสาํเนียง, บุญญวดี จิระวุฒิ, โกเมศ สตัยาวุฒิ, สุกัญญา นิติยนต,  

ณัฐกานต สาตราภัย 

19 174 อิทธิพลของเหยื่อและอาหารทางเลือกตอการเจริญเติบโตและการขยายพันธุของ 

เเมลงหางหนีบสีดาํ 

ชนิดา ตะเภานอย, วิกันดา รัตนพันธ 
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กลุมการนําเสนอท่ี 1 ประธานกลุม: รองศาสตราจารย ดร.สมพร อิศวิลานนท 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

20 175 การวิเคราะหขอมลูสารเมตาบอไลตโดยรวมของสารประกอบกลุมฟลาโวนอยดและควิโนน    

(รงควัตถุใหสี) ในขาวสรรพสี 3 สายพันธุโดยใชเทคนิคลิควิดโครมาโทกราฟ-แมสสเปกโทรเมตรี

ดวยเทคโนโลยเีมตาโบโอมิกส 

ธีรพันธุ สิงขรรค, พิเชษฐ อนุรักษอุดม, อภิชาติ วรรณวิจติร 

21 196 การศึกษาแนวทางการใชประโยชนจากผลติภณัฑเปลือกไขตอการเจริญเติบโตของเมลอน 

อัครเดช ตุมทอง, นภาพร พันธุกมลศิลป, เกียรติศักดิ์ สนศร ี

22 201 การเฝาระวังโรคท่ีเกิดจากไฟโตพลาสมาในพืชเศรษฐกิจและวัชพืช ในประเทศไทย  

อรวรรณ ทองนาปา, ศิริพร ดอนเหนือ 

23 216 การจัดกลุมสภาพแวดลอมสาํหรับการปรับปรุงพันธุมันสําปะหลัง 

กุสุมา รอดแผวพาล, วลัยพร ศะศปิระภา 

24 228 ปริมาณสารอัลลีโลเคมิคอลและฤทธ์ิตานอนุมูลอิสระของสารสกัดจากใบของวัชพืช 

วงศ Asteraceae บางชนิด 

โชคชัย เย็นใจ, ทศพล พรพรหม, จําเนียร ชมภ ู

25 230 High efficiency of micropropagation for phytochemical production in 

Boesenbergia rotunda L. 

Orada Chumphukam, Kongdech Savaspun, Trakul Prommajak, Sukalya Poothong 
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วาสนา นาราศร,ี ชุษณา เมฆโหรา, ทิพยธิดา แกวตาทิพย, อุษาพร ภูคัสมาส 
 

 

 

กลุมการนําเสนอท่ี 3 ประธานกลุม: ดร.นีรนุช ภาชนะทิพย 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

70 53 เตาประหยัดพลังงานจากน้ํามันเหลือใชและวัสดุธรรมชาต ิ

ประการ สังเมียน, ตัทชญา ปลองไหม, สุชาติ กลิ่นเขียว, อภิเดช หสัรังษี, สันติพงศ ฉิมผุด,  

พัชรพล ดวงฉุย, กฤษณพงศ ไกรแกว, สาคร จันทรมา, ทิวากร ศรีตะวัน 

71 154 การเฝาระวังสารปองกันกําจัดศตัรพืูชปนเปอนในบริเวณพ้ืนท่ีเกษตรกรรมลุมน้ําปาสัก 

สิริพร เหลืองสุชนกุล, ประกิจ จันทรติ๊บ, สิริโชค วงศศรีไพศาล, นพดล มะโนเย็น 

72 158 การประเมินคารบอนฟุตพริ้นทของผลิตภัณฑยางแผนรมควัน กรณีศกึษา โรงงานสหกรณ 

ผลิตยางแผนรมควัน อ.ทุงสง จ.นครศรีธรรมราช 

ศรีสดุา มาตา, จารุวรรณ วงคทะเนตร, อัจฉรา อัศวรุจิกุลชัย, เพียงใจ พีระเกียรติขจร 

73 189 ประสิทธิภาพของ ผกับุง (Ipomoea aquatica Forsk) และ ผักกระเฉด  

(Neptunia oleracea Lours) ในระบบบึงประดิษฐเพ่ือบําบัดน้ําเสียจากการเพาะเลี้ยงสัตวน้ํา 

พรชัย นุมวงศ, ตุลวิทย สถาปนจารุ, อดิศร ทรงคณุ, ศุภวิชญ รุงเหมอืนฟา, ดิรดา บุญนารอด, 

กนิษฐชนก เมืองแกว, กัณฐิกา นนทามิตร 

74 190 การใชไบโอชารท่ีตรึงดวยจลุินทรยี (Bacillus subtilis) ในระบบบึงประดิษฐเพ่ือเพ่ิม

ประสิทธิภาพในการบําบัดน้ําเสยี 

ศุภวิชญ รุงเหมือนฟา, ตุลวิทย สถาปนจาร,ุ พรชัย นุมวงศ, อดิศร ทรงคุณ, ดิรดา บุญนารอด, 

กนิษฐชนก เมืองแกว, กัณฐิกา นนทามิตร 

75 227 ผลของการใชสารอะทราซีนตอจุลนิทรียดินในแปลงปลูกขาวโพดเลี้ยงสัตว 

มนตชัย มนัสสิลา, จิตรา เกาะแกว, สนธยา ขําติ๊บ, บุณฑริก ฉิมชาติ, อํานาจ เอ่ียมวิจารณ,  

กนกอร บุญพา, ปภัสรา คณุเลศิ 
 

 

 

 

สาขาทรัพยากรธรรมชาติและส่ิงแวดลอม 
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กลุมการนําเสนอท่ี 3 ประธานกลุม: ดร.นีรนุช ภาชนะทิพย 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

76 30 การพัฒนาผลสัมฤทธ์ิทางการเรียนตามแนวคิดการเรียนรูเชิงรุกผานกิจกรรมการสอนแบบ 

ARNON Model รายวิชาศาสนา เรื่อง พุทธศาสนสุภาษิต สําหรับนักเรียนช้ันมัธยมศึกษาปท่ี 3 

อานนท ปลํ้ากระโทก, สุริชา ฐานวิสัย 

77 143 Innovative enhance understanding of mitosis through a modified Werewolf game 

approach 

Chatchaya Udomkiratak, Thitichaya Cheewawisit, Pittayud Aursukitwattana 

78 188 ผลการใชบอรดเกมตามกระบวนการจัดการเรยีนรูแบบสืบเสาะ เรื่อง อาชญากรรมทาง

อินเทอรเน็ต สําหรับนักเรียนช้ันมธัยมศึกษาปท่ี 2 

วัชรี แซงบุญเรือง, สุวิสาข จรัสกมลพงศ, ศรีสดุา ดวงโตด, พงศเทพ โคตรประทุม,  

พสธร ปุระเทพ, สุภาวดี อินเทพ 

79 210 การพัฒนาบอรดเกมโดยใชเทคนิคการเรยีนรูแบบรวมมือรูปแบบกลุมแขงขัน เพ่ือสงเสรมิทักษะ

การคิดวิิเคราะห การแกปญหาอยางงาย ในรายวิชาเทคโนโลยี (วิทยาการคํานวณ)  

สําหรับนักเรียนระดบัประถมศึกษาตอนตน 

วันวิสาข ชมศิร,ิ สุวิสาข จรสักมลพงศ, ศรีสุดา ดวงโตด, วัชรี  แซงบุญเรือง,  

พงศเทพ โคตรประทุม, พสธร ปุระเทพ 

80 212 การพัฒนาทักษะการอานเพ่ือความเขาใจโดยใชการเรยีนรูแบบทีมเปนฐานสําหรบันักเรียน 

ช้ันมัธยมศึกษาปท่ี 5 

ธนกร เปรมปรีดิ,์ จิราภรณ กาแกว, สหพล อุดม 

81 232 การพัฒนารูปแบบการเรยีนรูท่ีสงเสริมสมรรถนะดานเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK 

ในการจัดการเรียนรูเชิงรุกสาํหรับครูสังกัดสํานักงานการศึกษาข้ันพ้ืนฐาน  

จังหวัดนครพนม 

ศรีสดุา ดวงโตด, พงศเทพ โคตรประทุม, พสธร ปุระเทพ, สุวิสาข จรัสกมลพงศ,  

วัชรี แซงบุญเรือง, ไพฑูรย พวงยอด 
 

 

 

 

 

 

 

 

 

 

สาขาศึกษาศาสตร 



 xii 

 

 

กลุมการนําเสนอท่ี 3 ประธานกลุม: ดร.นีรนุช ภาชนะทิพย 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

82 241 การประยุกตแบบจําลอง Land Change Modeler เพ่ือคาดการณการเปลีย่นแปลงการใชท่ีดิน

กรณีศึกษา: อําเภอเชียงคาน จังหวัดเลย 

จิรารักษ ปนสุวรรณ, ธีรพงษ กุลก้ัง, มนตรี พิมพใจ, นันทพร อยูสะอาด 

83 183 การประยุกตใชคิวอารโคด เพ่ือเพ่ิมประสิทธิภาพการบริหารจัดการครุภณัฑ กรณีศึกษาของ

ภาควิชาผลติภณัฑประมง คณะประมง มหาวิทยาลัยเกษตรศาสตร 

มีนา ปานทอง, ทิวากร ศรีตะวัน  
 

 

 

กลุมการนําเสนอท่ี 3 ประธานกลุม: ดร.นีรนุช ภาชนะทิพย 

ลําดับท่ี รหัสผลงาน ชื่อผลงาน 

84 36 การตรวจหาเช้ือ E.coli ในสุกร ไกไข และแพะ โดยวิธีการเพาะเลี้ยงเช้ือ และ Multiplex PCR 

กฤติเดช วรธนโชติการ, ปุญญศิา มณีบุญ, ณัฎฐธิดา บัวแกว, ภัทรสดุา ลิ่มปสุทธ์ิ,  

วรินทร ดิเรกโภค, กนกวรรณ ราชกิจ, ธัญพิชชา อินทรแผลง, พิเชษฐ ศรีบุญยงค,  

สุภาวดี มานะไตรนนท, ศรัณยพงศ ทองเรือง, ดาวรุง ศิลาออน 
  

สาขามนุษยศาสตรและสังคมศาสตร 

สาขาสัตว 
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Abstract
Importance of the work: Betula alnoides has been utilized in the timber and medicinal industries. This study developed the micropropagation technique of B. alnoides.
Objectives: investigating the effects of sugars and basal media including plant growth regulators on the in vitro growth and phytochemical properties.
Materials & Methods: The disinfection using apical shoots as explants was employed. Three basal media including Murashige and Skoog (MS), woody plant medium 
(WPM) and modified Driver and Kuniyuki's walnut (mDKW) media, and various sugars: glucose, sucrose and dextrose were tested for optimal growth. Cytokinin and 
auxin were optimized for proliferation and rooting. 
Results: The results indicated that there were no significant effects in carbons, but the basal medium exhibited an obvious effect on growth appearance. WPM medium was 
most suitable in terms of increased shoot numbers and increased shoot lengths of both proliferated and explant shoots, as well as increased root growth. Importantly, 5 
mgL-1 zeatin was suitable for shoot proliferation and 0.5 mgL-1 1-Naphthaleneacetic acid (NAA) was optimal for root induction. Finally, the total phenolic compounds 
(TPC) and antioxidant activity of in vitro plants were compared with those of in vivo plants. Phytochemical investigations revealed that the in vitro plant materials 
exhibited higher TPC and DPPH activity than the in vivo plant materials. 
Main finding: This finding provides additional scientific support for the application of in vitro B. alnoides as efficient technology in the production of secondary 
metabolites or phytochemical compounds.

Keywords: Basal medium,  Betula alnoides,   Micropropagation,  Phytochemical properties,  Plant growth regulators

Introduction 
      Betula alnoides Butch. Ham. Ex D. Don, commonly known as Khamlang suea khrong, is 
an economically and ecologically important tree species. This plant has been widely used for 
many aspects in ethnobotany (Chaniad et al., 2019), such as medicinal plant and ecological 
benefits and fungi host. Based on climate changes and deforestation, highly efficient 
propagation using plant tissue culture is required for large-scale production. As there are 
several factors affecting in vitro growth and multiplication, those factors should be optimized 
for establishing highly efficient protocol. The aim of this study was to optimize the factors 
influencing micropropagation of B. alnoides for the improvement of large-scale production. 

Materials and Methods
       Seedlings of B. alnoides were collected from its natural habitat located at Mae Ta Man 
Watershed Management Unit, Chiang Mai, Thailand. Explants (apical and nodal segments) of 
B. alnoides were sterilized with different concentration of sodium hypochlorite and cultured on 
the modified Driver and Kuniyuki Walnut medium (mDKW) (Driver and Kuniyuki, 1984; 
Akin et al., 2018) with supplementary iron. Various types of sugars (glucose, sucrose, and 
dextrose at 2% and 3%) and three different basal medium (MS, WPM and mDKW) were tested 
with factorial design. Three types of cytokinins (BAP, Kn and zeatin) at three levels of 
concentration (2.5, 5.0 and 7.5 mgL-1) were tested. Shoots were grown in three different types 
of auxins (IBA, NAA and 2,4-Dichlorophenoxyacetic Acid: 2,4-D) at three levels of 
concentration (0.5, 1.0 and 2.0 mgL-1) (Fig. 1). The amount of total phenolic content and 
antioxidant activity were determined and compared between in vitro and in vivo leaves samples 
of B. alnoides. Variance of data were analyzed using ANOVA followed by mean comparisons 
using Duncan’s Multiple Range Test (DMRT) with a significant level of 0.05.

Results and Discussion
Optimal disinfection protocol

The selection of explant and disinfection protocol plays a key role in the first step of 
Betula genus and other plant trees or woody plants. In this study, there were no significant 
effects among three protocols tested for percentage of sterilized explants (Table 1). However, 
shoots were more suitable than nodes due to the higher survival rate of explants after cultured 
for two weeks. Shoots from 1-2-year-old seedling were the optimal explants for disinfection 
and shoot induction.
Carbon sources and basal medium

Carbon sources had no significant effects on in vitro growth of this species. The analysis 
of variables showed that the most important improvement of explants cultured on WPM in 
shoot number, shoot length and root growth was observed. B. alnoides had different growth 
appearances in diverse sugars and basal medium. Although sugar is one of the culture medium 
components and a carbon source for in vitro plants, but the ability to utilize different sugars 
varies depending on species or cultivars. Same plant species but diverse cultivars may respond 
differently even on the same carbon source. 
Proliferation and in vitro rooting

Shoot grown on WPM basal medium supplemented with 5 mgL-1 zeatin provided highest 
proliferation having 97.9% of shoot induction (Fig. 2A). Whereas the average shoot length of 
new axillary shoots from explants grown on WPM basal medium supplemented with 5 mgL-1

zeatin was decreased (Fig. 2B). Shoots grown on different cytokinin provided various 
proliferation and growth. While rooting of in vitro shoots was successfully obtained from 
WPM supplemented with 0.5 mgL-1 NAA (Table 2). 
Total phenolic compounds and antioxidant activity of in vitro shoots and field-grown seedlings
        The accumulation of total phenolic compounds of in vitro leaves was higher than this of 
in vivo or field-grown leaves. The in vitro leaves yielded the amount of total phenolic 
compounds as 45.61 mg GAE/g DW. While in vivo leaves yielded the lower amount of total 
phenolic compounds. The antioxidant activity also differed significantly between in vitro and 
in vivo leaves. The in vitro shoots had the strongest antioxidant activity, with 38.87 mg AAE /g 
DW and 70.01 mg TE /g DW (Fig. 3).

Fig. 1 The systematic approach to produce in vitro Betula alnoides plantlets

Table 1 The influence of concentrations of agents and disinfection time on percentage 
of disinfection and the survival rate of explants in B. alnoides Buch.-Ham. ex G.Don.

Table 2 Influence of auxin on in vitro growth and root development of B. alnoides
cultured for 6 wk

Disinfection protocol Percentage of disinfection Percentage of survival rate
apical shoots nodes apical shoots Nodes

15% clorox for 15 mins 100±0.0 100±0.0 23±19.7b 0±0.0b

20% clorox for 10 mins 100±0.0 97±8.2 43±32.0ab 20±12.6a

25% clorox for 5 mins 90±16.7 100±0.0 73±20.7a 30±16.7a

F test ns ns * *

Treatment
(mgL-1)

Shoot 
length 
(mm)

Leaf greenness 
(SPAD

reading score)

Number of 
leaves 

(leaves)

Rooting score
(scores 1-3)

Number of 
roots 

(roots)

Root length
(cm)

Control 71.20±16.9a 25.68±2.9a 8.00±3.7a 4.00±0.0a 4.80±2.8abc 7.21±2.1a

0.5 IBA 41.90±32.0bc 25.70±5.4a 5.20±1.8bc 3.00±1.2ab 6.60±5.2abc 3.66±2.4ab

1.0 IBA 45.20±16.6b 20.02±7.5ab 5.60±1.9ab 4.00±0.0a 11.60±7.6ab 7.08±5.0a

2.0 IBA 35.60±9.4bc 24.16±3.5a 4.60±2.2bc 3.80±0.4a 12.80±3.1ab 2.91±0.5ab

0.5 NAA 42.80±23.2bc 26.12±6.1a 5.40±1.3ab 2.60±1.5ab 15.00±15.7a 2.58±1.6ab

1.0 NAA 22.60±10.4bc 26.88±5.0a 3.60±1.9bc 2.40±1.3bc 4.80±8.0abc 4.86±8.4ab

2.0 NAA 29.40±12.3bc 28.88±5.0a 3.80±1.5bc 2.00±1.4bc 10.40±8.3ab 2.61±0.3ab

0.5 2, 4-D 27.00±22.0bc 23.48±7.9a 4.20±1.5bc 2.00±1.4bc 3.80±3.6bc 0.99±1.4b

1.0 2, 4-D 22.00±7.9bc 23.72±7.4a 4.20±1.8bc 1.00±0.0c 0.00±0.0c 0.00±0.0b

2.0 2, 4-D 19.20±4.0c 13.60±8.3b 2.40±0.5c 1.00±0.0c 0.00±0.0c 0.00±0.0b
F test * * * * * *

Fig. 2 The effects of three different types of cytokinin at various concentrations on (A) 
percentage of shoot induction and (B) average shoot length of Betula alnoides grown for 4 
weeks., where values are mean SD (n = 6) in each column superscripted with different 
lowercase letters are significantly (p < 0.05) different.
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Insect pest management in yard-long bean plot using push-pull trap cropping
a,*, b
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Abstract
Push-pull systems involve intercropping the main crop with plants that are
repellent to pests (the 'push') while also growing plants (trap crops) that are
attractive to pests around the main crop (the 'pull'). The objective of this study
is to evaluate the potential of push-pull trap crop in yard long bean using 10%
for yard long bean trap crop (10 meters from main plot) and yard long bean
main crop with wood vinegar for insect repellent (all three days) compare with
yard long bean plot without trap crop (control) was carried out in the organic
farm. Results present that although the total number of insect pest was not
significant different between main plot and control plot, the total number of
natural enemies was lower than the total number of insect pest of both
experiment plots. However, yard long bean yield of main plot was higher than
that of yard long bean yield of control plot for 8.7 time.
Keywords: Main crop, Natural enemies, Wood vinegar
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96.63±58.10 60.37±46.20 (t-test: t=-2.468, P=0.017) 

15.56 ±7.97 3.48±2.67 (t-test: t=7.463, P 0.0001) (Fig. 3)

1.81±2.68 0.78±1.50 (t-test: t=2.431, P=0.019) 

0.19 ±0.40 0.00±0.00 (t-test: t=7.463, P 0.0001) (Fig. 4)

(t-test: t=-2.651, P=0.017) 

2.56±2.65 6.22±3.19 (Fig. 5)
3

Table 1 Yields of main crop and control plots

treatment
Total number of 

pod

Total weight

(g)
Infested pod

Percent of damage

(%)

Main crop plot 4745±21.21 97.5±0.70 423.50±2.12 8.93±0.08

Control plot 541.5±4.95 9.29±0.01 18.50±0.70 3.42±0.10

t-test t = 272.903, 

P 0.0001

t = 23.041, 

P= 0.002

t = 4.844, 

P
t = 0.745, 

P

Fig. 3

Fig. 4

Fig. 5

Independent sample t-test 

(Push-pull trap cropping) 

10%

10 

3 

Hokkanen, H.M.T. 1991. Trap cropping in pest management. Annu. Rev. Entomol. 

36:119–38.

1.5 x 1.5 3.0 x 5.5 

10 (Fig. 1) 

3 12 2 

3 6 3 80 

50 1.5 

2 4 1 

8 ( 10% ) 50 

1.5 10

1 : 200 ( : ) 

1 3 

(Fig. 2)

1



Sub-plot ( / )
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3. . 86-5 (DOA. TF86-5) 4. . 2 (DOA. TF2)

Main-plot ( )
1. 1
2. 1 50 - 100
3. (Econ-threshold)
4. (Control)

Insect Pest Management on Green Fiber-Promising Cotton Lines
สมคิด พันธ์ดี*, ,

Somkid Pandee, Payuda Jankuea, Siwilai Labbanjob
60190

Nakhon Sawan Field Crops Research Center, Field and Renewable Energy Crops Research Institute, Nakhon Sawan 60190, Thailand
*Corresponding author. E-mail address: somkid.pandee07@gmail.com

2567 Split-plot design
4 Main-plot 3 1. 1 2. 1 50

100 3. ( ) Sub-plot
2 / 2 2

22 1
408 424

13-15

( , 2532)

Split-Plot Design 3

Fig. 1 Mean total number (22 counts) of Aphis gossypii (Glover) per plants on 4 cotton lines under
4 insect pest control treatments at NSFCRC, 2024

1.25 X 0.50 6 6
1 10 2 50%

4-5 5
DMRT IRRISTAT
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V1/TF86-5-B-B-B-47B V1/TF86-5-B-B-B-55B
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1 50-100
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เอกสารอ้างอิง
. 2545. .

,
. 2527.

. 2-19. 2526-2527 . ,

Full paper

Fig. 2 Mean total number (22 counts) of Amrasca biguttula (Ishida) per plants on 4 cotton
lines under 4 insect pest control treatments at NSFCRC, 2024

Fig. 3 Mean total number (22 counts) of Thrips palmi (Karney) per plants on 4 cotton
lines under 4 insect pest control treatments at NSFCRC, 2024

Fig. 4 Mean total number (22 counts) of Bemisia tabaci (Gennadius) per plants on 4 cotton
lines under 4 insect pest control treatments at NSFCRC, 2024

Fig. 5 Mean total number (22 counts) of Sylepta derogate Fabricius per plants on 4 cotton
lines under 4 insect pest control treatments at NSFCRC, 2024

Fig. 6 Mean total number of hairs on cotton leaf and cotton leaf vein/cm2 in flowering
stage on 4 cotton lines

Fig. 7 Means seed cotton yield (kg/rai) of 4 cotton lines under 4 insect pest control
treatments at NSFCRC, 2024
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paraquat 1 2563 paraquat

RCB 5 4

alachlor+atrazine, ametryn+atrazine mesotrione+atrazine 235, 400 165

2 alachlor+atrazine ametryn+atrazine

3 mesotrione+atrazine 15 15 30

: , , ,

( , 2560) 

 

 paraquat paraquat  (Tony, 2016) 

paraquat 1 2563 (

, 2563) paraquat 

           

+  +  +

 paraquat 

mesotrione+atrazine

15 50 %

(mature leaf) (source)

( , 2549)

Simarmata et al. (2017) mesotrione atrazine
2–4 4 3 2

RCB 5 4

T1) alachlor+atrazine 33%+14% SE     235

T2) ametryn+atrazine 40%+40% WP 400

T2) mesotrione+atrazine 2.5+25% SC 165

T4) (control)

o 2  (  4-5 ) 

80 

1) 3, 7, 15, 30, 60 90

2) 0, 30, 60 90

3) 90

(  , 2567) 

0 = , 1-3 = , 4-6 = , 7-9 = , 10 =        

0

1

2

3

4  
60%  control

5  
50%  control

6

40%  control

7 30%  control

8 20%  control

9 10%  control

10

alachlor+atrazine ametryn+atrazine 3

15

mesotrione+atrazine 15 30

(Table 1 Fig. 1-4)

ametryn atrazine II

chlorosis necrosis alachlor

mesotrione

4-hydroxyphenyl-pyruvate-dioxygenase (HPPD)

bleaching

( , 2560; Shaner et al., 2014)

Fig. 4 Control of Musa (AAA) ‘Kluai Hom Thong’ at 3, 7, 15, 30, 60 and 90 days after application.

3 DAA 7 DAA 15 DAA 30 DAA

Table 1  Phytotoxicity of Musa (AAA) ‘Kluai Hom Thong’ at 3, 7, 15, 30, 60  
and 90 days after application.

1/ DAA = Days after application
2/ Phytotoxicity was assessed by visual rate from 0-10; 0 = normal, 1-3 = slightly toxic, 4-6 = moderately toxic, 7-9 = severely toxic, 10 = completely killed

alachlor+atrazine 33%+14% SE ametryn+atrazine 40%+40% WP 235 400 3 15

mesotrione+atrazine 2.5+25% SC 165 15 30

  

. 2560. . , .

. 2560. : . 3. , .

. 2549. 2. 2. , .

. 2563. ( 6) . . 2563. https://www.dla.go.th/work/paraquat.pdf,.18 2566.

Shaner, D.L., J.J. Jachetta, S. Senseman, I. Burke, B. Hanson, M. Jugulam, S. Tan, J. Reynolds, H. Strek, R. McAllister, J. Green, B. Glenn, P. Turner and J. Pawlak. 2014. Herbicide Handbook. 10th ed. Weed Science Society of America. Lawrence, USA.

Simarmata, M., E. Turmudi, J. Sitinjak and N. Setyowati. 2017. Different application time of atrazine and mesotrione mixture to control weeds on grain sorghum (Sorghum bicolor L. Moench). International Journal of Agricultural Technology 13(7.2): 1761–1772.

Tony Pattison. 2016. Horticulture Innovation Australia. Department of Agriculture and Fisheries (DAF), Banana (R&D Levy), The University of Queensland, Horticulture Innovation Australia Limited.

Treatments
Rates

(g ai/rai)

Growths of Musa (AAA) ‘Kluai Hom Thong’

Plant height (cm) Number of Leaves (Leaves/plant) Number of Suckers (Suckers/plant) Fresh weight (g) Dry weight (g)

0 DAA1/ 30 DAA 60 DAA 90 DAA 0 DAA 30 DAA 60 DAA 90 DAA 0 DAA 30 DAA 60 DAA 90 DAA 90 DAA 90 DAA

alachlor+atrazine 33%+14% SE 235 43.2 56.6b 73.8b 89.6b 5.0 9.6a 14.6a 17.4a 0.0 0.0 3.0ab 3.6 4,175.0b 307.2b

ametryn+atrazine 40%+40% WP 400 44.0 56.8b 72.0b 88.0b 5.0 9.6a 14.8a 17.8a 0.0 0.0 3.0ab 3.6 4,280.0b 319.8b

mesotrione+atrazine 2.5+25% SC 165 43.6 49.4c 64.2b 74.2b 4.6 6.2b 11.8b 14.6b 0.0 0.0 1.6b 2.6 1,737.6c 177.2c

control - 43.6 71.4a 97.4a 116.8a 4.6 9.4a 15.0a 17.8a 0.0 0.0 3.8a 4.0 5,405.0a 441.6a

F-test ns * * * ns * * * * ns * *

C.V. (%) 3.9 5.5 10.8 15.3 15.6 8.9 7.4 6.0 36.1 27.6 12.3 7.7
1/ DAA = Days after application * = significant at p <0.05 ns = not significant

Means within the same column followed by the same letter are not signification different by Duncan Multiple Range Test at p< 0.05

Table 2  Effect of herbicides on growths of Musa (AAA) ‘Kluai Hom Thong’ at 0, 30, 60 and 90 days after application.

( +   
+  + ) 

Study on phytotoxicity of mixture herbicides (alachlor+atrazine, ametryn+atrazine and 

mesotrione+atrazine) on the growth of Musa (AAA) ‘Kluai Hom Thong’

Treatments
Rates

(g ai/rai)

Phytotoxicity

3 DAA1/ 7 DAA 15 DAA 30 DAA 60 DAA 90 DAA

alachlor+atrazine 33%+14% SE 235 12/ 0 0 0 0 0

ametryn+atrazine 40%+40% WP 400 7 2 0 0 0 0

mesotrione+atrazine 2.5+25% SC 165 2 5 8 0 0 0

control - 0 0 0 0 0 0

Fig. 1 Effect of alachlor+atrazine herbicide on phytotoxicity of Musa (AAA) ‘Kluai Hom Thong’ at 3, 7, 15 and 30 days after application.

3 DAA 7 DAA 15 DAA 30 DAA

Fig. 2 Effect of ametryn+atrazine herbicide on phytotoxicity of Musa (AAA) ‘Kluai Hom Thong’ at 3, 7, 15 and 30 days after application.

7 DAA 15 DAA3 DAA 30 DAA

Fig. 3 Effect of mesotrione+atrazine herbicide on phytotoxicity of Musa (AAA) ‘Kluai Hom Thong’ at 3, 7, 15 and 30 days after application.

7 DAA 15 DAA 30 DAA3 DAA



Bacillus amyloliquefaciens DL9 Aspergillus section Nigri

a*, a, a, a, a

Bacillus 
amyloliquefaciens DL9 Aspergillus section Nigri

Aspergillus section Nigri
Aspergillus section Nigri

3 Aspergillus 5 14 19

B. amyloliquefaciens DL9

Aspergillus section Nigri B. amyloliquefaciens DL9

Aspergillus spp. 4 Aspergillus 5 14

19 97.37% 77.73% 90.85%

B. amyloliquefaciens DL9 Aspergillus 5 14 19

33.24% 33.49% 29.42%

: , ,

Abstract

The objective of this study was to demonstrate the efficacy of the biocontrol 

agent Bacillus amyloliquefaciens DL9 in controlling mycelial fungal contamination by 

Aspergillus section Nigri on Black Opal grapes. Aspergillus section Nigri was observed 

at each grape growth stage. Three Aspergillus isolates with different morphologies 

were collected, specifically isolates 5, 14, and 19, to evaluate the effects of the 

biocontrol agent B. amyloliquefaciens DL9 against mycelial fungal contamination. The 

results indicated that the inoculation of B. amyloliquefaciens DL9 four days before 

Aspergillus spp. inhibited the growth of Aspergillus mycelium isolates 5, 14, and 19 by 

97.37%, 77.73%, and 90.85%, respectively. In comparison, when the biocontrol agent 

B. amyloliquefaciens DL9 was simultaneously applied with Aspergillus spp. 

showed Aspergillus mycelial growth isolates 5, 14, and 19 inhibition by 33.24%, 

33.49%, and 29.42%, respectively.

Keyword: Aspergillus, biocontrol agent, black opal grapes

Aspergillus 
aculatus, Aspergillus niger Penicillium spp. ( , 2561)

Bacillus amyloliquefaciens ASAG1 

(Chang et al., 2015)

B. amyloliquefaciens DL9 Aspergillus
section Nigri

B. amyloliquefaciens DL9

Aspergillus section Nigri

-  Aspergillus section Nigri 3 1

60-70 2 90-100

3 120 Direct plate count

Aspergillus section Nigri
(Raper and Fennell, 1965) 

B. amyloliquefaciens DL9

Aspergillus section Nigri ( 1)

Dual culture test CRD 5

12 25±2°C 7 

Biocontrol agent of Bacillus amyloliquefaciens DL9

Aspergillus spp.

1 DL 9 Aspergillus spp. 0

2 DL 9 Aspergillus spp. 1

3 DL 9 Aspergillus spp. 2

4 DL 9 Aspergillus spp. 3

5 DL 9 Aspergillus spp. 4

A

B

Fig. 2 Colonies of Aspergillus isolates at various contaminated grape stages, grown on PDA media and stored at 25±2°C for 7 days.
A. Aspergillus isolate 1 B. Aspergillus isolate 2 C. Aspergillus isolate 3 D. Aspergillus isolate 4      

E. Aspergillus isolate 5 F. Aspergillus isolate 6 G. Aspergillus isolate 7 H. Aspergillus isolate 8

I. Aspergillus isolate 9 J. Aspergillus isolate 10 K. Aspergillus isolate 11 L. Aspergillus isolate 12

M. Aspergillus isolate 13 N. Aspergillus isolate 14 O. Aspergillus isolate 15 P. Aspergillus isolate16      

Q. Aspergillus isolate17 R. Aspergillus isolate 18 S. Aspergillus isolate 19     T. Aspergillus isolate 20

Fig.3 Morphology of Aspergillus section Nigri , scale bars:10 m

B. amyloliquefaciens DL9
Aspergillus section Nigri

Aspergillus section

Nigri 20 (Fig 2) Aspergillus section 

Nigri 3 Aspergillus isolate 5

Aspergillus isolate 14 Aspergillus isolate 19

Aspergillus carbonarius Aspergillus Niger Aspergillus aculeatus (Fig.3)

a 10900
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Aspergillus carbonarius
(isolate 5)

Aspergillus Niger
(isolate 14)

Aspergillus aculeatus
(isolate 19)

B. amyloliquefaciens DL9

Aspergillus section Nigri
DL 9 Aspergillus spp. 4

Aspergillus spp. B. amyloliquefaciens DL9

Aspergillus sp. 5 14 19 97.37% 77.73 %

90.85% DL9 Aspergillus sp.

5 14 19

33.24% 33.49% 29.42% (Table1, Fig.4)

Table 1 Effects of the biocontrol agent Bacillus amyloliquefaciens DL9 at various application

periods against Aspergillus mycelial growth causing fungal contamination on grapes, on PDA media

and stored at 25±2°C for 7 days.

Treatment
Inhibition of mycelia growth (%)(1)

Aspergillus 5 Aspergillus 14 Aspergillus 19

Apply DL9 simultaneously with Aspergillus spp. 33.24e 33.49e 29.42e

Apply DL9 before Aspergillus spp. for 1 day 46.82d 44.78d 42.89d

Apply DL9 before Aspergillus spp. for 2 day 58.77c 57.63c 65.73c

Apply DL9 before Aspergillus spp. for 3 day 82.93b 73.36b 80.50b

Apply DL9 before Aspergillus spp. for 4 day 97.37a 77.83a 90.85a

CV(%) 8.20 5.32 6.56
5 20 

PDA

5 /
25±2°C 

5 Aspergillus section Nigri

(1) Mean in the same column followed by different superscripts are significantly different (P < 0.05

Treatment Aspergillus 5 Aspergillus 14 Aspergillus 19

Apply DL9 simultaneously with 

Aspergillus spp.

Apply DL9 before Aspergillus spp. for 1 day 

Apply DL9 before Aspergillus spp. for 2 day 

Apply DL9 before Aspergillus spp. for 3 day 

Apply DL9 before Aspergillus spp. for 4 day 

Fig. 4 Efficacy of the biocontrol agent Bacillus amyloliquefaciens DL9 at various application periods in controlling mycelial fungal 

contamination by Aspergillus spp. on PDA and incubated at 25±2°C for 7 days

B. amyloliquefaciens DL9 1 x 108 CFU

Aspergillus spp. 4 Aspergillus spp.

Aspergillus 5 14 19 97.37% 77.73% 90.85%

Aspergillus spp.

, , . 2561. .

36(1): 67-80.

Chang, X., Wu, Z., Wu, S., Dai, Y., Sun, C. 2015. Degradation of ochratoxin A by Bacillus amyloliquefaciens ASAG1. Food Addit

       Contam Part A Chem Anal Control Expo Risk Assess 32(4): 564-571. doi: 10.1080/19440049.2014.991948. 

Raper, K.B. and Fennell, D.I. 1965. The genus Aspergillus. The William & Wilkins Company: Baltmore. 
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Survey of Pesticide in vegetation and the Environment from Pineapple Crops at Chon Buri and Rayong Province      
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       90   66  Chromatography

 50  (55%)  4  atrazine, ametryn, bromacil diuron  0.01-0.30 /   5  atrazine, ametryn, acetochlor, 

bromacil pendimethalin  0.01-2.09 /   1  ametryn 0.01-0.02 /   

 Hazard quotient (HQ)  Risk quotient (RQ)     1  (HQ<1)  

(RQ<1)   

: , , , 

P 1 13.0921281 101.247771

P 2 13.249306 101.278861

P 3 13.247333 101.281028

P 4 13.247167 101.280972

P 5 13.247167 101.021245

P 6 13.210639 101.021750

P 7 13.211389 101.020417

P 8 12.950500 101.224861

P 9 12.951000 101.225278

P 10 12.949083 101.227694

P 11 12.945250 101.223306

P 12 12.945139 101.223750

P 13 12.944833 101.223306

P 14 12.931722 101.218440

P 15 12.3947722 101.218917

P 16 12.565180 101.13081

1.   

Types of 

samples

Number of samples
Mean concentration 

levels

Standard 

quality

Sample 

analyzed

Positive 

sample, 

(%)

Groups of 

pesticides

Types of 

pesticides

soil

16 15

(94%)

Triazines (2) ametryn (3)

atrazine (5)

0.01-0.02 mg/kg

0.01-0.02 mg/kg 22,955 mg/kg 1)

Herbicide (2) bromacil (15)

diuron (7)

0.01-0.30 mg/kg

0.01-0.08 mg/kg

water 8

8 

(100%)

Triazines (2) ametryn (3)

atrazine (8)

0.01-0.06 g/L

0.37-2.09 g/L 3 ug/L1)

Herbicide (2) pendimethalin (3)

acetochlor (1)

0.05-0.06 g/L

0.03 g/L

sediment 7 3 (43%) Triazines (1) ametryn (3) 0.01-0.02 mg/kg

pineapple 14 0 (0%) ND ND ND

Total 45 26 

(58%)   

samples

Types of 

samples

Number of samples

Mean concentration 

levels
Standard quality

Sample 

analyzed

Positive 

sample, (%)

Groups of 

pesticides

Types of 

pesticides

soil 16 16 (100%) Triazines (1) atrazine (6) 0.01-0.02 mg/kg 22,955 mg/kg1)

Herbicide (2) bromacil (16)

diuron (10)

0.01-0.22 mg/kg

0.02-0.16 mg/kg

water 8

8 (100%)

Triazines (2) atrazine (8)

ametryn (2)

0.48-1.51 g/L

0.06-1.05 g/L

3 ug/L2)

Herbicide (2) bromacil (1) 0.99 g/L

sediment 7 0 (0%) ND ND ND

pineapple 14 0 (0%) ND ND ND

Total 45 24 (53%)   samples

Types of 

samples

Pesticides Concentration Hazard quotient

(HQ)

Risk quotient

(RQ)

Risk Levels

Min Max Child Adult

soil * ametryn 0.01 0.02 1.39×10-5 4.17×10-6
2.00 ×10-3 1,2 acceptable

atrazine 0.01 0.02 3.42×10-6 1.02×10-6 2.00 ×10-3 1,2 acceptable

bromacil 0.01 0.30 1.38×10-5 4.14×10-6 3.00 ×10-2 1,2 acceptable

diuron 0.02 0.16 4.79 ×10-4 1.44×10-4 1.60 ×10-2 1,2 acceptable

water * atrazine 0.37 2.09 1.33 ×10-3 1.00 ×10-3 2.09 ×10-3 1,2 acceptable

ametryn 0.01 1.05 2.72 ×10-3 2.06 ×10-3 1.05 ×10-4 1 acceptable

pendimethalin 0.05 0.06 3.30 ×10-5 2.50×10-5 6.00 ×10-6 1,2 acceptable

acetochlor - 0.03 3.30×10-5 2.50 ×10-5 3.00 ×10-6 1,2 acceptable

bromacil - 0.99 1.70×10-4 1.29 ×10-4 2.25×10-4 1,2 acceptable

sediment* ametryn 0.01 0.02 1.39 ×10-5 4.17×10-3 2.00 ×10-3 1,2 acceptable
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AOAC. 2016. Organophosphorus pesticide. General Multiresidue Method. Association of Official Analytical Chemists Method 970.52 .

      In house method TM-T04-I02.

AOAC. 2016. Organochlorine pesticides in water gas chromatographic method. 2005. General Multiresidue Method. Association of Official Analytical Chemists Method 

990.06. In house method TM-T04-I01.

EN 15662. 2008. Foods of plant origin - Determination of pesticide residues using GC-MS and/or LCMS/MS following acetonitrile extraction/partitioning and 

clean-up by dispersive SPE – QuEChERS method.

ECB. 2003. Technical Guidance Document on Risk Assessment. Commission Directive 93/67/EEC on Risk Assessment for new notified substances. European 

Chemicals Bureau. https://echa.europa.eu/documents/10162/987906/tgdpart2_2ed_en.pdf/138b7b71-a069-428e-9036-62f4300b752f. 18 March 2022.

ECHA. 2008. Guidance on information requirements and chemical safety assessment, chapter R.10: characterization of dose [concentration]-response for 

environment. European Chemicals Agency. https://echa.europa.eu/documents/10162/13632/%20information_%20requirements_%20r10_en.pdf/bb902be7-a503-

4ab7-9036-d866b8ddce69. 18 March 2022.

P 1

P 2

P 3

P 4

P 5

P 6

P 7

P 8

P 10

P 9

P 12

P 11

P 13

P 14

P 15

P 16

2.1  
 In house method TM-T04-

I02 based on AOAC Official method 
970.52 (2016)

2.2  
 In-house method 

based on EPA method 
8141A, rev.1, 1994. 

(U.S. EPA, 1994) 

2.3  
 EN Extraction : EN Method 

15662 (EN 15622, 2008)

1.

 
 16  32  16  28  14 

2.     

Remark:  water samples; ( g/L), soil, sediment and pineapple; (mg/kg), ND: not detected 1) Standard quality of soil in agricultural soils (atrazine 

22,955 mg/kg) ( , 2564) 2) Standard quality of drinking water (Environmental Protection Agency, EPA; maximum contamination 

level (MCL) atrazine 3 g/L) (U.S. EPA., 2003)

Fig. 3 Mean concentration levels of pesticides residues in soil.
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Fig. 4 Mean concentration levels of pesticides residues in water.
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Fig. 5 Mean concentration levels of pesticides residues in sediment.

Remark: water* samples; ( g/L), soil* and sediment*samples; (mg/kg)  1) HQ <1 (acceptable risk) and HQ >1 (Risk) 2) RQ<1 (No immediate 

concern), RQ 1-10 (Of concern if supply volumes increase), RQ 10-100 (Further data require) and RQ >100 (Reduce risk immediate) (ECB, 2003 and 

ECHA, 2008)
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Management Problems Suggestions and Guidelines for Cassava Mosaic Disease Management of Farmers 
in Thong Chai Nuea Sub-district, Pakthong Chai District, Nakhon Ratchasima Province
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Dubern, J. 1994. Transmission of African cassava mosaic geminivirus by the whitefly (Bemisia tabaci). Trop. Sci. 34: 82-91.
Tokunaga, H., T. Baba, M. Ishitani, I.K. Kasumi, O.K. Le, K. Maejima, S. Namba, K. Natsuaki and N.V. Dong. 2018. Sustainable management of invasive
               cassava pests in Vietnam, Cambodia, and Thailand, pp. 131-157. In M. Kokubun and S. Asanuma, eds. Crop Production under Stressful
               Conditions. Springer, Singapore.

Tablee 11 Management of Cassava Mosaic Disease of farmers
Methodd off practice x  S.D.

1. Survey their cassava plots by random walking around the plots regularly. 3.33 0.74

2. You visually assess areas with cassava mosaic disease on a regular basis in each plot. 3.20 0.89

3. Plow the soil dry for destroy tobacco whitefly before planting in the new season. 3.18 1.17

4. Requested permission to transport cassava stalks from the Office of Provincial Commercial Affairs. 1.43 1.83

n = 156

Average level of practice: 1.00-1.80=least, 1.81-2.60=little, 2.61-3.40=moderate, 3.41-4.20=a lot, 4.21-5.00=the most

Tablee 22 Problems for management of cassava mosaic disease
Problems x  S.D.

1. Side knowledge about cassava mosaic disease. 3.57 0.70

2. Side methods/guidelines for management of cassava mosaic disease. 3.48 0.59

3. Side management of cassava mosaic disease. 3.70 0.69

4. Side promotion and support from relevant agencies. 3.72 0.66

5. Side social and economic. 3.82 0.69

6. Side realize the importance of producing clean cassava stalks in the community 3.98 0.74

n = 156

Average level of problems: 1.00-1.80=least, 1.81-2.60=little, 2.61-3.40=moderate, 3.41-4.20=a lot, 4.21-5.00=the most

Tablee 33 Suggestions for management of cassava mosaic disease
Suggestions x  S.D.

1. Side knowledge about cassava mosaic disease. 3.98 0.60

2. Side methods/guidelines for management of cassava mosaic disease. 3.89 0.48

3. Side management of cassava mosaic disease. 3.75 0.51

4. Side promotion and support from relevant agencies. 3.93 0.56

5. Side social and economic. 3.81 0.59

6. Side realize the importance of producing clean cassava stalks in the community. 3.90 0.63

n = 156

Average level of suggestions: 1.00-1.80=least, 1.81-2.60=little, 2.61-3.40=moderate, 3.41-4.20=a lot, 4.21-5.00=the most
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Durian fruit rot is a major problem during transportation prior to market distribution. The disease is caused by four fungal pathogens: Lasiodiplodia sp., Phytophthora palmivora, Phomopsis sp. and 

Colletotrichum sp.. These fungi contaminate the fruit and exhibit symptoms of fruit rot when the durian ripens. To address this issue, packing houses commonly use chemical treatments to control fruit rot 

symptoms. This study aimed to evaluate the efficacy of chemical compounds in inhibiting the fungal pathogens causing durian fruit rot. The results revealed that benomyl at 10 and 15 g/20 l of water completely 

inhibited the mycelial growth of P. palmivora and significantly inhibited Lasiodiplodia sp. by 92.33-92.89%. Prochloraz at concentrations of 5, 10 and 15 ml/20 l of water completely inhibited the mycelial growth of 

Colletotrichum sp. (100%) and achieved the highest inhibition of Phomopsis sp. (93.22-93.55%). In contrast, azoxystrobin showed the lowest inhibition rates against P. palmivora (16.97-18.72%). Phomopsis sp. 

(34.11-36.78%) and Colletotrichum sp. (7.19-8.79%), but it did not inhibit Lasiodiplodia sp.

Keywords: Durian, fruit rot disease, fungicide
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Development of DNA markers
for differentiating Pterocarpus macrocarpus and Pterocarpus indicus
using partial chloroplast genome sequences
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Abstract
Precise identification of unknown or ambiguous species is a necessary process for further individual and population identification in forensic timber
identification. In Thailand, Pterocarpus macrocarpus is a rosewood timber species, which is increasingly threatened by illegal logging. However, wood
identification of P. macrocarpus and P. indicus, which are distributed in Thailand, remains difficult due to insufficient expertise in wood anatomy.
Although DNA barcoding has been widely used for species identification, it remains time-consuming in case of DNA fingerprinting approach. Therefore,
this research has developed a PCR-based method to differentiate specimens of P. macrocarpus and P. indicus for easier and faster identification
without DNA sequencing. The available complete chloroplast genomes of Pterocarpus species were used to identify distinct DNA polymorphisms. The
49 bp InDel region is suitable for differentiation between P. macrocarpus and P. indicus by using agarose gel. InDel-flanking primers were designed to
amplify this region, resulting in a 400 bp fragment in P. indicus and a 450 bp fragment in P. macrocarpus. This method has shown consistency with
morphological identification and the universal partial matK gene of chloroplast DNA (cpDNA). This research is still in the preliminary stages and
requires more samples for validation.

Keywords: Chloroplast DNA, Pterocarpus indicus, Pterocarpus macrocarpus, Species identification

Introduction
Illegal logging and trading of P. macrocarpus in Thailand are
continuously increasing. (Department of National Parks,
Wildlife and Plant Conservation, personal communication,
2024). Additionally, P. indicus is also widely distributed in
Thailand (Barstow, 2018). These species might cause
identification challenges in terms of wood anatomy for those
who lack sufficient expertise in distinguishing their
characteristics. Thus, accurate identification of unknown or
ambiguous species is an essential procedure. In this study, the
DNA-based technique was employed for the species
identification of Pterocarpus species, P. macrocarpus and P.
indicus distributed throughout Thailand. The multiplex allele-
specific polymerase chain reaction (MAS-PCR) based on
chloroplast DNA (cpDNA) was developed for the rapid
identification of unknown species and cut timber of these
Pterocarpus species. This is an important step for further
individual identification.

Materials and Methods

Result and Discussion
A total of 2,116 polymorphic sites and 41,077 InDel polymorphisms were
observed. Among these variations, two InDel regions (49 bp and 26 bp) were
identified as polymorphic in P. indicus and P. macrocarpus. Due to the smaller
size of the 26 bp InDel, which might be difficult to distinguish by agarose gel
electrophoresis, only the larger 49 bp InDel (Fig. 1) was used to design the
species-specific InDel markers. The PCR primers for the target InDel-flanking
regions are presented in Table 1. The efficiency and specificity of the designed
PCR primers showed that the forward primer IFP2 and reverse primer IRP1, with
an annealing temperature of 62°C, were the optimal conditions for PCR
amplification in P. indicus (400 bp) and P. macrocarpus (450 bp) (Fig. 2).
Moreover, the results of the nucleotide BLAST with NC_049083.1 indicated that
the 49 bp InDel was located in the non-coding spacer of trnC-GCA and rpoB,
with the forward primer IFP2 and the reverse primer IRP1 positioned in the
sequence between bases 35,531-35,550 and 35,961-35,980, respectively.
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MZ274114.1   ATCGAGCAGA GCAAATCCCG AGTTGATTTT TTTTTTTCTG GTATCCAATC GAATTGAAAT ATGTAATATC 
MZ274115.1   ATCGAGCAGA GCAAATCCCG AGTTGA-TTT TTTTTTTCTG GTATCCAATC GAATTGAAAT ATGTAATATC 
MH033831.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTTAAAT ATGTAATATC 
NC049082.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTTAAAT ATGTAATATC 
NC049083.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTTAAAT ATGTAATATC 
MN823699.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTTAAAT ATGTAATATC 
NC049080.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTTAAAT ATGTAATATC 
NC049081.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTTAAAT ATGTAATATC 
MH033830.1   ATCGAGCAGA GCAAATCCCG AGTTGA-TTT TTTTTTTCTG GTATCTAATC GAATTGAAAT ATGTAATATC 
MN251250.1   ATCGAGCAGA GCAAATCCCG AGTTGA-TTT TTTTTTTCTG GTATCTAATC GAATTGAAAT ATGTAATATC 
NC049084.1   ATCGAGCAGA GCAAATCCCG AGTTGA-TTT TTTTTTTCTG GTATCTAATC GAATTGAAAT ATGTAATATC 
MZ274116.1   ATCGAGCAGA GCAAATCCCG AGTTGA--TT TTTTTTTCTG GTATCCAATC GAATTGAAAT ATGTAATATC 
MH033829.1   ATCGAGCAGA GCAAATCCCG AGTTGA--AT TTTTTTTATG GTATCCAATC GAATTGAAAT ATGTAATATC 
MZ274117.1   ATCGAGCAGA GCAAATCCCG AGTTGA--AT TTTTTTTATG GTATCCAATC GAATTGAAAT ATGTAATATC 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| 
                 75         85         95        105        115        125        135                    
MZ274114.1   ATAACATAAT AATGTTAGAA -ATGGAATCC ATTTTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAATTC 
MZ274115.1   ATAACATAAT AATGTTAGAA -ATGGAATCC ATTTTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAATTA 
MH033831.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
NC049082.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
NC049083.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
MN823699.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
NC049080.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
NC049081.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
MH033830.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
MN251250.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
NC049084.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
MZ274116.1   ATAACATAAT AATGTTAGAA -ATGGAATCC A--TTTTTTT GTTTTGATAT TCTTAAAAAA ACCAGAAGTC 
MH033829.1   ATAACATAAT AATGTTAGAA TATGGAATCC ATTTTTTTTT GTTTTGATAT TCTTTAAAAA ACCAGAAGTC 
MZ274117.1   ATAACATAAT AATGTTAGAA TATGGAATCC ATTTTTTTTT GTTTTGATAT TCTTTAAAAA ACCAGAAGTC 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| 
                145        155        165        175        185        195        205                 
MZ274114.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MZ274115.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MH033831.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
NC049082.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
NC049083.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MN823699.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
NC049080.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
NC049081.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MH033830.1   TAGGTGGATT TTTTTAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MN251250.1   TAGGTGGATT TTTTTAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
NC049084.1   TAGGTGGATT TTTTTAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MZ274116.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MH033829.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 
MZ274117.1   TAGGTGGATT TTTTGAATTC CTTTCCATTT AGAATTTAGA TTCTATCTGT TTGTTTTGTT GCAAATTCCA 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| 
                215        225        235        245        255        265        275                 
MZ274114.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- -TTTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MZ274115.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- ------TTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MH033831.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- --TTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
NC049082.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- --TTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
NC049083.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- -TTTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MN823699.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- --TTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
NC049080.1   ATTTGAGTAT AAAATTCGAT TCATTTTC-- -TTTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
NC049081.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- --TTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MH033830.1   ATTTGAGTAT AAAATTCGAT TCATTTTATT TTTTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MN251250.1   ATTTGAGTAT AAAATTCGAT TCATTTTATT TTTTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
NC049084.1   ATTTGAGTAT AAAATTCGAT TCATTTTATT TTTTTTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MZ274116.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- -----TTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MH033829.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- ----TTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 
MZ274117.1   ATTTGAGTAT AAAATTCGAT TCATTTTA-- ----TTTTTT TTTTCCTCTT TTCATAACAG GTATTTCATA 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| 
                285        295        305        315        325        335        345                 
MZ274114.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACATA AATTCCATTA TTGTTAAATC 
MZ274115.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACATA AATTCCATTA TTGTTAAATC 
MH033831.1   TACGGAGTTA GTT-AAAAAA AAT------- ---------- ---------- ---------- ----------
NC049082.1   TACGGAGTTA GTT-AAAAAA AAT------- ---------- ---------- ---------- ----------
NC049083.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
MN823699.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
NC049080.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
NC049081.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
MH033830.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
MN251250.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
NC049084.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTT TTGTTAAATC 
MZ274116.1   TACGGAGTTA GTT-AAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTA TTGTTAAATC 
MH033829.1   TACGGAGTTT GTTAAAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTA TTGTTAAATC 
MZ274117.1   TACGGAGTTT GTTAAAAAAA AATTTCATGT GATTCAGTAA AAAGAACAGA AATTCCATTA TTGTTAAATC 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| 
                355        365        375        385        395        405        415                 
MZ274114.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCGTG GGATATTTTC TATAAAATAG AAAGGGGAAA 
MZ274115.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCGTG GGATATTTTC TATAAAATAG AAAGGGGAAA 
MH033831.1   --TTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC CATAAAATAG AAAGGGGAAA 
NC049082.1   --TTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC CATAAAATAG AAAGGGGAAA 
NC049083.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC CATAAAATAG AAAGGGGAAA 
MN823699.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC CATAAAATAG AAAGGGGAAA 
NC049080.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC CATAAAATAG AAAGGGGAAA 
NC049081.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC CATAAAATAG AAAGGGGAAA 
MH033830.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC TATAAAATAG AAAGGGGAAA 
MN251250.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC TATAAAATAG AAAGGGGAAA 
NC049084.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC TATAAAATAG AAAGGGGAAA 
MZ274116.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC TATAAAATAG AAAGGGGAAA 
MH033829.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC TATAAAATAG AAAGGGGAAA 
MZ274117.1   TATTCATGTG ATTCGATGAA GAATGAGACA GCAAATCATG GGATATTTTC TATAAAATAG AAAGGGGAAA 

             ....|....| ....|....| ....|....| ....|....
                425        435        445        455     
MZ274114.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MZ274115.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MH033831.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
NC049082.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
NC049083.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MN823699.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
NC049080.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
NC049081.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MH033830.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MN251250.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
NC049084.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MZ274116.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MH033829.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT
MZ274117.1   TTGAAAATAA AATGATTGGG GGTGAAAATG CGGGAATGT

ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 
ATCGAGCAGA GCAAATCCCG 

G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT
G GGTGAAAATG CGGGAATGT

T------- ---------- ---------- ---------- ----------
T------- ---------- ---------- ---------- ----------

--
--

Fig. 1 The 49 bp InDel polymorphism between P. indicus and P. macrocarpus, used for species-specific 
marker design (InDel with highlight) (forward primer: IFP2, reverse primer: IRP1)

IRP1

IFP2

Fig. 2 Amplification of cpDNA region using InDel primers for identification of samples of the P. indicus (1-6) 
and P. macrocarpus (7-11); (M) 50-bp marker



Effect of quantity and size of host plant on Bactrocera latifrons (Hendel) (Diptera: Tephritidae) oviposition
a,*, a

a

84000

Bactrocera latifrons (Hendel) (Diptera: Tephritidae) 2 banana pepper 

Capsicum annuum C. annuum cv. Duey Kai 1 1 10 1 B. latifrons 
B. 

latifrons 10 B. latifrons 
1 1 
1 10 B. latifrons 

k-species B. latifrons
: , ,

Study on oviposition behavior of Bactrocera latifrons (Hendel) (Diptera: Tephritidae) in two host plant species, banana pepper Capsicum annuum
and Duey Kai chili C. annuum cv. Duey Kai using comparative the variable of host fruit number conditions as one fruit and ten fruits per one cage. Results 

presented that B. latifrons lay eggs into large host fruit (banana pepper) with the higher number of eggs than that of small host fruit (Duey Kai chili) in 

both conditions. In addition, the total number of pupae, pupal weight and pupal stage period of B. latifrons in banana pepper were higher significant 

than that of Duey Kai chili under one fruit per one cage condition. Under ten fruits per one cage condition, B. latifrons laid more eggs into Duey Kai chilli

fruit but only one egg per fruit as one fruit per one cage condition with higher total pupal number per cage. In contrast, there was no significant 
difference in the total number of pupae among two conditions in banana pepper. Results confirmed that B. latifrons tends to lay more eggs into larger 

host fruit and present the k-species behavior with keep always egg clutch size although higher number host fruit.

Keywords: Banana pepper, Duey Kai chili, Host plant
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(Table 1)
Table 1 Development of B. latifrons in two chili species under one fruit per one cage Table 2 Development of B. latifrons in two chili species under ten fruits per one cage
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Selection and evaluation of tomato varieties resistant to bacterial wilt disease
 a,  a, c,  a,  a,  b   a

a  . .  .  33000
b 1 . . .  82110
c    10900

Ralstonia solanacearum
30 /

4 1 AVTO1713 10%

8 / 20% 9 AVTO0301,  AVTO1003,  AVTO1008,  AVTO1010,  AVTO1314,  AVTO1409,  AVTO1707,  AVTO1828

AVTO1920 0%

:

Tomato cultivation is often affected by bacterial wilt disease (Ralstonia solanacearum). For disease management still involves chemical treatment, which poses health and environmental risks. Therefore, the

development of resistant varieties is an alternative approach for disease management. This experiment aimed to select and evaluate 30 tomato lines resistant to wilt disease. Evaluation of tomato varieties resistant to

bacterial wilt in greenhouse. After 4 weeks of inoculation, the result showed one tomato line were resistant with a disease incidence index of 10%, namely AVTO1713. Evaluation of disease incidence in field conditions

after 8 weeks of transplanting, the result showed all tomato lines were found to have a disease incidence index of less than 20%. There are 9 tomato lines, namely AVTO0301, AVTO1003, AVTO1008, AVTO1010,

AVTO1314, AVTO1409, AVTO1707, AVTO1828 and AVTO1920, with a disease incidence index of 0%. These resistant lines were selected. These lines will be used for bacterial wilt resistance breeding program.

Keywords: Bacterial wilt, Breeding, TomatoKeywords:
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Development of Vegetable Breeding Technology in Asia Region 

The Asian Food and Agriculture Cooperation Initiative (AFACI) 

Tomato Line* Wilt plant in greenhouse** 

(%)

Response

H79961/ 0 Resistant

AVTO1713 10 Resistant 

AVTO0301 18 Moderate resistant 

AVTO1409 18 Moderate resistant 

AVTO1702 18 Moderate resistant 

AVTO1003 20 Moderate resistant 

AVTO1315 22 Moderately susceptible 

AVTO1909 22 Moderately susceptible 

BWR#14051/ 30 Moderately susceptible 

AVTO1010 30 Moderately susceptible 

AVTO1712 34 Susceptible 

AVTO1718 38 Susceptible 

AVTO1705 40 Susceptible 

AVTO1717 40 Susceptible 

AVTO1314 42 Susceptible 
*The list of tomato for the bacterial wilt-resistant resistance markers; The Asian Food and Agriculture Cooperation Initiative (AFACI)
** Bacterial wilt strains were collected from the Plant Disease Microorganism Species Collection Center, Plant Disease Research Group, Plant Protection Research and Development Office, 

Department of Agriculture.   1/Resistant check 2/Susceptible check

Table 1 % bacterial wilt infection after inoculation for 4 weeks in greenhouse at Si Sa Ket Horticultural Research Centre

Disease index (%) Number of lines Tomato Line Response
1-10 2 H79961/, AVTO1713 Resistant (R)

11-20 4 AVTO0301, AVTO1003, AVTO1409, AVTO1702 Moderate resistant (MR)
21-30 4 AVTO1010, AVTO1315, AVTO1909, BWR#14051/ Moderately susceptible (MS)
31-70 17 AVTO1008, AVTO1219, AVTO1306, AVTO1314, 

AVTO1424, AVTO1429,
AVTO1705, AVTO1706, AVTO1711, AVTO1712, 
AVTO1717, AVTO1718,
AVTO1828, AVTO1914, AVTO1915, AVTO1919, 
AVTO1920

Susceptible (S)

71-100 3 AVTO1707, AVTO1954, Sidathip2/ Highly susceptible (HS)
Total 30

Table 2 Reaction of tomato lines to wilt plant Ralstonia solanacearum in greenhouse 

1/Resistant check 2/Susceptible check

Tomato Lines* Wilt plant in field (%)

AVTO0301 0.00

AVTO1003 0.00

AVTO1008 0.00

AVTO1010 0.00

AVTO1314 0.00

AVTO1409 0.00

AVTO1707 0.00

AVTO1828 0.00

AVTO1920 0.00

BWR#14051/ 1.67

AVTO1706 2.09

AVTO1711 2.18

AVTO1914 2.18

AVTO1702 2.27

AVTO1954 2.28

Table 3 % bacterial wilt infection after inoculation for 8 weeks in the field at Si Sa Ket Horticultural Research Centre

*The list of tomato for the bacterial wilt-resistant resistance markers; The Asian Food and Agriculture Cooperation Initiative (AFACI)
1/Resistant check 2/Susceptible check

Fig. 1 Severity level of wilt disease, Level 0: normal plants, Level 1: 1-10% of plants show wilting symptoms, Level 2: 11-

25% of plants show wilting symptoms, Level 3: 26-50% of plants show wilting symptoms, Level 4: 51-75% of plants show 

wilting symptoms, Level 5: More than 75% of plants show signs of wilting.
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AVTO1713 AVTO0301, AVTO1003  AVTO1409     9 AVTO0301,    

AVTO1003, AVTO1008, AVTO1010, AVTO1314, AVTO1409, AVTO1707, AVTO1828   AVTO1920 0% 

    .3 . .  .  33000 045-814581                      Sisakethort@yahoo.com

 30 /  (Table 1) 4 

 (R)  2 H7996  AVTO1713  R; DI= 1-10%  (MR) 

 4 AVTO0301, AVTO1003, AVTO1409  AVTO1702 MR; DI= 11-20%  

 (MS)  4 AVTO1010, AVTO1315, AVTO1909  BWR#1405  MS; DI= 21-30%  

(S)  17 AVTO1008, AVTO1219, AVTO1306, AVTO1314, AVTO1424, AVTO1429, 

AVTO1705, AVTO1706, AVTO1711, AVTO1712, AVTO1717, AVTO1718, AVTO1828, AVTO1914, AVTO1915, 

AVTO1919  AVTO1920 S; DI= 31-70% (HS)  3 AVTO1707,  

AVTO1954 HS; DI= 71-100%  (Table 2)  

30%  / AVTO1713 (10%) H7996 (Resistant check) (0%)

 (Susceptible check) 92%

Tomato Line* Wilt plant in greenhouse** 

(%)

Response

AVTO1711 42 Susceptible

AVTO1424 46 Susceptible

AVTO1706 46 Susceptible

AVTO1915 48 Susceptible

AVTO1919 48 Susceptible

AVTO1219 54 Susceptible

AVTO1828 56 Susceptible

AVTO1429 58 Susceptible

AVTO1914 58 Susceptible

AVTO1306 60 Susceptible

AVTO1008 60 Susceptible

AVTO1920 68 Susceptible 

AVTO1954 74 Highly susceptible 

AVTO1707 82 Highly susceptible 

Sidathip2/ 92 Highly susceptible 

Tomato Lines* Wilt plant in field (%)

AVTO1429 2.38

H79961/ 2.47

AVTO1315 2.63

AVTO1219 9.53

AVTO1306 4.17

AVTO1909 4.17

AVTO1713 4.47

AVTO1915 6.25

AVTO1717 8.34

AVTO1424 8.70

AVTO1712 8.70

AVTO1705 9.38

Sidathip2/ 10.00

AVTO1919 10.72

AVTO1718 13.05

30 /

/ 20%

(2554)

27 /

20%

H7996 BWR#1405 (Resistant check) 2.47% 1.67% (Susceptible check)

10% 0 9 AVTO0301, AVTO1003,  

AVTO1008,  AVTO1010,  AVTO1314,  AVTO1409,  AVTO1707,  AVTO1828 AVTO1920 (Table 3) Ishihara

(2012)

(Hanson ,

1996)

 Development of  Vegetable Breeding Technology in Asia Region   27 

  3  (Table 1)   . .  .
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 R. solanacearum  (  
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Simulation spatial model for analyzing the cooling effects of downwash 
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using thermal imaging data collected from UAVs.
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Abstract : This study develops a simulation model to analyze the cooling effects of 
UAV-induced downwash turbulence on maize canopies, using thermal imaging to 
optimize pollination efficiency. Advanced techniques, including Lattice Boltzmann 
Method (LBM) and finite-difference time-domain (FDTD) simulations, evaluate the 
impact of UAV airflow on canopy temperature and pollen dispersion during sensitive 
pollination stages. Data from UAVs equipped with thermal cameras, such as the DJI 
Matrices 300 RTK and Zenmuse H20T, were combined with GNSS systems to capture 
spatial variations in land surface temperature (LST) and airflow patterns. The results 
reveal that UAV-induced turbulence reduces canopy temperature and humidity, 
enhancing pollination success while cooling the surrounding soil and vegetation. These 
findings highlight the importance of UAVs airflow management in precision agriculture, 
demonstrating its potential to improve crop health and pollination outcomes through 

advanced environmental monitoring and control. 

Introduction : Unmanned Aerial Vehicles (UAVs) have revolutionized agricultural 
practices, particularly in the realm of maize pollination. A key aspect of UAV-based 
pollination is the downwash flow field created by the rotor blades, which serves a dual 
purpose. First, it effectively disperses pollen across the maize canopy, ensuring 
comprehensive coverage and penetration, especially vital for dense or hybrid varieties 
(Brewer K, et al, 2022). This targeted distribution significantly enhances the probability of 
successful pollination, a crucial factor for increasing crop yields. Second, the downwash 
airflow plays a pivotal role in regulating the microclimate within the canopy (Guoa Q, et 
al,2020). 

Objectives : The study develops a simulation model to assess how UAV-induced 
downwash turbulence affects maize canopy cooling, aiming to enhance pollination 
efficiency and To analyzing thermal imaging data collected from UAVs, the model 
evaluates the impact of airflow patterns on canopy of imaging temperature regulation.

Methods : Advanced simulation techniques, such as LBM  and the XFlow simulation 
method (Chang K et al, 2023) are employed to analyze spatial variations in the 
downwash airflow field on canopy and evaluate its influence on temperature 
distribution within the maize canopy. XFlow employs LBM, utilizing a computational 
domain represented as a uniform cube (2.50 × 2.50 m) composed of cells measuring 
0.50 × 0.50 m, as shows in Figure3 . This model incorporates 19 velocity vector 
directions (D3Q19) within the lattice framework (measure and record wind speed and 
temperature on canopy of two test plots) as shows in Figure2 . The setup includes one 
discrete velocity vector centered at the origin ( : dimensionless relaxation 
This study employed thermal imaging to estimate Land Surface Temperature (LST) 
(Casas-Mulet R, et al,  2020) and evaluate the effects of UAV-induced turbulence on 
maize canopy (Liu Z, et al, 2024). The analysis focused on four critical factors: Ag-UAVs 
operational parameters, Sweet corn canopy temperatures conditions, factor of Sweet 
corn canopy during pollination stages, and soil characteristics]. downwash airflow field 
on canopy was evaluated using LST models, considering operational factors such as 
airflow velocity, flight altitude, and proximity to the canopy as shows in Figure1.  Cooling 
effect of airflow maintains an optimal thermal environment for pollination their role in 
temperature variations captured through thermal imaging (Guan Y and Grote K, 2024). 
During pollination, the interaction between turbulence effects and thermal changes was 
assessed to determine its influence on the transfer of male pollen to female flowers 
after three hours of UAV operation as shown in Figure 1
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Conclusion : Results of study highlight the critical role of airflow in maintaining optimal 
thermal conditions for crop pollination, particularly maize, by regulating temperature 
variations and reducing heat stress. Using thermal imaging from UAVs equipped with 
advanced cameras, such as the DJI Matrices 300 RTK and Zenmuse H20T, coupled with 
precise GNSS systems, the research captured temperature changes and wind force 
distribution across maize canopies. The finite-difference time-domain (FDTD) simulation 
and Lattice Boltzmann Method (LBM) modeling demonstrated that UAV-induced airflow 
effectively cools the canopy, reduces humidity, and enhances pollen dispersion. These 
findings underscore the potential of Ag-UAVs to optimize pollination efficiency through 
precise environmental management, as evidenced by thermal imaging data and airflow 
calibration shown in the results
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agriculture14060931 

Figure 1. Schematic diagram of the boundary of the downwash airflow field on canopy  (a) 
Simulation method In the LBM models, XFlow adopts a three-dimensional lattice 
structure of airflow on canopy (b) incorporates 19 velocity vector directions 
(D3Q19) within the lattice framework  (c)six vectors stretching from the center 
to the lattice vertices (e5, e11, e11, e15 and  e18)

Results and Discussion : The results of Airflow play a crucial role in maintaining 
an optimal thermal environment for pollination The results of the model showed that the 
wind force distribution effect on maize canopy area was estimated from the wind force 
generated by flying the Ag-UAVs at a height of 2.00 meters above the top of the test plot. 
From testing the wind force distribution pattern from the canopy area and the ability of 
wind force distribution on the ground of the maize canopy with reference to the 
temperature measurement device of the thermal camera as shown in Figure 4 (a). and the 
wind speed measurement as shown in Figure 4 (b), it was found that the corn canopy 
under or near the flight had a temperature change in a decreasing direction, causing the 
wind under the wings to blow down on the corn plants to reduce the humidity, resulting in 
increasing the rate of pollen panicle breakage. In addition, the soil voids in the plot also 
had a decrease in temperature). The soil area of the test plot while the drone was flying 
over had a temperature that cooled down in the same direction as the wind force 
distribution on the ground of the maize canopy as shown in Figure 2 and  Figure 3. 

Figure 2. The results of the downwash airflow field on canopy  from simulation method 
In the LBM models, XFlow adopts a three-dimensional lattice structure of 
airflow on canopy (a) Temperature measurement device of the thermal 
camera  incorporates 19 velocity vector directions (D3Q19) within the lattice 
framework (b) the wind speed measurement  of six vectors stretching from 
the center to the lattice vertices (e5, e11, e11, e15 and  e18)

Figure 3. Calibration of temperature derived from thermal images captured (a) 
The results of modeling Imaging  (c) a temperature that cooled down in 
the same direction as the wind force distribution on the ground of the 
maize canopy ( d) Impact of downwash airflow

(a) (b)

(b)
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 Cutting diameter and germination percentage

Evaluation of Cassava Cuttings for Tolerance to Water Deficit Stress Conditions 

ariety Cutting diameter (cm)
germination percentage (%)

1 WAP 2 WAP 3 WAP 4 WAP

DOA.Rayong5 2.3b 44.3a 55.7b 100.0 100.0

DOA.Rayong9 2.1bc 33.0b 89.0a 100.0 100.0

DOA.Rayong11 2.2bc 33.0b 78.0ab 100.0 100.0

DOA.Rayong15 2.1cd 33.0b 89.0a 100.0 100.0

DOA.Rayong90 2.1cd 33.0b 89.0a 100.0 100.0

Kasetsart50 2.2bc 0.0c 89.0a 100.0 100.0

HuayBong80 2.0cd 33.0b 100.0a 100.0 100.0

Hanatee 2.0cd 33.0b 100.0a 100.0 100.0

Kasetsart2 2.7a 33.0b 100.0a 100.0 100.0

Pirun2 1.9d 33.0b 100.0a 100.0 100.0

Itthi1 2.3b 33.0b 100.0a 100.0 100.0

Itthi2 2.1bc 33.0b 89.0a 100.0 100.0

F-test ** ** * - -

CV (%) 5.6 19.0 16.3 - -

1

3
4

2

ariety
water-deficit stress period aftf er re-watering

5 WAP 6 WAP 7 WAP 8 WAP 10 WAP 12 WAP

DOA.Rayong5 100.0a 100.0a 67.0b 89.0ab 67.0a 33.0b

DOA.Rayong9 78.0b 67.0c 67.0b 44.3d 11.0c 0.0c

DOA.Rayong11 100.0a 100.0a 78.0b 67.0bcd 33.0b 33.0b

DOA.Rayong15 100.0a 89.0ab 67.0b 78.0abc 33.0b 33.0b

DOA.Rayong90 100.0a 100.0a 67.0b 78.0abc 33.0b 44.3b

Kasetsart50 100.0a 100.0a 67.0b 67.0bcd 33.0b 33.0b

HuayBong80 100.0a 100.0a 67.0b 67.0bcd 67.0a 67.0a

Hanatee 100.0a 100.0a 100.0a 67.0bcd 0.0c 0.0c

Kasetsart2 67.0b 67.0c 67.0b 44.3d 33.0b 33.0b

Pirun2 100.0a 78.0bc 67.0b 67.0bcd 33.0b 33.0b

Itthi1 100.0a 100.0a 100.0a 100.0a 67.0a 67.0a

Itthi2 100.0a 67.0c 67.0b 55.7cd 33.0b 67.0a

F-test ** ** ** ** ** **

CV (%) 5.8 9.3 8.3 20.3 17.4 18.4

A B C D

E F G H
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 Lasiodiplodia theobromae

 Lasiodiplodia theobromae
 

 L. theobromae
 co-culture plate 

PDA  72   
 Bacillus amyloliquefaciens PN10  

64.29%  B. amyloliquefaciens DL9  B. siamensis
DL7  53.57% 45.00%  

 
 72  

  90%
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Abstract
The fungus Lasiodiplodia theobromae commonly infects cocoa pods during 

the harvesting period before entering the fermentation process. This study aimed 
to evaluate the effectiveness of antagonistic bacteria in inhibiting L. theobromae, 
the causal agent of post-harvest pod rot in cocoa, using the co-culture plate 
method. It was found that antagonistic bacteria cultured on PDA medium for 72 
hours were most effective in inhibiting fungal mycelial growth. The antagonistic 
bacterium Bacillus amyloliquefaciens isolate PN10 showed the highest inhibition 
rate at 64.29%, followed by B. amyloliquefaciens isolate DL9 and B. siamensis
isolate DL7, which inhibited fungal growth by 53.57% and 45.00%, respectively. 
These results were consistent with the inhibition of fungal spore germination, 
where antagonistic bacteria cultured under shaking conditions for 72 hours 
showed the highest efficacy, inhibiting fungal spore germination by more than 
90% of all isolates.
Keywords:: Cocoa, Bacillus, Bacteria, Pod rot, Lasiodiplodia

 (Theobroma cacao L.)  Theobroma
  

 
 Fessehatzion and Olutiola (1987)  Botryodiplodia

theobromae (syn. L. theobromae) 
 

 Baciilus
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 (Jacobsen et al., 2004) 
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  PDA  2  

 (25–30 ºC)  1, 24, 48  72   
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Fig. 1 Morphological characteristics of L. theobromae isolate CNT8.23 obtained from rot 
pods of Theobroma cacao. Disease symptoms on a pod 2 days after inoculation (A). 
The inoculated pod completely covered by the fungal mycelia 7 days after inoculation
present of black conidiomata (white circle) (B). Colony appearance at 7 days old culture 
(C) Immature conidia (D) Mature conidia (E) Scale bars (D-E) = 20 m

 L. theobromae  CNT8.23
 

 Fig. 1   
      (Mbenoun et al., 2008; 

Kannan et al., 2010; Alvindia and Gallema, 2017; Huda-Shakirah et al., 2022; 
Puig, 2023)  L. theobromae

 DL7, DL9  PN10  1, 24, 48  72  
 3  

1, 24  48  (Table 1)  PN10  2.5 
  DL9  DL7

 1.75  1.15    Fig. 2
 Calvo et al. (2019)  B. amyloliquefaciens

 Monilinia sp.  Penicillium expansum
 Chukeatirote et al. (2023)

  B. amyloliquefaciens  B. velezensis
 

 L. theobromae

            24  (108

cfu/ )  48  72 
  

 90% (Table 2)  germ tube  
 48  72  (Fig. 3)

   (2562)    (2566) 
 Lasiodiplodia sp.

  dieback  
 
 Lipopeptide  

 
 (Jiang et al., 2016)

Antagonistic bacteria
Mycelial growth inhibition (%) Inhibition zone (cm)

1 h 24 h 48 h 72 h 1 h 24 h 48 h 72 h

B. siamensis DL7 39.11b 39.64c 42.14c 45.00c 0.73b 0.78c 0.95c 1.15c

B. amyloliquefaciens DL9 42.14a 46.43b 51.07b 53.57b 0.95a 1.25b 1.58b 1.75b

B. amyloliquefaciens PN10 43.57a 52.14a 59.29a 64.29a 1.05a 1.65a 2.15a 2.50a

CV (%) 6.13 13.29 14.79 15.55 19.6 35.0 33.8 32.8

Tablee 1 Mycelial growth inhibition of L. theobromae isolate CNT8.23 by B. siamensis isolate DL7, B.
amyloliquefaciens isolate DL9 and B. amyloliquefaciens isolate PN10 incubated for 1, 24, 48 and 72 hr on
co-culture plates.

a-c Different superscript letters within each column are significantly different by DMRT (p<0.05)
Tablee 22 Inhibition of L. theobromae isolate CNT8.23 spore germination after inoculation of bacterial cell
suspension of B. siamensis isolate DL7, B. amyloliquefaciens isolate DL9 and B. amyloliquefaciens isolate
PN10 aged 1, 24, 48 and 72 hr.

Antagonistic bacteria
Spore germination inhibition (%) Bacterial cell count (cfu/ml)

1 h 24 h 48 h 72 h 1 h 24 h 48 h 72 h

B. siamensis DL7 3.74c 8.10a 93.86a 97.91a 5.4x106 9.8x108 7.7x108 4.9x108

B. amyloliquefaciens DL9 7.57b 4.85b 92.96b 92.41b 3.4x106 8.9x108 5.0x108 3.9x108

B. amyloliquefaciens PN10 11.27a 1.35c 79.52b 90.44b 3.1x106 8.0x108 4.7x108 3.9x108

CV (%) 46.56 66.98 10.84 4.06 31.52 10.11 28.49 13.64

 72  
 

 B. amyloliquefaciens  PN10  B. amyloliquefaciens
 DL9 B.

siamensis DL7

a-c Different superscript letters within each column are significantly different by DMRT (p<0.05)

Fig.. 22 Antagonistic effects of B. siamensis isolate DL7, B. amyloliquefaciens isolate DL9 and B. amyloliquefaciens
isolate PN10 at 1, 24, 48 and 72 h old culture on the growth of L. theobromae isolate CNT8.23 for 3 days.

Fig.. 3 Antagonistic effects of B. siamensis isolate DL7, B. amyloliquefaciens isolate DL9 and B. amyloliquefaciens
isolate PN10 at 1, 24, 48 and 72 h old culture on the spore germination of L. theobromae isolate CNT8.23 for 3 h under 
light microscope with 400x magnification. Scale bar = 10 m
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54.00-58.93  

 C. morio
+   

+

181.60-202.33 
C. cephalonica

 132.08-159.50 
(Figure 1)

The black earwig Chelisoches morio Fabricius (Dermaptera:
Chelisochidae) is an important natural enemy of coconut leaf beetle
Brontispa longissima Gestro (Coleoptera: Hispidae) and other insect
pests of coconut. This study investigated the influence of prey and
alternative food sources on the development and reproduction of C.
morio using six different diets including 1) B. longissimi 2) eggs of
Corcyra cephalonica Stain (Lepidoptera: Pyralidae) 3) cat food 4)
catfish food 5) eggs of C. cephalonica+cat food and 6) eggs of C.
cephalonica +catfish food. The results presented that Results presented
that catfish food is the most suitable diet for rearing C. morio with the
shortest development time, highest number of egg laid, total number
of egg in their lifespans, number of female offspring and balance sex
ratio.
Keyword : Brontispa longissima, Corcyra cephalonica, Opisina arenosella,

Tirathaba rufivena

Influence of Prey and Alternative Foods on Development and Reproduction 
of Predaceous Black Earwigs Chelisoches morio Fabricius (Dermaptera: Chelisochidae)
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Table 1 Mean duration in days for each instar of C. morio reared on different diets 

 

Figure 1 Lifespan duration 
of adult male C. morio
reared on different diets

Figure 2 Lifespan duration of 
adult female C. morio reared 
on different diets

Figure 3 Number of times
C. morio female reared on 
different diets laid eggs
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RBR01( ), RBR03( - - ),RBR05( - ) Liquid Chromatography - Orbitrap Mass Spectrometry

Naringenin Quinones Alizarin, Embelin, Rhein
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Anthocyanin

Fig. 6 Chemical structure of Embelin(Orange)

(Ko et al., 2018)
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2(2 ) Liquid Chromatography - Orbitrap Mass Spectrometry (RBR01 Cherry-red) (RBR03 Pink-White-Green) (RBR05 White-Green)

2 Flavonoids Quinones Flavonoids Naringenin Anthocyanin 1(1 ) 2(2 ) (RBR01,

RBR03) Naringenin 2(2 ) Quinones Alizarin(Red), Embelin(Orange), Rhein(Yello) 1(1 ) 2(2 )
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Fig. 2 Chemical structure of Naringenin

(Shen, 2009)

Fig. 3 Naringenin RBR01, RBR03, RBR05

Fig. 4 Chemical structure of Alizarin(Red)
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(Method Settings)

1. Ultra Performance Liquid Chromatography mass spectrometer (UHPLC-MS)

( Ultimate3000 , DIONEX) Method Duration (min) : 20 , Ion Source : Ion Source Type

H-ESI, Positive Ion (V) 3500, Negative Ion (V) 2500, Ion Transfer Tube Temp ( C) 333,

Vaporizer Temp ( C) 317

2. MS Global Settings : Infusion Mode Liquid Chromatography, Expected LC Peak Width (s) 6
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• P1 (Deng and Hiruki, 1991) /P7 (Schneider et al., 1995)

 R16mF2 / R16mR1 (Gundersen and Lee, 1996)  

•  (SPB_Os1)    (orange Leaf) (Figure 1 A)

•  (NPT_Me1)   (witches’ broom and short internodes) (Figure 1 B) 

•  (NPT_Cp9)    (yellows and necrosis) (Figure 1 C) 

•  (KRI_Zm1)    (undeveloped 
and small cob, sterility and lack of kernel in cob) (Figure 1 D)

•  (NPT_Vr1)    (phyllody) (Figure 1 E) 

•  (NPT_Cc1)   (curled leaves, yellow) (Figure 1 F)

•  (NMA_As3)   (deformation leaves) (Figure 1 G) 

•  (NPT_Ot)   (yellow) (Figure 1 H)

•  (NPT_Js1)    (flower proliferation and 

little leaf) (Figure 1 I)

•  (NPT_Cv1)   (phyllody) (Figure 1 J)

•  (NPT_Ca2)   (phyllody) (Figure 1 K) 
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ABSTRACT

Nested PCR 10

1 Nested PCR 1 P1/P7 2 R16mF2/R16mR1

Nested PCR 1,400 bp 2

: , , , , 

Phytoplasmas affect to economic crops worldwide, cause diseased with different symptoms such as witches’ broom, phyllody, yellow leaf, and stunt. The objective of this study were to survey and to detect 

phytoplasma in symptomatic economic crops and weed by Nested PCR. Symptomatic economic plants in total 10 samples, rice, cassava, corn, mung beans, tree spinach, custard apple, holy basil, chili, papaya and jasmine, and 

one weed, wild spinach were collected. Phytoplasma detection by using the Nested PCR was performed, the first round of Polymerase Chain Reaction (PCR) using P1/P7 primer pair and the R16mF2/R16mR1 primer pair 

was used in second round. The result showed that all symptomatic samples were phytoplasma infected when confirmed by Nested PCR detection, showed DNA target band approximately 1,400 bp in second round reaction in 

all samples. The results of phytoplasma disease surveillance were indicated risk of disease epidemic in future on economic crops such as rice, cassava, corn, chili, papaya and mung beans even if in weeds which is reservoir of the 

pathogen. The studying of pathogen identification and disease transmission are necessary to implement in disease management system, to prevent disease epidemic and to reduce crop losses of economic crops in future.

Keywords: phytoplasma, disease, surveillance, economic crop, weed
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Figure 1 Disease symptoms of collected samples; rice (SPB_Os1) showing orange leaf (A), cassava (NPT_Me1) 

showing witches’ broom and short internodes (B), papaya (NPT_Cp9) showing yellows and necrosis (C), corn 

(KRI_Zm1) showing undeveloped and small cob, sterility and lack of kernel in cob (D), mung bean (NPT_Vr1) 

showing phyllody (E),  tree spinach (NPT_Cc1) showing curled and yellow leaves (F),  custard apple (NMA_As3) 

showing deformation leaves (G), holy basil (NPT_Ot2) showing yellow shoot (H), jasmine (NPT_Js1) showing 

flower proliferation and little leaf (I), wild spinach (NPT_Cv1) showing phyllody (J), and chili (NPT_Ca2) showing 

phyllody (K)
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Figure 2 The 16S rRNA PCR products were amplified by (A); P1/P7 and (B); R16mF2/R16mR1 primer 

pairs. lane 1 = 1 kb DNA ladder, 0.5 ug/ul, ExcelBandTM (SMOBio, Taiwan), lane 2= positive control (cassava 

witches’ broom KRI-M-4), lane 3= negative control (ddH2O), lane 4= rice (SPB_Os1), lane 5 =cassava 

(NPT_Me1), lane 6=papaya (NPT_Cp9), lane 7= corn (KRI_Zm1), lane 8= mung bean (NPT_Vr1), lane 9= 

tree spinach (NPT_Cv1), lane 10 = custard apple (NMA_As3), lane 11 = holy basil (NPT_Ot2), lane 12 = 

jasmine (NPT_Js1), lane 13 = wild spinach (NPT_Cc1) and lane 14 = chili (NPT_Ca2)
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11 Nested PCR 16S rRNA

P1/P7 1 1,800 bp 8 (SPB_Os1) (NPT_Cp9)
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(Figure 2 A) R16mF2/R16mR1 2 1,400 bp 11

(Figure 2 B)
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Figure 1 Cassava fresh root yield (ton/rai) % starch and the released year of each variety

Ward’s method   

  

 3

    6  11 

 

 19  

 

  

Ward’s method 

(standardized)

 2-3   3 

 5-8   6  

11 (Table1) 

3 groups 6 groups 9 groups 11 groups

1 Rayong 1.1 Rayong

1.2 (Prachinburi,     

      Chachoengsao,

      Sa Kaeo)

1.1 Rayong

1.2. (Prachinburi,

       Chachoengsao, 

       Sa Kaeo)

1.1 Rayong

1.2.1 Prachinburi

1.2.2 (Chachoengsao, Sa 

Kaeo)

2  Nakhon Sawan 2 Nakhon Sawan 2.1 (Nakhon Sawan, 

Lopburi)

2.2 (Sukhothai, Chai Nat)

2.1 (Nakhon Sawan, 

Lopburi)

2.2 (Sukhothai, Chai Nat)

3 Khon Kaen  3.1 (Khon Kaen, 

      Nakhon Ratchasima,  

      Phetchabun,      

      Mukdahan, 

      Maha Sarakham)

3.2 (Kalasin, Roi Et,

       Loei, Sakon

Nakhon)

3.3 (Ubon Ratchathani,    

     Nakhon Ratchasima-  

       Pakchong)

3.1.1 (Nakhon Sawan, 

          Nakhon Ratchasima,    

          Phetchabun)

3.1.2 (Mukdahan, 

          Maha Sarakham)

3.2.1 (Kalasin, Roi Et)

3.2.2 (Loei, Sakon Nakhon)

3.3    (Ubon Ratchathani,    

         Nakhon Ratchasima-   

         Pakchong)

3.1.1.1 (Nakhon Sawan, 

            Nakhon Ratchasima)

3.1.1.2 Phetchabun

3.1.2    (Mukdahan, 

            Maha Sarakham)

3.2.1    (Kalasin, Roi Et)

3.2.2    (Loei, Sakon Nakhon)

3.3      (Ubon Ratchathani, 

           Nakhon Ratchasima-    

           Pakchong)

Table 1 Location clustering for cassava varieties research and development program
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Table 1 

Asteraceous weeds

Total alkaloids

(mg AE/ g sample)

Total flavonoids

(mg RE/g sample)

Water Ex. Methanol Ex Water Ex. Methanol Ex

Bidens pilosa ± ± a ± ±

Melampodium divaricatum ± ± a ± ±

Pluchea indica ± ± ± ± b

Tridax procumbens ± ± a ± ±

Ageratum conyzoides ± ± a ± j ±

Chromolaena odorata ± ± ab ± ± a

Anaphalis margaritacea ± ± a ± ±

Asteraceous weeds

Total phenolics

(mg GAE/ g sample)

Total saponins

      (mg DE/g sample)

Bidens pilosa ± ± 179 75± ± a

Melampodium divaricatum ± ± 177 80± ±

Pluchea indica ± ± a 181 81± ±

Tridax procumbens ± ± 186 13± ±

Ageratum conyzoides ± ± 180 16± ±

Chromolaena odorata ± ± b 198 00± ± ab

Anaphalis margaritacea ± ± 205 16± ± a

* ±SD

DPPH

1

1

2006 94(4 558-564

2006 97(4 654-660

2007 Peganum harmala 1(2 79-82

- 2010 + - 58 2912
1999 47(10 3954-3962

2007 93-100

Fig. 1 
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Abstract
Importance of the work: Boesenbergia rotunda is distributed in Southeast Asia and Thailand. Its pharmacological values have been explored during the COVID-19
pandemic.
Objectives: This study developed an efficient and rapid micropropagation of B. rotunda using in vitro culture for mass production.
Materials & Methods: B. rotunda explants were obtained from two different field locations in Thailand (Nakorn Pathom and Phayao province). The first experiment 
was to optimize plant growth regulators for multiplication. Secondly, the effects of elicitors (JA, SA and Phe) and sucrose on growth and secondary metabolite 
production were determined. 
Results: : For the multiplication of B. rotunda from Nakorn Pathom and Phayao, the suitable formula are different for each. In vitro growth of plants from Nakorn
Pathom and Phayao exhibited diverse responses. Nevertheless, optimal growth of plants was observed in shoots cultured on MS supplemented with Phe and JA, but not 
SA. For those from Nakhon Pathom, the highest total phenolic compounds (2.16±0.05 mg GAE g-1 DW) and pinostrobin (12.32±0.61 mg g-1 DW) were obtained from 
MS with 9% sucrose + JA in the range of 10-20 mg L-1. For those from Phayao, the highest total phenolic compounds (0.90±0.02 mg GAE g-1 DW) and pinostrobin
(8.88±0.14 mg g-1 DW) were obtained from MS with 9% sucrose + 20 mg L-1 Phe.
Main finding: Practical and reliable protocols for mass production and disease-free plant stocks of B. rotunda were established. Application of elicitors provided an 
alternative strategy for improving media formulation. Changing the concentrations of sucrose could be a significant component of making the bioactive substances of B. 
rotunda L. greater in aseptic conditions. 

Keywords: Boesenbergia rotunda L., Elicitation, Fingerroot, Micropropagation, Pinostrobin

Introduction
Boesenbergia rotunda L. is a tropical medicinal plant. This plant has a yellow rhizome and several storage roots that accumulate phytochemical substances. Many 
bioactive compounds are found in this plant including pinostrobin, panduratin A, pinocembrin, alpinetin, boesenbergin A and cardamonin, which contribute to its anti-
cancer, anti-inflammatory, antiallergic, and antioxidant properties (Ongwisespaiboon and Jiraungkoorskul, 2017). The accumulation of bioactive compounds in the 
rhizomes and storage roots occur during its growth and maturation phase. This study was focused on the development of rapid micropropagation protocol of B. rotunda 
using in vitro shoot culture. The effect of plant growth regulators was determined on shoot multiplication. The effect of elicitors (JA, SA and Phe) addition and sucrose 
concentration were also determined on in vitro growth and phytochemical content production.

Materials and Methods 
Explants of B. rotunda L. were obtained from two different field locations in Thailand, Nakhon 
Pathom and Phayao. Sprout buds were surface sterilized and cultures on Murashige and Skoog (MS) 
(Murashige and Skoog, 1962) medium with LS vitamins (Linsmaier and Skoog, 1965), 4.44 M N6-
benzylaminopurine (BAP), 30 gL-1 sucrose, 4.5 gL-1 agar (A111), and 2.5 gL-1 gellan gum (G434) 
and adjusted to pH 5.7. The experiments consisted of 1) the effect of cytokinin and auxin on shoot 
multiplication. Different concentrations of BAP, kinetin (Kn), zeatin (Zt), 1-naphthaleneacetic acid 
(NAA), and indole-3-butyric acid (IBA) were applied; 2) the effect of elicitors and sucrose on in 
vitro growth. Different concentrations of elicitors (Phe, JA, and SA) and sucrose were applied; and 
3) the effect of elicitors on phytochemical contents which were total phenolic content (TPC) and 
pinostrobin. An analysis of variance and Duncan's Multiple Range Test (DMRT) were used to 
analyze and compare the means and find differences that were statistically significant (p<0.05). 

Results and Discussion
Optimizing the concentration of cytokinin and auxin for shoot multiplication
Shoots with pseudostems about 3-5 cm were used as explants and cultured on MS basal medium 
supplemented with various concentrations of BA, Kn, and zeatin (2 and 4 mg L-1), combining with 
NAA or IBA (0.1 and 0.5 mg L-1). After cultured for 4 weeks, all parameters, which were length of 
explants, length of new shoots, shoot number, and leaf color (represented as SPAD reading scores)
were evaluated (Fig. 1). As for B. rotunda L. from Nakhon Pathom, all parameters were 
significantly different ( ) among the treatments except the length of new shoots, as shown in 
Table 1. While B. rotunda L. from Phayao, all parameters were significantly different ( )
among the treatments except leaf color, as shown in Table 2.
The effect of elicitors on in-vitro growth
The application of elicitors stimulated root number in B. rotunda L. from Nakhon Pathom. It was 
found that the maximum root number of 12.2 roots per explant was reported in plants grown on MS 
medium with 9% sucrose + 10 mg L-1 Phe (Table 3). It was about twice as high as the root number 
of plants grown on the control treatment which was MS medium with 3% sucrose alone. For other 
parameters, the length of explants and root length were highest in plants grown on the control 
treatment. Although the parameter was not significantly different from the control, shoots grown on 
MS medium with 3% sucrose + 10 or 20 mg L-1 Phe, MS medium with 3% sucrose + 10 mg L-1 JA, 
and MS medium with 6% sucrose + 10 or 20 mg L-1 Phe had high length of explants (Table 3).
The effect of elicitors on phytochemical contents
According to 19 treatments, the shoots treated with SA had significantly lower growth than the 
control. The experiment was repeated by excluding SA. Overall, of the 13 treatments in the present 
of sucrose, Phe and JA were tested for phytochemical analysis. The results showed that the addition 
of elicitors affected root numbers. Shoots of B. rotunda L. from Nakhon Pathom grown on MS 
supplemented with 6% sucrose + 10 mg L-1 JA had significantly highest root numbers compared to 
the control (Table 3). While shoots of B. rotunda L. from Phayao grown on MS supplemented with 
9% sucrose + 10 mg L-1 Phe had the highest root numbers compared to the control (Table 3).

Fig 1. Growth and shoot multiplication of B. rotunda from Nakhon Pathom (A) and Phayao (B), as the effect of 
BAP, kinetin (Kn), and zeatin (Zt) combining with IBA or NAA compared to the control (scale bar = 1 cm)

(A) (B)
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Trt Plant growth regulators (mg L-1) Length of explant 
(cm)

Length of new 
shoots (cm)

Shoot number
(shoots)

SPAD reading 
scoresBAP Kinetin Zeatin NAA IBA

1 0 0 0 0 0 5.7±0.8a 0.0±0.0ns 0.0±0.0f 21.8±0.8a-c

2 2 - - - - 3.6±0.6bc 1.2±1.1 2.4±1.1a-d 19.2±0.6b-d

3 4 - - - - 3.9±0.9b 1.7±1.2 2.0±1.6a-e 20.9±0.9a-c

4 - 2 - - - 3.3±0.6bc 2.0±1.6 2.2±1.1a-e 16.6±0.6cd

5 - 4 - - - 3.2±0.7bc 2.0±1.3 1.8±1.6b-e 19.0±0.7b-d

6 - - 2 - - 3.8±0.6b 1.5±1.4 1.2±0.8c-f 22.2±0.6a-c

7 - - 4 - - 4.0±0.5b 1.4±0.9 3.2±1.6a-b 21.8±0.5a-c

8 2 - - 0.1 - 3.4±1.0bc 1.0±1.0 1.0±1.2c-f 22.4±1.0a-c

9 2 - - 0.5 - 3.6±0.5bc 1.3±0.8 1.6±1.5c-f 19.5±0.5a-d

10 2 - - - 0.1 3.1±0.4bc 2.2±1.7 1.6±0.9c-f 21.4±0.4a-c

11 2 - - - 0.5 3.0±0.8bc 1.5±0.9 2.0±1.0a-e 19.2±0.8b-d

12 4 - - 0.1 - 3.2±1.7bc 1.5±0.4 1.4±0.5c-f 18.7±1.7b-d

13 4 - - 0.5 - 3.2±1.3bc 1.5±0.2 2.0±0.7a-e 13.9±1.3d

14 4 - - - 0.1 3.7±0.5b 1.6±0.4 2.6±1.5a-c 22.3±0.5a-c

15 4 - - - 0.5 3.3±0.6bc 1.5±0.8 3.4±0.9a 18.0±0.6b-d

16 - 2 - 0.1 - 3.4±0.5bc 1.3±1.6 1.4±1.1c-f 20.3±0.5a-d

17 - 2 - 0.5 - 3.2±0.4bc 1.2±1.4 0.8±0.8d-f 19.5±0.4a-d

18 - 2 - - 0.1 3.9±0.5b 2.0±1.4 1.0±1.0c-f 22.1±0.5a-c

19 - 2 - - 0.5 3.1±1.5bc 2.0±0.8 1.0±0.7c-f 23.6±1.5ab

20 - 4 - 0.1 - 3.6±1.2bc 1.5±1.1 1.8±1.1b-e 23.2±1.2a-c

21 - 4 - 0.5 - 2.3±0.8c 1.4±1.3 0.8±0.4d-f 24.2±0.8ab

22 - 4 - - 0.1 3.5±0.9bc 1.1±1.0 1.4±1.1c-f 25.9±0.9a

23 - 4 - - 0.5 3.5±1.1bc 0.5±1.0 0.6±0.8ef 21.0±1.1a-c

24 - - 2 0.1 - 3.5±0.8bc 1.7±0.8 1.6±1.7c-f 23.8±0.8ab

25 - - 2 0.5 - 3.1±1.3bc 1.9±1.4 1.4±1.1c-f 19.0±1.3b-d

26 - - 2 - 0.1 4.0±0.4b 1.2±1.1 1.0±0.7c-f 23.1±0.4a-c

27 - - 2 - 0.5 3.5±1.2bc 2.5±1.6 1.4±0.5c-f 20.6±1.2a-c

28 - - 4 0.1 - 3.2±0.4bc 1.6±1.5 0.6±0.5ef 22.8±0.4a-c

29 - - 4 0.5 - 3.4±0.6bc 1.8±1.2 0.6±0.5ef 21.2±0.6a-c

30 - - 4 - 0.1 3.6±0.6bc 1.0±0.9 1.4±1.3c-f 22.8±0.6a-c

31 - - 4 - 0.5 3.6±0.3bc 2.1±0.8 1.0±1.0c-f 20.1±0.3a-d

Trt Plant growth regulators (mg L-1) Length of explant 
(cm)

Length of new 
shoots (cm)

Shoot number
(shoots)

SPAD reading 
scoresBAP Kinetin Zeatin NAA IBA

1 0 0 0 0 0 4.9±0.6ab 0.7±1.0cd 1.0±1.7b-f 19.9±2.2ns

2 2 - - - - 3.4±0.8cd 1.8±0.6a-d 3.8±1.3a 20.3±4.4
3 4 - - - - 3.2±0.4d 2.1±0.4a-c 2.6±1.1ab 15.6±3.5
4 - 2 - - - 4.8±1.0a-c 0.0±0.0d 0.0±0.0f 19.0±2.3
5 - 4 - - - 4.0±0.5b-d 1.0±2.2b-d 0.2±0.4ef 19.7±1.4
6 - - 2 - - 4.3±1.1a-d 3.4±0.8a 1.6±0.9b-f 17.9±2.1
7 - - 4 - - 4.5±1.0a-d 2.8±1.7ab 1.2±1.1b-f 18.7±3.3
8 2 - - 0.1 - 4.4±1.2a-d 0.8±0.7b-d 2.2±2.3bc 18.3±3.2
9 2 - - 0.5 - 3.2±0.8d 2.1±1.4a-c 2.0±1.9b-d 20.6±3.2

10 2 - - - 0.1 4.3±0.5a-d 1.8±1.4a-d 1.4±0.9b-f 18.3±2.0
11 2 - - - 0.5 3.7±0.9b-d 2.2±0.8a-c 1.8±0.8b-e 21.4±2.6
12 4 - - 0.1 - 4.0±0.6b-d 1.5±0.7a-d 2.2±1.8bc 15.5±4.0
13 4 - - 0.5 - 3.8±0.7b-d 2.2±1.3a-c 2.6±2.4ab 19.6±2.0
14 4 - - - 0.1 3.8±1.1b-d 1.6±1.0a-d 1.4±1.1b-f 21.8±1.0
15 4 - - - 0.5 3.6±0.5b-d 1.9±0.3a-d 2.0±1.0b-d 17.2±6.0
16 - 2 - 0.1 - 5.7±0.7a 0.0±0.0d 0.0±0.0f 21.6±4.1
17 - 2 - 0.5 - 4.3±0.9a-d 0.0±0.0d 0.0±0.0f 17.8±4.7
18 - 2 - - 0.1 4.6±0.7a-d 1.1±2.4b-d 0.2±0.4ef 20.0±2.1
19 - 2 - - 0.5 3.7±0.3b-d 0.9±2.0b-d 0.2±0.4ef 19.5±2.8
20 - 4 - 0.1 - 4.3±1.4a-d 1.3±1.8b-d 0.6±0.9c-f 17.6±1.9
21 - 4 - 0.5 - 3.5±0.8b-d 1.6±2.2a-d 0.2±0.4ef 18.3±3.5
22 - 4 - - 0.1 4.0±0.9b-d 0.0±0.0d 0.4±0.5d-f 19.9±1.3
23 - 4 - - 0.5 4.6±1.1a-d 0.7±1.5cd 0.2±0.5ef 19.3±2.5
24 - - 2 0.1 - 3.7±1.2b-d 1.9±1.8a-d 1.2±1.5b-f 20.5±3.1
25 - - 2 0.5 - 4.6±1.3a-d 0.4±0.8cd 0.2±0.4ef 18.8±3.7
26 - - 2 - 0.1 3.8±0.8b-d 0.9±1.2b-d 0.4±0.5d-f 17.7±2.1
27 - - 2 - 0.5 3.5±1.0b-d 0.0±0.0d 0.0±0.0f 17.9±2.8
28 - - 4 0.1 - 3.4±0.8cd 0.6±0.9cd 0.6±1.3c-f 19.4±2.1
29 - - 4 0.5 - 4.0±1.4b-d 0.8±1.1cd 1.0±1.4b-f 18.4±2.8
30 - - 4 - 0.1 4.5±1.5a-d 1.2±1.7b-d 0.6±0.9c-f 15.7±5.3
31 - - 4 - 0.5 4.3±1.0a-d 1.5±1.4a-d 0.6±0.5c-f 20.0±2.5

Table 1. growth variables as the effect of plant growth regulators of B. rotunda (Nakhon Pathom) on in vitro
shoots cultured for 4 weeks.

Fig 2. Plant materials form varied trials (A), contents 
of pinostrobin (B), and total phenolic compounds (C) 
of B. rotunda (Nakhon Pathom)

Table 2. growth variables as the effect of plant growth regulators of B. rotunda (Phayao) on in vitro shoots
cultured for 4 weeks.

Table 3. growth variables as the effect of sucrose and elicitors (Phe and JA) of B. rotunda (Nakhon Pathom 
and Phayao) on in vitro growth and phytochemical contents of shoots cultured for 6 weeks. 

Different elicitors 
(mg L-1)

B. rotunda (Nakorn pathom) B. rotunda (Phayao)

Sucrose 
(%)

Phe JA Root number 
(roots)

Total phenolic 
content 

(mg gallic acid 
equivalent g-1

DW)

Pinostrobin
(mg g-1 sample)

Root number 
(roots)

Total phenolic 
content 

(mg gallic acid 
equivalent g-1

DW)

Pinostrobin
(mg g-1 sample)

3 10 0 5.86±1.0ab 0.61±0.03f 4.79±0.17f 4.83±1.9ab 0.55±0.03ef 6.48±0.10e

3 20 0 5.46±1.1b 0.58±0.02f 5.34±0.01f 3.75±1.3a-c 0.52±0.03f 4.99±0.12h

3 0 10 6.73±1.7ab 0.61±0.02f 6.42±0.05e 4.66±3.7ab 0.58±0.03d-f 5.67±0.17fg

3 0 20 6.20±1.7ab 0.72±0.04e 5.62±0.04ef 1.25±2.1cd 0.60±0.02c-e 2.88±0.07i

6 10 0 6.86±1.9ab 1.16±0.05c 8.13±0.10cd 6.16±1.3ab 0.71±0.05b 5.55±0.12g

6 20 0 5.66±2.5ab 1.08±0.06c 9.29±0.09b 6.42±0.9ab 0.63±0.03cd 5.15±0.11h

6 0 10 8.27±1.9a 0.87±0.03d 8.86±0.09bc 4.83±1.7ab 0.76±0.03b 7.62±0.15c

6 0 20 6.00±3.4ab 0.75±0.03e 7.54±0.16d 3.33±3.4bc 0.65±0.05c 7.07±0.12d

9 10 0 7.33±0.9ab 1.12±0.05c 9.27±0.41b 6.83±2.0a 0.89±0.05a 8.35±0.14b

9 20 0 7.06±1.4ab 1.09±0.05c 7.65±0.83d 5.75±1.2ab 0.90±0.04a 8.88±0.14a

9 0 10 6.26±2.5ab 1.30±0.05b 12.32±0.61a NR 0.62±0.03cd 3.08±0.04i

9 0 20 0.47±0.9c 2.16±0.10a 7.56±0.23d NR 0.61±0.02cd 8.84±0.18a

3 0 0 5.00±0.8b 0.64±0.03f 6.51±0.12e 3.66±0.7bc 0.52±0.02f 6.03±0.17f
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Table 1 Chemical and physical properties of soil before planting
pH

(1:1)

EC (1:5)

(dS m–1)

OM (%)

(Walkley 

and Black)

Avail. P

(mg kg–1)

(Bray II)

Exch. K 

(mg kg–1)

(NH4OAc pH7)

Sand Silt Clay Texture 

(Hydrometer method)

(%)

6.14 0.05 0.95 11 75 16 38.4 45.6 Clay

 5
 0 4.5 9 13.5  

18 . N /
RCBD

5  4

 (Fine, mixed, active, nonacid, isohyperthermic Aeric (Vertic) Endoaquepts)
Note: EC = Electrical conductivity; OM = Organic matter; Avail. P = Available phosphorus; Exch. K = Exchangeble potassium

1.    3
 18 

. N/   

 68.2 . 

 13.5 . N/  

    

10.1 .  269.8 ./   

 (18 . 

N/ )   

  (Table 2)

Table 2 Effect of nitrogen fertilizer on yield 

components and yield of mung bean cv. Chai Nat-3

Mean ± SE within a column followed by the same letter is not significantly different by 

DMRT (P > 0.05), **=0.01, *=0.05 and ns = nonsignificant

2.   
Table 3 Effect of nitrogen fertilizer on shoot dry 

weight, primary nutrients uptake and agronomic 

nitrogen use efficiency of mung bean cv. Chai Nat-3

 

13.5 . N/  

  15.5 . N/  

  

 9 . N/  

  4.9 

. P/   

 4.5 . N/  

  

13.7 . K/  (Table 3)

3.
 

 

 13.5  N

  269.8 

   quadratic 

 y = -0.4453x2 +7.2718x+238

R2=0.774 (Figure 1A)

Mean ± SE within a column followed by the same letter is not significantly different by 

DMRT (P > 0.05), **=0.01, *=0.05 and ns = nonsignificant

4.
  (4.5–18 . N/ ) 

   VCR  -0.67–1.80  VCR  2.0 (Table 4) 

 18 . N/   
Table 4 Effect of nitrogen fertilizer on economic return of mung bean cv. Chai Nat-3
Nitrogen fertilizer (kg N rai–1) Yield (kg rai–1) Increase yield (%) Gross benefit Gross return Cost on fertilizer Increased cost Net benefit Net return

VCR
(Bath rai–1)

0 238 - 6,455 - 260 - 6,195 - -

4.5 250 5 6,766 312 467 207 6,299 104 1.50

9 266 12 7,200 746 674 415 6,526 331 1.80

13.5 270 13 7,317 862 882 622 6,435 240 1.39

18 218 -9 5,899 -556 1,089 830 4,809 -1,386 -0.67
1/VCR = Value to Cost Ratio; Fertilizer price on January 2023: 46–0–0 (21.21 Baht/kg), 0–46–0 (23.47 Baht/kg), 0–0–60 (21.29 Baht/kg) and yield price: 27.12 Baht/kg 

Nitrogen 

fertilizer

(kg N/rai)

Plant 

height 

(cm)

Pod 

length

(cm)

Pods

plant–1

Seeds

pod–1
1,000 

seed (g)

Yield

(kg/rai)

0 63.9±1.3c 9.8±0.0ab 12.6±0.4 11.0±0.4 72.7±1.8 238.0±6.3ab

4.5 63.5±0.9b 9.4±0.1b 12.7±0.6 11.2±0.3 70.7±1.2 249.5±2.0a

9 65.0±0.5ab 9.8±0.0a 15.0±0.6 10.9±0.4 73.8±1.6 265.5±2.8a

13.5 67.3±1.5a 10.1±0.3a 13.3±1.1 11.3±0.2 72.2±0.8 269.8±12.7a

18 68.2±0.5a 9.7±0.0ab 13.1±0.6 11.2±0.1 73.8±1.2 217.5±16.8b

F-test * * ns ns ns *

CV (%) 3.1 2.8 10.6 5.6 3.7 8.0

Nitrogen 

fertilizer

(kg N/rai)

Shoot 

Dry matter 

(kg rai–1)

Nutrient uptake (kg rai–1) ANUE

Nitrogen Phosphorus Potassium

0 616 ± 18b 11.0 ± 0.1d 4.0 ± 0.1d 11.5 ± 0.4c -

4.5 645 ± 8ab 12.4 ± 0.2c 4.6 ± 0.1b 13.7 ± 0.1a 2.6

9 688 ± 7a 13.3 ± 0.6bc 4.9 ± 0.0a 12.7 ± 0.3b 3.1

13.5 623 ± 5b 15.5 ± 0.1a 4.6 ± 0.0b 12.2 ± 0.1bc 2.4

18 608 ± 28b 14.4 ± 0.5ab 4.3 ± 0.1c 12.1 ± 0.1bc -1.1

F-test * ** ** **

CV (%) 4.9 5.7 3.1 4.0

Figure 1 Response curve of grain yield (A) and total nitrogen uptake in plant (kg N/rai) 

with nitrogen fertilizer of mung bean cv. Chai Nat-3

(A) (B)

Source: Office of Agricultural Economics (2023)

 3   

( )    

  1.5 

 269.8 ./  

  0–3–3 . N–P2O5–K2O/  

Ardeshana, R.B., M.M. Modhwadia, V.D. Khanparal and J.C. Patel. 1993. Response of greengram (Phaseolus radiatus) to nitrogen, phosphorus and Rhizobium 

inoculation. Ind. J. Agron. 38(3): 490-492. 

Thansettakij. 2023. Expand seed production network of Mung Bean (Chai Nat 3) to support food security. Available Source: 

https://www.thansettakij.com/sustainable/food-security/569082, December 26, 2024. (in Thai)
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Allelopathic Effect of Mungbean and Corn in Intercropping System on Weed Control and Crops Yield
a b a a,*

a b . . 73140

KUML4 8

(

(allelopathy)

(allelochemicals)

(Rice,1984

( 2561) Saudy (2015

-

50%

Poehlman (1991)

20-25%

KUML4 8

3

(

T1: Wan1351

T2 KUML

T3 KUML

T4

T5 -

T6 KUML

T7 KUML

T8

T9 -

: 

-

Trt
7 DAP 14 DAP 21 DAP 30 DAP

------------------------------------------------------------- -----------------------------------------------------------------

T1 - 3.41±0.46 - 8.94±0.58 - 14.92±1.92 - 36.17±6.5

9

T2 5.06±0.20 - 7.82±0.40 - 1.72±2.05 - 31.45±9.23 -

T3 5.34±0.03 - 9.91±1.77 - 12.23±2.58 - 32.23±8.91 -

T4 5.80±0.14 - 9.43±0.46 - 11.94±1.02 - 22.80±5.65 -

T5 4.81±0.15 - 8.65±0.56 - 11.47±1.10 - 20.63±5.01 -

----------------------------------------- ---------------------------------------------

T6 -23.33

±5.00ab
-37.68

±5.70c
-9.59

±2.15b
0.28

±2.43

-11.47

±3.07

-23.02

±9.95

31.31

±8.52

- 9.95

±3.44

T7

±3.37a
2.05

±3.83b
16.82

±4.71a
-5.98

±3.19

10.58

±1.21

-1.37

±1.41

44.35

±7.60

- 13.24

±5.93

T8 -66.57

±14.01b
43.79

±2.41a
6.08

±2.33ab
11.58

±5.49

2.32

±1.28

-1.84

±1.72

16.36

±2.36

-20.82

±3.42

T9 -56.60

±10.01b
-13.93

±5.35b
3.39

±1.49ab
1.62

±2.64

-19.35

±2.02

12.40

±6.30

12.72

±7.42

-9.01

±5.30

Table 1 

7 14 21

* Mean± 0.05.

-

Table 2 

7 14

Trt

7 DAP 14 DAP

------- -1 ------- ------- -1 -------

T1 0.00±0.00 18.00±6.15 77.33±10.81 3.33±1.16 28.67±7.01 50.67±10.01

T2 2.67±1.06 44.00±7.47 10.67±3.06 6.67±3.02 52.67±13.00 4.00±1.00

T3 1.00±0.90 44.67±8.59 36.67±9.93 4.00±2.46 108.00±36.72 33.33±5.35

T4 2.67±1.67 22.67±7.54 8.67±5.11 9.33±2.31 29.33±7.43 33.33±1.16

T5 1.33±0.31 24.67±7.02 102.00±23.39 8.00±2.00 60.67±19.33 80.67±19.35

------------------- ------------------- ------------------ -------------------

T6 25.00

±5.00a
27.17

±2.27ab
-81.25

±19.25b
-100.00

±21.00b
-11.35

±1.39b
-150.00

±23.25b

T7 -366.67

±66.67c
68.66

±8.66a
-85.45

±5.45b
-233.33

±33.33c
40.12

±1.12ab
-198.00

±8.00b

T8 100.00

±26.62a
6.86

±4.04b
33.33

±3.85a
16.67

±8.17a
9.09

±5.23ab
280.00

±53.26a

T9 52.00

±2.00b
8.11

±1.11b
62.09

±2.07a
25.00

±1.00a
50.55

±0.55a
8.26

±0.74ab

Trt

------- -1 ------- ------- -1 -------

T1 9.33±3.02 29.33±13.72 47.33±13.65 4.00±1.00 20.00±3.11 102.00±28.01

T2 8.67±2.57 44.67±11.86 9.33±2.17 18.67±4.24 24.00±8.00 10.00±4.21

T3 7.33±2.31 52.00±4.00 28.00±8.31 7.33±2.06 44.67±5.17 55.33±10.87

T4 8.67±2.87 23.33±8.29 3.33±1.06 7.36±1.15 23.33±8.31 17.33±5.53

T5 10.67±4.43 53.33±19.43 64.67±11.47 13.33±2.45 54.67±10.51 70.00±10.01

------------------ ------------------- ------------------ -------------------

T6 23.08

±3.08

17.99

±2.91

-78.57

±18.57b
46.43

±4.43a
5.56

±0.56

-211.33

±13.33b

T7 63.64

±14.36

15.38

±1.38

-119.05

±8.05b
-136.36

±6.36b
67.16

±1.84

-63.86

±2.14a

T8 0.00

±0.00

12.38

±6.67

106.67

±21.07a
15.15

±2.14a
11.43

±5.50

65.39

±4.47a

T9 50.00

±8.00

10.00

±2.32

38.14

±8.14a
20.00

±5.00a
47.56

±3.44

-7.62

±0.62a

Treatments
Mungbean yield

(g plant-1)

Corn yield (g ear-1)

Unpeeled Peeled

T1: corn - 40.21±6.90 35.05±10.09

T2: KUML4 6.25±0.77 - -

T3: KUML8 7.30±0.96 - -

T4: CN3 7.31±1.46 - -

T5: CN84 5.89±1.95 - -

T6: corn+KUML4 7.71±1.74 52.39±8.33 45.12±9.98

T7: corn+KUML8 6.91±2.87 45.23±4.66 39.70±7.19

T8: corn+CN3 8.50±2.47 58.10±7.66 32.62±8.32

T9: corn+CN84 7.23±0.11 53.79±10.21 41.70±9.21

Table 3 

1
( 2

7 14

( 3)

2561 9(2 100-113

Poehlman 1991

1984 p.

Saudy 2015 - - 61(1 1-14.



           ½ MS NAA 0.05 mg/l BA 1 mg/l

10 g/l 10.30 1.63 .

½ MS

NAA 0.05 mg/l 20 g/l 3.25 1.28 .

 
  BA

 2x3 factorial in
CRD  10   A  (10, 20 g/l)  B BA (0, 
1, 2 mg/l) 1 .  ½ MS + NAA 
0.05 mg/l + BA 0, 1, 2 mg/l +  10, 20 g/l  12   ½ MS + NAA 0.05
mg/l + BA 1 mg/l +  10 g/l  (10.30 )  (1.63 .) 

 20   ½ MS + NAA 0.05 mg/l +  20 g/l
 3.25   1.28 .  

: , , ,  

Ariocarpus fissuratus 'Godzilla’ Cactaceae

(Anderson et al., 1994;

Hunt, 1992)

BA

(Hemphill et al., 1998; Monostori et

al., 2012; Manuel et al., 2021)

BA

0 )  (1.63 .) 
AA 0.05 mg/l +  20 g/l

 

EXP. 1 liquid medium

2 x 3 Factorial in completely randomize design:
6 treatments combination, 10 replications

Fig. 2 Effects of 6-Benzyladenine and sucrose concentrations on shoot induction of Ariocarpus fissuratus ‘Godzilla’ in ½ MS liquid 

medium supplemented with 0.05 mg/L NAA after culturing 12 weeks: (A) 10 g/L sucrose + 0 mg/L BA, (B) 10 g/L sucrose + 1 mg/L 

BA, (C) 10 g/L sucrose + 2 mg/L BA, (D) 20 g/L sucrose + 0 mg/L BA, (E) 20 g/L sucrose + 1 mg/L BA, (F) 20 g/L sucrose + 2 mg/L BA. 

Scale bar: 1 cm 

2. 

BA    

  20 g/l

 (2.23   1.07 ..) (Table 2) 

 

  (Tamás et al., 2012)

EXP. 2 semi-solid medium

Shoot induction T1: Sucrose 10 g/l + BA 0 mg/l 
T2: Sucrose 10 g/l + BA 1 mg/l 
T3: Sucrose 10 g/l + BA 2 mg/l 
T4: Sucrose 20 g/l + BA 0 mg/l 
T5: Sucrose 20 g/l + BA 1 mg/l 
T6: Sucrose 20 g/l + BA 2 mg/l 

Data collection
• Number of shoots
• Shoot length (cm)

Medium: ½ MS with NAA 0.05 mg/l

3 months old

1.

10

g/l (5.43 ) 20 g/l (4.66 ) (Table 1)  

Manuel et al. (2021) hyperhydricity

osmotic stress

BA

BA 1 mg/l (7.20 1.45 . ) (Table

1) Rittirong et al. (2019)

Fig.2

3.   BA

 10 g/l  BA 1 mg/l  

 10.30   1.63 .  (Fig. 1)    

20 g/l  BA   3.25   1.28 .  

(Fig. 3  4)  Diego et al.(2021)  

  Oscar et al. (2010)  

 

 

Fig. 4 Effects of 6-Benzyladenine and sucrose concentrations on shoot induction of Ariocarpus fissuratus ‘Godzilla’ in ½ MS semi-

solid medium supplemented with 0.05 mg/L NAA after culturing 12 weeks: (A) 10 g/L sucrose + 0 mg/L BA, (B) 10 g/L sucrose + 1 

mg/L BA, (C) 10 g/L sucrose + 2 mg/L BA, (D) 20 g/L sucrose + 0 mg/L BA, (E) 20 g/L sucrose + 1 mg/L BA, (F) 20 g/L sucrose + 2 

mg/L BA. Scale bar: 1 cm 

Culture condition: 

Light intensity 40 mol m-2 s-1 

for 12 hours/day and 

Temperature control at 25±2°C

(A)

(B)

Fig. 1 Interaction between BA and sucrose concentrations on 

shoot induction in ½ MS liquid medium + 0.05 mg/L NAA in 

various amounts of BA and sucrose concentrations.

h t i d ti i ½ MS li id di 0 05 /L NAA

ab
a

bc c
ab ab

0

1

2

3

1 2 3 4 5 6

Sh
oo

t l
en

gt
h 

(c
m

)

a2h

d

a

bcd cd

b
bc

0

5

10

15

1 2 3 4 5 6

Nu
m

be
r o

f s
ho

ot
s/

pl
an

t

Factor T Number of shoots Shoot length (cm)

Sucrose (A) 10 5.43 ± 1.69 ª 1.26 ± 0.12

20 4.66 ± 0.76 b 1.10 ± 0.14

BA  (B) 0 0.85 ± 0.20 c 0.99 ± 0.18 c

1 7.20 ± 1.62 a 1.45 ± 0.13 ª

2 2.80 ± 1.02 b 1.10 ± 0.12 bc

A * ns

B ** *

A X B ** *

Table 1 The number of shoots and shoot length on ½ MS 

liquid medium + 0.05 mg/L NAA in various amounts of BA and 

sucrose concentrations after culturing 12 weeks.

Table 2 The number of shoots and shoot length of Ariocarpus 
fissuratus ‘Godzilla’ on ½ MS semi-solid medium supplemented 

with 0.05 mg/L NAA in various amounts of BA and sucrose 
concentrations after culturing 20 weeks.

Factor T Number of shoots Shoot length (cm)

Sucrose (A) 10 1.33 ± 0.30 b 0.70 ± 0.12 b

20 2.23 ± 0.31 a 1.07 ± 0.14 a

BA (B) 0 1.82 ± 0.53 0.79 ± 0.23

1 1.45 ± 0.23 0.87 ± 0.11

2 2.07 ± 0.38 1.10 ± 0.15

A * *

B ns ns

A X B ** *

Fig. 3 Interaction between BA and sucrose concentrations on 

shoot induction in ½ MS semi-solid medium + 0.05 mg/L NAA 

in various amounts of BA and sucrose concentrations.
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 6-Benzyladenine

 Ariocarpus fissuratus ‘Godzilla’ 
Effects ofoof Sucrose and nnndnd 6ddd d -6666666666-----Benzyladenine on ooon on In Vitrotttrtrrrroro Shoot Induction and Growth ttthth of ooof of Ariocarpus fissuratusttuuus ‘ss ‘Godzillallla’

 ,   ,       10900 

 : Neeranuch.net@ku.th

Ariocarpus fissuratus ‘Godzilla' has slow growth. Tissue culture can quickly increase the 
number of shoots and stimulate growth. This research aimed to find suitable BA and sucrose 
concentrations for shoot induction and growth in liquid and semi-solid media. The experimental 
design was a 2x3 factorial in CRD with ten replications; factor A was sucrose concentration (10, 20 
g/l), and factor B was the concentration of  BA (0, 1, 2 mg/l) by using 1 cm long distal shoots. After 
cultured the explant in liquid medium on ½ MS+ NAA 0.05 mg/l + BA 0, 1, 2 mg/l + sucrose 10, 20 
g/l for 12 weeks, the results showed that ½ MS + NAA 0.05 mg /l + BA 1 mg/l + sucrose 10 g/l 
provided the highest of shoot number (10.30 shoots) and shoot length (1.63 cm). Meanwhile, 
cultured explant on a semi-solid medium after 20 weeks; the results showed that ½ MS + NAA 
0.05 mg/l + sucrose 20 g/l provided the highest shoot number and shoot length, with an average 
of 3.25 shoots and 1.28 cm, respectively.

Keywords: cactus, cytokinin, sugar, tissue culture
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Effects of Seed Coating with Chitosan combined with Different Concentrations
of Galangal Essential Oils on Inhibiting Callosobruchus maculatus (F.) 
Infestation on Mung Bean Seeds during Storage

  a,    b,    c
a     .   15210 b       10900 c       10900

 

: , , 

Abstract

The experiments were conducted to
examine the effects of coating on mung bean 
seeds with chitosan 5% by volume with 
galangal essential oils at 0% 5% 10% 15% and 
20% by volume as a replacement for phosphine 
fumigants in controlling Callosobruchus
maculatus (F.) infestation. The effects of 
chitosan seed coating with galangal essential 
oils at 20% by volume was the most effective 
in preventing C. maculatus (F.)infestation 
that statistically significant compared with 
another concentration. These results suggest 
that mung bean seeds coated with chitosan and 
galangal essential oils 20% by volume can be 
used as a bio-insecticide to control of 
C. maculatus (F.) infestation.
Keywords : Galangal Essential Oils, 
Callosobruchus maculatus (F.), Chitosan

(Callosobruchus maculatus (F.)) 

Khan & Ansari (2018) 

CO2
( , 2558) 

Rossi & Palacios (2015) 
1,8-cineole

(ANOVA) STAR
(Statistical tool for Agricultural Research)

1.

2. 

5%

3. 

4. 

1) + 0%

2) + 5%

3) + 10%

4) + 15%

5) + 20%

Treatment
The mung bean seeds 

that remained ndamaged
by C. maculatus (%)

1. Chitosan + 
Galangal EO coating 0% 0 c

2. Chitosan + 
Galangal EO coating 5% 0 c

3. Chitosan + 
Galangal EO coating 10% 6.27 c

4. Chitosan + 
Galangal EO coating 15% 45.27 b

5. Chitosan + 
Galangal EO coating 20% 73.33 a

F test *

Table 1. The percentage of mung bean seeds 
on each treatment that remained undamaged
by C. maculatus.

Trt. 1 Trt. 2

Trt. 3 Trt. 4

Trt. 5

Figure 1. The photo of mung bean seeds coated 
with chitosan and galagal essential oils at 
difference concentration in each treatment.
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Khan, M. A., and Ansari, R. A. 2018. "Seed priming with chitosan enhances seed 

germination and seedling vigor of garden pea (Pisum sativum L.). 
International Journal of Agronomy, 2018, 1-8. 
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Evaluating efficacy of preoperative skin preparation 
with 2% chlorhexidine gluconate and 70% alcohol in 

reducing bacterial bioburden in dogs
Nithida Boonwittayaa, ChompoonekYurayarta, Saroch Kaewmaneeb

and Taksaon Duanguraia* 
aFaculty of Veterinary Medicine, Kasetsart University, Bangkok 10900, Thailand , 

bFaculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand

Nithida Boonwittaya
      Kasetsart University Veterinary Teaching Hospital
      Email: nithida.b@ku.th
      Phone: 027971900 (3216, 3202), 0865882835

Contact

1. Seidelman, J.L., Mantyh, C.R., Anderson, D.J. 2023. Surgical site infection prevention: A review. JAMA. 329: 244–252. doi: 
10.1001/jama.2022.24075

2. Verwilghen, D., Singh, A. 2015. Fighting surgical site infections in small animals: Are we getting anywhere? Vet. Clin. North Am. Small Anim. 
Pract. 45: 243–276. doi: 10.1016/j.cvsm.2014.11.001

3. Nye, A.K., and Thieman Mankin, K.M. 2024. Small animal patient preoperative preparation: A review of common antiseptics, comparison 
studies, and resistance. Front. Vet. Sci. 11: 1374826. doi: 10.3389/fvets.2024.1374826

4. Boonwittaya, N., Yurayart, C., Udomkusonsri, P., Kaewmanee, S., Sompaisarnsilp, S., Thengchaisri, N., Duangurai, T. 2024. Comparative 
evaluation of chlorhexidine gluconate with alcohol and polyhexamethylene biguanide with Tris-EDTA as antiseptic solutions for pre-
operative skin preparation in dogs. Vet. World. 17: 2451–2459. doi: 10.14202/vetworld.2024.2451-2459

5. Ali, Y., Dolan, M.J., Fendler, E.J., Larson, E.L. 2000. Alcohols. In: Block, S. (Ed.). Disinfection, Sterilization, and Prevention. Lippincott, Williams and 
Wilkins. Philadelphia, PA, USA, pp. 229–253.

6. Lim, K.S., Kam, P.C. 2008. Chlorhexidine-pharmacology and clinical applications. Anaesth. Intensive Care. 36: 502–512. 
doi:10.1177/0310057X0803600404

References

Importance of the work: Optimized antisepsis and protocols are essential
for improving veterinary surgical outcomes and preventing surgical site
infections (SSIs).
Objectives: To assess the effectiveness of 2% chlorhexidine gluconate and
70% alcohol (CHG-Alc) in reducing the bacterial bioburden in canine
surgical patients.
Materials and Methods: Ten client-owned dogs were involved in a
standardized protocol of skin preparation. Following an initial skin
cleaning step, CHG-Alc was applied. Bacterial cultures were collected at
three time points: before antisepsis, 3 min and 60 min post-application.
The samples were processed to quantify bacterial counts and to assess
antimicrobial resistance.
Results: Pre-antisepsis, Staphylococcus pseudintermedius was the most
frequently isolated bacterium, including multidrug-resistant strains.
Bacterial counts decreased significantly 3 min after CHG-Alc application,
with a complete absence of growth at 60 min post-application.
Main finding: CHG-Alc was highly effective for canine preoperative skin
preparation, significantly reducing bacterial counts and preventing
regrowth. Its use in veterinary preoperative protocols should be strongly
supported to minimize the risk of surgical site infections.

Abstract
Pre-antisepsis:
   -   All dogs showed bacterial growth before antiseptic application.
   - Staphylococcus pseudintermedius was the predominant species,
including MDR strains resistant to multiple antibiotics (Fig. 2).
3 min post-application:
- Significant bacterial reduction (p < 0.05) (Fig. 3).

  - 80% of samples showed no growth.
- Minimal bacterial growth in only 2 samples (low CFU counts).

60 min post-application:
- No bacterial growth in any samples, demonstrating the prolonged

antimicrobial action of CHG-Alc (Fig. 3).

Introduction

Subjects: 10 client-owned dogs undergoing standard surgical preparation 
at the Kasetsart University Veterinary Teaching Hospital. 
Study Design: 

- Hair clipping (Fig. 1A-B) and initial skin cleaning with neutral detergent 
(Fig. 1C). 

- Application of CHG-Alc as a single-step antiseptic method. 
- Bacterial samples collected at three time points (Fig. 1D-F): 

1. Before antisepsis (baseline bacterial bioburden). 
2. 3 min after CHG-Alc application. 
3. 60 min after CHG-Alc application. 

Bacterial Analysis: 
• Culture and identification of bacterial species using matrix-assisted

laser desorption/ionization-time of flight mass spectrometry (MALDI-
TOF MS)

• Quantification of bacterial colony-forming units (CFU/mL).
• Antimicrobial resistance testing using the disk diffusion method,

including detection of multidrug-resistant (MDR) strains.

Methods and Materials

The study demonstrates that a single application of CHG-Alc
significantly reduces bacterial bioburden in canine surgical patients, with
effects sustained for at least 60 min post-application. The rapid
bactericidal action of alcohol5 combined with sustained antimicrobial
effect from chlorhexidine6 supports its routine use in veterinary surgical
protocols. This finding aligns with the critical role of preoperative
antiseptic protocols in minimizing SSIs. The predominant bacterial
species isolated prior to antisepsis, Staphylococcus pseudintermedius,
including MDR strains, was also effectively eliminated.

This protocol is time-efficient, practical, and enhances surgical
safety, making it a recommended standard protocol in veterinary
surgery.

The relatively small sample size and a single geographic location limit
the generalizability of the results. Future research involving larger and
more diverse populations, along with long-term follow-up for SSI
monitoring, is recommended to further validate these findings of CHG-
Alc protocols in veterinary surgery.

Discussion

A single application of 2% CHG with 70% alcohol after initial skin cleaning with neutral 
detergent showed the benefits: 
• Rapid and sustained bacterial reduction (>99%) in 3 min.
• Effective against MDR bacteria, including S. pseudintermedius.
• Prolonged antimicrobial effect for at least 60 min. 

Simple, time-efficient, and easily integrated into 
veterinary practice

Conclusions

Surgical site infections (SSIs) are a major concern in veterinary
medicine, leading to prolonged recovery times and increased treatment
costs.1 The primary source of SSIs is endogenous bacteria from the skin,
with Staphylococcus pseudintermedius being the most common
pathogen in dogs.2 Preoperative antisepsis is crucial,3 but there is no
standardized protocol for skin preparation in veterinary practice.

The combination of chlorhexidine gluconate (CHG) and alcohol is
widely used due to its rapid bactericidal action and sustained
antimicrobial effects.3,4

This study evaluates the efficacy of 2% CHG with 70% alcohol (CHG-
Alc) in reducing bacterial bioburden for canine preoperative skin
preparation

Results

Fig. 1 Preoperative skin preparation and sample collection process.

Fig. 2 Percentage of antibiotic-resistant bacteria isolated from pre-antiseptic sampling time, where n = number 
of isolates; AMK = Amikacin, AMC = Amoxicillin-clavulanic acid, ATH = Azithromycin, CL = Cephalexin, CRO = 
Ceftriaxone, CD = Clindamycin, IMI = Imipenem, DXT = Doxycycline, STS = Trimethoprim-sulfamethoxazole and 
ENF = Enrofloxacin

Fig. 3 Reduction of median bacterial counts before and after CHG-Alc application 

wit



, , , , , 73140

2566
2567 (p > 0.05) (60.24-

65.54%) (p = 0.202 0.338 )
-16,000.15 (-95,364.96-115,953.60 ) 26,659.78 (-260,734.06-150,958.04 )

-9.61% (-36.15, 43.60%) (p > 0.05) 

: , , , 

This study aimed to assess the true economic costs and profits of dairy farms by analyzing financial data during November 2023 and April 2024. The 

results indicated no significant difference in total costs between the two periods (p > 0.05). The majority of costs were variable, with animal feed representing 
60.24-65.54% of these costs. No significant differences were observed in the costs of concentrated feed and roughage between November and April (p-values 
of 0.202 and 0.338, respectively). Profitability varied by period: in November, a median loss was -16,000.15 baht (range: -95,364.96 to 115,953.60 baht), while, in 

April, a median profit was 26,659.78 baht (range: -260,734.06 to 150,958.04 baht). The median profit ratio relative to total costs was -9.61% (-36.15% to 
43.60%). No significant difference in profitability was observed between the two periods. 

Keywords: cost, benefit, dairy farm, business
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Fig. 2 Shows the proportion of variable costs between two periods, suggesting that feed cost and wages are 
the two largest proportions among all variable costs.

Fig. 1 Comparison of milk production per day of 20 farms between 2 period (November 2023 vs April 2024) which no statistical difference 
was observed (p-value=0.68).94.91% 94.70%
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Incomes

Items
November 2023 April 2024

P-value
Median Max-Min Median Max-Min

Raw milk 131422.75 634047.75-80214 154620 633265-54000
Culled cattle  2500 100000-0.00 5000 110000-.000
Total income/month 171341.5 670797.75-81454 173337 643665-59705 0.19

Milk yield/month (kg) 5901.35 29767.5-3375 6433.55 26985-2000 0.68

Profit/period (baht) -16000.145 115953.595-
-95364.96 26659.77 150958.04-

-260734.06 0.33

Profit/1 kg of milk (baht) -2.81 25.03-
-25.14 4.00 20.56-

-35.19 0.2

1 

7 . . 2566 15 . . 2567

. . 2567

. 2556. . ( 20). : .
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Table 1 Comparison of dairy farming business incomes across two study periods.
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Preparation of T. evansi Thai strain 
crude antigen in vitro

1. Desquesnes, M., Dargantes, A., Lai, D. H., Lun, Z. R., Holzmuller, P. & Jittapalapong, S. 2013c. Trypanosoma evansi and surra: a review and perspectives on transmission, 
epidemiology and control, impact, and zoonotic aspects. Biomed Res Int, 2013, 321237.
2. Kamyingkird, K., Chalermwong, P., Inpankaew, T., Ngasaman, R., Tattiyapong, M., Tiwananthagorn, S., Chimnoi, W., Choocherd, S., Kengradomkij, C., Klinkaew, N. & 
Desquesnes, M. 2022. Isolation and in vitro cultivation of Trypanosoma evansi Thai strains. Exp Parasitol, 239, 108289.

Trypanosoma evansi (T. evansi) is a hemoflagellate parasite transmitted by biting insects,
causing trypanosomosis in mammals, including humans. It leads to high mortality in
livestock, resulting in significant economic losses. In Thailand, T. evansi infections in livestock
often present with non-specific clinical signs, making diagnosis difficult. Therefore, an
accurate diagnosis is essential for controlling the spread of this disease. Indirect ELISA
(iELISA) with crude T. evansi antigens is recommended by the World Organisation for Animal
Health (WOAH) to identify carrier status. However, crude antigens are often produced using
experimental animals, raising ethical concerns.

This study aims to utilize an in vitro-produced T. evansi crude antigen in an indirect ELISA
to assess the seroprevalence of T. evansi infection in cattle, thereby enhancing the
application of in vitro-cultivated parasites for the development of a diagnostic method.

SEROPREVALENCE OF TRYPANOSOMA EVANSI IN THAI CATTLE USING 
AN INDIRECT ELISA BASED ON IN VITRO CULTIVATED ANTIGENS

Giang Thi Nguyena, Pairpailin Jhaiauna, Tanapat Mutchimadiloka, Wissanuwat Chimnoia, Burin Nimsuphana, 
Ruttayaporn Ngasamanb, Jumnongjit Phasuka, Tawin Inpankaewa, Ketsarin Kamyingkirda,

aDepartment of Parasitology, Faculty of Veterinary Medicine, Kasetsart University, Lad yao, Chatuchak, Bangkok, 10900, Thailand 
bFaculty of Veterinary Science, Prince of Songkla University, Songkhla 90110, Thailand

*Corresponding authors email: Ketsarin.ka@ku.th

• A total of 729 serum samples were collected from dairy and beef cattle across Thailand between June to December 2023.
An iELISA was developed using crude antigens from an in vitro cultivated Thai strain of T. evansi to detect specific
antibodies in the collected samples.

Conclusion Acknowledgment

References

• The Cut-off value (COV) is calculated using the formula: COV = Average OD of negative samples + (2 × Standard Deviation),
based on the OD values of 20 reference positive and 45 reference negative cattle serum samples in our serum bank.

• To evaluate the sensitivity and specificity of the newly developed iELISA using in vitro produced T. evansi crude antigen, we
compared it with the iELISA using in vivo produced T. evansi crude antigenon 160 cattle serum samples.

Preparation of T. evansi Thai strain 
crude antigen in vivo

iELISA T. evansi 
Thai strain procedure

Results

The individual and herd seroprevalence rates were 20.05% and
60%, respectively, indicating substantial exposure of cattle to

T. evansi. There were differences in seroprevalence rates among 
the provinces, with the highest rate observed in Suphanburi, 
while no seropositive cases were detected in Tak and Ubon 

Ratchathani.

Validation of cut off value, 
sensitivity and specificity test

N1

P1

N2

P2

N3

P3

The test showed 95% sensitivity and 
97.8% specificity.

The in vitro-produced crude antigen 
ELISA performed similarly to the in 

vivo-produced antigen (K=0.500).

The seroprevalence rates of T. evansi
differed significantly  among regions

( ² = 13.61, p = 0.003).

Cattle samples were tested by iELISA

This is the first study using in vitro cultivated 
T. evansi antigen iELISA test. The newly developed
iELISA test was successfully used as a diagnostic
tool to measure the seroprevalence of T. evansi
infection in cattle inThailand.
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faculty of veterinary medicine, Kasetsart University (VET.KU 2022.KP
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 Nucleoprotein indirect-ELISA 

Application of Nucleoprotein indirect-ELISA for serosurveillance of Rabies antibodies in dogs
 a,  a,  a,  a,  a,  a,  b,  a,*
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Effective Easy Competitive Enzyme-Linked Immunosorbent Assay Suitable for Monitoring Protective Immunity against the Rabies Virus in the Serum 
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Fig. 5 Statistic analysis of dog’s antibody titers from Chonburi. (A) Sex separation of vaccinated 

dogs. (B) Age separation of unvaccinated and unknown vaccination history dogs.

Fig. 2 The ROC curves analysis of sensitivity and 

specificity of N-ELISA (Area under the curve: 0.9482, 

95% CI: 0.8941-1 (DeLong)

Prof. Ken Maeda 
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  Nucleoprotein indirect-ELISA (N-ELISA)

  93.3%  95.9%  Rapid fluorescent focus 

inhibition test (RFFIT)  N-ELISA

 38.94%  
 43.96%  18.18% 

 (p < 0.0005) 

 N-ELISA

: , , , 

Rabies is continuously a public health and veterinary problem in Thailand. Dog-

transmitted rabies is the main cause of casualties annually. The monitoring of vaccine 

coverage and antibody response is necessary for the prevention of rabies. Nucleoprotein 

indirect-ELISA (N-ELISA) was developed to examine dogs' antibody titers against rabies. 

Sensitivity and Specificity are 93.3% and 95.9%, compared to the gold standard method. 

Dogs’ antibody titters in Chonburi were 38.94% by N-ELISA. A comparison between the 

history of dog populations found that antibody titers in control dogs are 43.96% while in 

stray dogs, it is 18.18%, the statistical analysis reveals a significant difference (p < 0.0005). 

These results suggest antibody titers of dogs weren’t enough to prevent rabies 

transmission according to WHO recommendations and the suitability and effectiveness of 

N-ELISA for monitoring antibody titters in dogs in the future.

Keywords: Antibody titters, Enzyme-linked immunosorbent assay, Nucleoprotein, Rabies
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Fig. 1 Situation of Rabies in Thailand from 2020–2022. (A) Number of Rabies positive samples from Chonburi 
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Study on the Effectiveness of Tuna Oil and Pectin Coating Materials to Minimize Florfenicol Leaching from Pelleted Feed

 a,  a,  a,  b

a     
b     

 

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

 (mixed medicated feed)  2  2   5, 15, 30, 60  120   120 

  2.90 ppm 29.05%  mixed medicated feed (1.23 ppm 

12.31%)  (7.16 ppm  71.63%)  (8.48 ppm  84.80%)  

 

 : , , , 

The study aimed to evaluate the effects of tuna oil and pectin to minimize the leaching rate of florfenicol from pelleted feed for Pacific white shrimp, prepared by a 

top-dressing approach. The experiment was divided into 4 groups: 1) medicated feed without a coating material (control feed), 2) tuna oil-coated feed, 3) pectin-coated 

feed, and 4) basal diet mixed with the drug before pelletizing (mixed medicated feed). Two grams of feed was immersed in 2 L of water, and the drug concentration in 

the water was measured at 5, 15, 30, 60, and 120 min. At 120 min, the pectin-coated feed had a drug concentration in the water of only 2.90 ppm (leaching rate 

29.05%), which was similar to the mixed medicated feed group (1.23 ppm; leaching rate 12.31%) but significantly lower than the tuna oil-coated feed (7.16 ppm; 

leaching rate 71.63%) and the uncoated feed (8.48 ppm; leaching rate 84.80%). The result indicates that pectin coating effectively reduces the drug leaching.

Keywords: Drug leaching, Antibiotics, Coating materials, Pelleted feed
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 Table1

  Table 2  control  5  
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Contamination of Total Petroleum Hydrocarbons (TPH) 
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Marine animal samples were collected from specific 
habitats, either directly from coastal ecosystems or 
local fishermen, August 2023. Samples were wrapped 
in aluminum foil and stored at –20°C for TPH analysis. 
Freeze-dried samples were ground, extracted via 
Automated Soxhlet Extraction. 

TPH contamination was detected in marine animals at 6 of 9 stations and 
all of 7 out of 10 species were found contaminated with TPH, ranging from 
ND to 6.97 g/g dry weight (chrysene equivalent) across crustaceans, 
mollusks, echinoderms, and fishes. Species that contaminated TPH in this 
study as show in this table below. 
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Group of marine 
animals Location Collected species

TPH contamination

( g/g dry weight)

Mollusks

Ban Phe community (6) Meretrix meretrix 6.97

Saeng Chan beach (2) Tenguella granulata 4.76

Takuan beach (1) Perna viridis 3.68
IRPC Oil Transport dock (4) Donax sp. ND

IRPC Oil Transport dock (4) Perna viridis ND

Saeng Chan beach (2) Arca navicularis ND

Laem Charoen beach (3) Saccostrea sp. ND

Takuan beach (1) Donax sp. ND

Takuan beach (1) Saccostrea sp. ND

Noen Kho beach (9) Saccostrea sp. ND

Crustaceans
Takuan beach (1) Portunus pelagicus 0.32

Mae Ramphueng beach (5) Matuta victor 4.81

Echinoderms
Personal beach (7) Holothuria sp. 2.59

Sai Kaew beach (8) Holothuria sp. 1.06

Fishes Takuan beach (1) Arius maculatus 2.27

• TPH contamination in by marine animal groups in this study ; 
    

Mollusks > Crustaceans > Echinoderms > Fishes
• The Highest = hard clam (Meretrix meretrix) 
     = 6.97 g/g dry weight
• The lowest = blue swimming crab (Portunus pelagicus) 
     = 0.32 g/g dry weight

• The highest value in Meretrix meretrix at Ban Phe (6.97 g/g dry weight) 
intense maritime as tourist boat transportation (to Samet island)

and communities. 
The semi-enclosed coastal topography of Ban Phe, which acts as 

a wind-shielded zone, could result in low water circulation. 
• Area near Map ta phut industrial areas demonstrated the lowest value in 

Portunus pelagicus at Takuan beach (0.32 g/g dry weight).

• Types of petroleum hydrocarbons 
differing chemical properties and impacts 

• The physical and chemical factors of surrounding environment
coastal morphology, monsoon winds (Mironov, 1980)
sediments as reservoirs for various contaminant pollutants 

(Massoud et al., 1996; Ghaemi et al., 2023)   
• Metabolism of each marine species 

ability of each species to accumulate and eliminate pollutants 
(Neff et al., 1976; Connell, 1997;  Ansari et al., 2012)

TPH contaminatio
RESULTS

s detected in marine animals at 6 on was
& DISCUSSION

CONCLUSION
• TPH contamination in marine animals along Rayong’s coast found 

varying contamination levels across different species and areas
• Mollusks > Crustaceans > Echinoderms > Fishes
• The mollusk group; Hard clams (Meretrix meretrix) can act as 

bioindicators of TPH.
• Maritime activity areas with the environmental condition higher 

TPH accumulation compared to other areas. 
• This underscores the critical importance of raising awareness 

about the impacts on ecosystems. Particular attention should be 
directed toward Ban Phe coastal area (station 6), which is a high-
risk contamination area, other areas should not be overlooked 
either. 

Portunus pelagicus) ss
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• Commonly found in both nature and human activities, such as
combustion, fuel, or crude oil, especially industrial oil areas.

• Rayong province, frequently faces oil spills, due to its various
industrial zones and multiple uses such as being a key fishing area
that is crucial to both the regional and national economy.

• Should concerned about human health risks from toxicity of TPH
associated with seafood consumption in this coastal area

Habitat & Feeding characteristics

reas demonstrated the lowest value in 
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Apocyclops royi (Lindberg, 1940)
Yeast supplementation in the culture medium affects the fatty acid content of copepods 
Apocyclops royi (Lindberg, 1940)

 a,  b, a*

a     10330
b 12120

 ,  ,  , . 2562.  Apocyclops royi (Lindberg, 1940) Tetraselmis suecica  Thalassiosira sp. . 47 (  1): 305-312.
 , ,  ,  ,  ,   . 2563.  Apocyclops royi . 48 (  1): 101-108.

 ,  , ,   . 2561. . . https://buuir.buu.ac.th/handle/1234567890/3872 
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 (Saccharomyces cerevisiae) Apocyclops royi  
2  25 

psu  14  (1) Tetraselmis suesica, (2) Saccharomyces cerevisiae 

 (3) T. suecica S. cerevisiae

 T. suesica

T. suesica S. cerevisiae  S. cerevisiae 15,800 1,216, 15,233 3,544  
3,333 757 Docosahexaenoic Acid (DHA)  Eicosapentaenoic Acid 

(EPA)  0.348, 0.360  0.071 mg/100mg copepod  

S. cerevisiae EPA T. suecica S. cerevisiae  DHA 

 T. suecica S. cerevisiae T. suecica

: , , Apocyclops royi,  

This study aimed to investigate the effects of yeast (Saccharomyces cerevisiae) supplemented diets on the 

growth and fatty acid composition in Apocyclops royi. The copepods were cultured in 2-liter glass bottles filled 

with seawater at a salinity of 25 PSU. They were fed three food regimes for 14 days including: (1) Tetraselmis

suesica; (2) S. cerevisiae; (3) the combination of T. suecica with S. cerevisiae. Growth rates and fatty acid 

compositions in the experimental copepods were determined. The results showed that the density of the 

copepods fed with T. suesica, S. cerevisiae, and T. suecica combined with S. cerevisiae was 15,800 1,216, 

15,233 3,544, and 3,333 757 individuals per liter, respectively. Additionally, the essential fatty acid contents, 
Docosahexaenoic Acid (DHA) and Eicosapentaenoic Acid (EPA) in copepods fed with T. suesica, S. cerevisiae, and 

T. suecica combined with S. cerevisiae have a total amount of 0.348, 0.360, and 0.071 mg/100mg of copepods, 

respectively. Notably, EPA was not detected in the S. cerevisiae treatment. However, copepods fed T. suecica

with S. cerevisiae had lower DHA content than copepods fed T. suecica. Therefore, S. cerevisiae can be used as 

a supplement to T. suecica to cultivate copepods during algae shortages, which will promote algae growth.

Keywords: Brewer’s yeast, Copepod, Apocyclops royi, Fatty acid 

(Live food)  

(  , 

2561)

Polyunsaturated fatty acid 

(PUFA)  Highly unsaturated fatty acids (HUFA) HUFA 

Docosahexaenoic Acid (DHA), Eicosapentaenoic Acid (EPA)  Arachidonic Acid (ARA) 

(Watanabe et al., 1983) 

Tetraselmis suesica Apocyclops

royi  (  , 2563) A. royi
(  , 2561) 

 (Saccharomyces cerevisiae)  Brewer’s yeast 
    (Gopalakannan and Arul, 2010) 

(Rodrigues et al., 2021) 
 

 (S. cerevisiae) T. suecica A. royi AMBT201601 

 A. royi AMBT201601 (Fig.1) 
2 25 ppt 

 1    T. suecica  ( ) 150x104 

 2    (S. cerevisiae)  0.2-0.4

 3   S. cerevisiae  0.2-0.4 T. suecica
150x104 ) 

     T. suecica 5 25 psu
F/2 (Guillard, 1973) 25  

  5,500   T. suecica 150x104 

 1 m 0.2 g/L

0.4 g/L

2  (Fig.2)  500-

1,000 25    5,500  

 Compound Microscope

3-4  (30-50%)  
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PBS 1 : 1 PBS 3  PBS 
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Thongdet et al. (2024) 

Fig.1 Apocyclops royi AMBT201601
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T. suecica 15,800±1,216 

T. suecica S. cerevisiae  S. cerevisiae 
15,233±,3544 3,333±757 

 A. royi T. suecica

15,134±951 ,  T. suecica S. cerevisiae 

14,401±3,123 S. cerevisiae  

2,501±337 (Fig.3) A. royi T. suecica

Thalassiosira sp. T. suecica

 S. cerevisiae ( , 2562) 

Tisbe monozota  Mixed algae (T. suecicas, Chaetoceros muelleri, 

Nannochloropsis oculata, Isochrysis galbana) Baker’s yeast 

(Farhadian et al., 2008) DHA, EPA  ARA 

(Puello-Cruz et al., 2004) 

(A)A)( )

S. cerevisiae T. suecica

T. suecica T. suecica S. 

cerevisiae DHA T. suecica  S. cerevisiae 

Fig. 3   Density of copepod fed with 

different diets: T. suecica (A); S. cerevisiae 

(B); T. suecica + S. cerevisiae (C)

Fig.4  Fatty acid (mg/ 100mg) (HUFA) of copepod fed with different diets.

 T. suecica, S. cerevisiae  T. suecica S. cerevisiae 
 (Total fat) 9.39  17.68 mg/100 mg 

 

EPA  DHA (HUFA) 

3 S. cerevisiae EPA 

 HUFA  S. cerevisiae, T. suecica  T. suecica S. cerevisiae 0.360, 
0.348  0.071 mg./100 mg.copepod   (Fig.4) 

T. suecica  
(  , 2561;  , 2563) 

Fig.2 Copepod cultivation experiment
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(Holothuria scabra, Jeager 1833) :(Holothuria scabra, Jeager 1833) :
Impact of Stocking Density and Environmental Factors on Growth and Survival of White Sea
Cucumber (Holothuria scabra, Jeager 1833) in Natural Enclosures: A Case Study from Koh Poo,
Krabi Province

Impact of Stocking Density and Environmental Factors on Growth and Survival of White SeaImpact of Stocking Density and Environmental Factors on Growth and Survival of White SeaImpact of Stocking Density and Environmental Factors on Growth and Survival of White Sea
Cucumber (Cucumber (Cucumber (Holothuria scabraHolothuria scabraHolothuria scabra, Jeager 1833) in Natural Enclosures: A Case Study from Koh Poo,, Jeager 1833) in Natural Enclosures: A Case Study from Koh Poo,, Jeager 1833) in Natural Enclosures: A Case Study from Koh Poo,
Krabi ProvinceKrabi ProvinceKrabi Province
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The study on white sea cucumber (Holothuria scabra) farming in natural enclosures

at Koh Pu, Krabi, over 24 months, showed an increase in average weight from 244.91g to

472.59g, with a speci c growth rate of 0.098–0.114 g/day and a weight gain of 0.35–0.44

g/day. The average survival rate was 19.16%, with the highest survival (36.78%) at lower

stocking densities (0.75–1.0 individuals/m ) and the lowest (6.53%) at higher densities

(1.75 individuals/m ). Environmental conditions were suitable, with sediment organic

matter at 3.24–4.54%. The peak weight (757.3g) was recorded in August before declining

during the breeding season. The ndings highlight the importance of density

management and environmental control to optimize commercial farming.

Abstract
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Abstract
This research aims to study 1) basic personal, social, and economic conditions of farmers, 2) knowledge about durian production
under GAP standards and durian export quality, and 3) problems, obstacles and requirements for supporting durian production.
The study tool was a structured interview and a knowledge test. The data were collected from 53 farmers who were participating
in the collaborative farming of the Department of Agricultural Extension in Krabi Province. Data were analyzed by descriptive
statistics. The results of the study found that (1) most farmers were female, aged over 60 years old, and with 5-10 years of
experience in durian cultivation. 85.50% of farmers grew Mon Thong Durian in a monoculture cropping with an average planting
area of 9.09 rais. The average cost was 20,945 baht/rai/year, with an average yield of 740 kilograms/rai/year. The important
problems of durian production were the high cost of production factors, the recording of durian production data, and the
prevention of disease and pest outbreaks. Farmers had knowledge in the planting, prevention and control of durian diseases and
pests in accordance with the requirements of Good Agricultural Practices (GAP) and agricultural product standards at a
moderate and excellent level, 30.19% and 28.30%, respectively. The need of farmers for knowledge support in the durian
production ( = 3.64±0.95), knowledge in compliance with GAP standards, pre-harvest management ( = 3.43±1.01), and data
recording ( = 3.77±0.89), and a high-level need for assessment forms by government agencies ( = 3.87±0.71) and via online
platforms ( = 3.81±0.94).
Keywords: Durian production, Durian export quality, Good Agriculture Practices

Introduction

Problems and Needs
for supporting in durian production according to the standards

of Good Agricultural Practices of farmers in Krabi Province

Results
1) Most farmers were female, aged over 60 years old,
had completed elementary school education, and had
5-10 years of experience in durian cultivation. 85.50% of
farmers grew Mon Thong Durian in a monoculture
cropping with an average planting area of 9.09 rais. The
average production cost is 20,945 baht per rai per year,
average production volume is 740 kilograms per rai per
year, and 56.60% of farmers had advance contracts
with companies/packing houses in Chumphon province.
75.50% of farmers have received GAP standard
certification (TAS 9001-2021), and 24.50% are in the
process of applying.
2) Farmers (30.19%) knew about the durian production
under the GAP quality management system at a
moderate level, and the issue that farmers answered
most incorrectly was the requirements of GAP food
crops (TAS 9001-2021) and disease and pest control in
durian production (Fig.1)

3) The important problems of durian production
were the high cost of production factors, the
recording of durian production data, and the
prevention of disease and pest outbreaks. (Table 1)

4) The need of farmers in the durian production
knowledge at a high level ( = 3.64±0.95). The need
of farmers in Good Agricultural Practices (GAP)
standards for durian production had a moderate
level. Both of the need of farmers about inspection
by the government and via digital platform (website)
had a high level at the same level. (Table 2)

Materials and Methods
The data were collected from 53 farmers who were
participating in the collaborative farming of the
Department of Agricultural Extension in Krabi Province.
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1) Most farmers were female, aged over 60 years old,
had completed elementary school education, and had
5-10 years of experience in durian cultivation. 85.50% of
farmers grew Mon Thong Durian in a monoculture
cropping with an average planting area of 9.09 rais. The
average production cost is 20,945 baht per rai per year,
average production volume is 740 kilograms per rai per
year, and 56.60% of farmers had advance contracts
with companies/packing houses in Chumphon province.
75.50% of farmers have received GAP standard
certification (TAS 9001-2021), and 24.50% are in the
process of applying.
2) Farmers (30.19%) knew about the durian production
under the GAP quality management system at a
moderate level, and the issue that farmers answered
most incorrectly was the requirements of GAP food
crops (TAS 9001-2021) and disease and pest control in
durian production (Fig.1)

3) The important problems of durian production
were the high cost of production factors, the
recording of durian production data, and the
prevention of disease and pest outbreaks. (Table 1)

4) The need of farmers in the durian production
knowledge at a high level ( = 3.64±0.95). The need
of farmers in Good Agricultural Practices (GAP)
standards for durian production had a moderate
level. Both of the need of farmers about inspection
by the government and via digital platform (website)
had a high level at the same level. (Table 2)

This research aims to study 1) basic personal, social, and economic conditions of farmers, 2) knowledge about durian production
under GAP standards and durian export quality, and 3) problems, obstacles and requirements for supporting durian production.
The study tool was a structured interview and a knowledge test. The data were collected from 53 farmers who were participating
in the collaborative farming of the Department of Agricultural Extension in Krabi Province. Data were analyzed by descriptive
statistics. The results of the study found that (1) most farmers were female, aged over 60 years old, and with 5-10 years of
experience in durian cultivation. 85.50% of farmers grew Mon Thong Durian in a monoculture cropping with an average planting
area of 9.09 rais. The average cost was 20,945 baht/rai/year, with an average yield of 740 kilograms/rai/year. The important
problems of durian production were the high cost of production factors, the recording of durian production data, and the
prevention of disease and pest outbreaks. Farmers had knowledge in the planting, prevention and control of durian diseases and
pests in accordance with the requirements of Good Agricultural Practices (GAP) and agricultural product standards at a
moderate and excellent level, 30.19% and 28.30%, respectively. The need of farmers for knowledge support in the durian
production ( = 3.64±0.95), knowledge in compliance with GAP standards, pre-harvest management ( = 3.43±1.01), and data
recording ( = 3.77±0.89), and a high-level need for assessment forms by government agencies ( = 3.87±0.71) and via online
platforms ( = 3.81±0.94).
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Tourist satisfaction with agricultural cafes in Kamphaeng Saen District 

Nakhon Pathom Province
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 (key word):    

This research aims to study the tourist satisfaction and service usage patterns at agro-

tourism cafés in Kamphaeng Saen District, Nakhon Pathom Province. Data were collected by

using a questionnaire from a sample of 60 participants. The results revealed that tourists had

the highest overall satisfaction in personnel, physical environment, and service process, with

average scores of 4.40, 4.35, and 4.32, respectively. Satisfaction with location, products, and

pricing was rated at a high level, with average scores of 4.15, 3.96, and 3.64, respectively.

Regarding the service usage patterns at agro-tourism cafés, most tourists visited for relaxation

(75.00%) and to strengthen family/friend relationships (21.70%). The most tourists were first-

time visitors (70.00%), while 30.00% were repeat visitors. Tourists primarily learned about

agro-tourism cafés through online social media platforms (Line/Facebook) (60.00%) and

websites (21.70%). Most tourists visited during weekends (66.67%) and public holidays

(26.67%), with a visit frequency of 1–2 times per month (78.30%).

Keyword: Satisfaction, Tourist, Agricultural café, Kamphaeng Saen District
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39.61,1.76, 5.29, 22.03, 30.87 0.44
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This study aims to investigate the use of jackfruit seed flour

as a substitute for wheat flour in the production of Thai crispy

rolls, as wheat flour is an imported ingredient containing gluten,

a known allergen, while jackfruit seeds are a locally available

ingredient with high nutritional value. The study found that the

optimal recipe for replacing wheat flour with jackfruit seed flour

includes tapioca flour, jackfruit seed flour, eggs, coconut sugar,

fresh coconut milk, and salt in the following proportions:

39.61%,1.76%,5.29%,22.03%,30.87%, and 0.44%, respectively.

In terms of temperature and time in the production process,

grilling at 150°C for 60 seconds resulted in the best-quality Thai
crispy rolls. Consumers expressed high satisfaction with the

appearance, color, aroma, taste, and texture, with an average

satisfaction rating of 4.83. This research demonstrates that

using jackfruit seed flour as substitute ingredient can enhance

the nutritional value of Thai crispy rolls and may offer a new

option for the health food industry in the future.
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Methodology

Conclusions
The tectonic model and lithospheric stress of Thailand were developed using

mathematical calculations based on the finite element method, focusing on the Thai

and neighboring plates. The results indicate that the Sumatra-Andaman Subduction

Zone has a slip rate of approximately 28–52 mm/yr, the Sagaing Fault has a slip

rate of about 10–13 mm/yr, the Sumatra Fault has a slip rate of about 5–10 mm/yr,

and the Red River Fault has a slip rate of about 2–5 mm/yr. The plate velocity in the

Thai region relative to the Eurasian Plate is approximately 7–10 mm/yr, with an

eastward movement. The lithospheric stress rate in northern Thailand is the highest,

ranging from about 1–9 kPa/yr. Stress rate in the western region is about 4–6 kPa/yr,

while in the southern region, it is about 3–5 kPa/yr. The northern region of Thailand

where it has a high stress rate can introduce more seismicity. Both the southern and

western regions experience moderate stress rates, making them areas where

earthquakes may occur occasionally.
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Abstract
Thailand is situated in a region surrounded by major plate collision zones, making it susceptible to seismic hazard. This study aims to understand the primary tectonic

systems in Thailand and surrounding areas that drive tectonic stress of Thailand region. A detailed lithospheric stress model of Thailand was developed using mathematical

calculations based on the finite element analysis method, focusing on the Thai and neighboring plates. The result from this study indicates that the Sumatra-Andaman Subduction

Zone has slip rate about 28-52 mm/yr, the Sagaing Fault has slip rate about 10-13 mm/yr, the Sumatra Fault has slip rate about 5-10 mm/yr and the Red River fault has slip rate

about 2-5 mm/yr. The fault slip rates from our study are consistent with observations of slip rates for the major fault in Southeast Asia. The resulting plate velocities from our study

also show that the plate velocities of Thailand, relative to the Eurasian Plate, are approximately 7-10 mm/yr, with a southeastward movement which is comparable to the

observations of actual measurements. The lithospheric stress rate from our study is highest in northern Thailand, about 1-9 kPa/yr. The lithospheric stress rates in the western and

southern of Thailand are 4-6 kPa/yr and 3-5 kPa/yr respectively.

For more information, please contact:
Assoc. Prof. Dr. Passakorn Pananont, Kasetsart University

E-mail : fscipkp@ku.ac.th

Methodology

Results
The entire region of Thailand

exhibits eastward motion at an

average rate of approximately

7-10 mm/yr. When compared

with the plate motion from

actual measurements provided

by Simons (2007), the model

results show a high degree of

agreement, confirming that the

plate movement in Thailand

from the modeling aligns

closely with observed data.

Plate Velocity

The areas where they have

higher stress rates can

generate more seismicity

such as the southern part

of China, Shan State in

Myanmar and the northern

Thailand.

Effective Shear Stress

The slip rates of fault from the our

study are consistent with studies

for slip rates of major faults in

Southeast Asia

Faults Dynamics

Introduction
Thailand is located in a region surrounded by major tectonic plate boundaries, where moderate to large earthquakes

occur frequently. The country is also situated near significant fault lines and a major subduction zone, which are

responsible for some of the most powerful earthquakes. Notable examples include the Sumatra Subduction Zone, the

Andaman-Nicobar Fault Zone, and major fault systems in Myanmar. As a result, Thailand faces a moderate to high risk of

seismic activity. Nearly every region of the country has experienced some degrees of seismic activities, with moderate

earthquakes occurring approximately every 10 years and smaller earthquakes happening much more frequently,

particularly in the northern, western, and southern regions (Tapponnier et al., 1982 and Charusiri et al., 2007).
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Fig.1 Micro-XRF analysis of in-house standard and geological samples

3. 

           Micro-XRF 

Table 7 Comparison of uranium and thorium concentration using Micro-XRF and ICP-MS 

1. 
 REE-2

 
 (certified reference material: CRM) 

Element Concentration (%w/w) CRM value (%w/w) % RSD
U 0.000385 0.000373 ± 0.000012 103.2

Th 0.0750 0.0737 ± 0.0014 101.8

Table 1 Concentration of uranium and thorium in REE-2 certified reference material using ICP-MS  

2.  ICP-MS 
Table 2 Concentration of U and Th in in-house standard using ICP-MS  

Code U (%w/w) Code Th (%w/w)

U-ISTD1 0.11 Th-ISTD1 0.42

U-ISTD2 0.66 Th-ISTD2 0.76

U-ISTD3 1.00 Th-ISTD3 3.17

U-ISTD4 17.91 Th-ISTD4 9.31

U-ISTD5 23.85 Th-ISTD5 15.49

U-ISTD6 33.03 Th-ISTD6 25.65

U-ISTD7 37.71 Th-ISTD7 32.05

U-ISTD8 48.56 Th-ISTD8 38.13

U-ISTD9 53.43 Th-ISTD9 41.88

3. 
     Micro-XRF

ble 7 Comparison of uranium and thorium concentration using Micro-XRF aaa ddd ICP-MS 

Fig.2  Calibration curve uranium concentration 
from in-house standard

Fig.3  Calibration curve thorium concentration 
from in-house standard

4.  
     Micro-XRF

Code U (%w/w) Th (%w/w)

Micro-XRF ICP-MS Micro-XRF ICP-MS
SAM1 46.112 ± 2.582 42.170 ± 0.031 27.449 ± 1.358 26.830 ± 0.008
SAM2 23.608 ± 1.319 23.520 ± 0.038 22.515 ± 1.719 24.470 ± 0.011
SAM3 40.591 ± 1.680 42.170 ± 0.028 9.797 ± 1.257 9.390 ± 0.112
SAM4 35.063 ± 1.470 36.400 ± 0.037 26.024 ± 1.515 25.980 ± 0.053
SAM5 34.709 ± 1.737 33.710 ± 0.015 38.516 ± 1.128 35.930 ± 0.090
SAM6 47.453 ± 1.022 48.210 ± 0.034 24.799 ± 1.241 25.000 ± 0.096
SAM7 0.141 ± 0.502 0.210 ± 0.019 22.138 ± 1.188 23.520 ± 0.012
SAM8 0.192 ± 0.505 0.320 ± 0.008 40.752 ± 1.698 41.400 ± 0.086
SAM9 0.192 ± 0.505 0.320 ± 0.023 40.622 ± 1.430 41.060 ± 0.040
SAM10 0.200 ± 0.509 0.200 ± 0.008 32.183 ± 1.077 32.050 ± 0.033
SAM11 0.250 ± 0.502 0.250 ± 0.003 30.679 ± 1.134 29.650 ± 0.025
SAM12 0.660 ± 0.501 0.660 ± 0.004 30.259 ± 1.749 29.270 ± 0.030

Paired t-test 1.226 0.138

Table 3 Comparison of uranium and thorium concentration using Micro-XRF and ICP-MS 

Table 7 Comparison of uranium and thorium concentration using Micro-XRF and ICP-MS 
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Abstract

Introduction
Herbal plants are considered an essential source of phytochemicals that possess diverse

biological potential and play a significant role in human health for disease prevention and
treatment. Piper sarmentosum Roxb. is a widely used herbal plant in Southeast Asia, including
Thailand. It has been popularly utilized in food and traditional medicine for a long time. Wild betel
leaves contain key bioactive compounds with pharmaceutical potential, such as phytochemicals,
including phenolic compounds, flavonoids, antioxidants, terpenoids, and alkaloids, which are
known to exhibit health-promoting effects and reduce the risks of various diseases, such as
antioxidant, anti-inflammatory, antimicrobial, anti-cancer, as well as anti-diabetic and
cardiovascular effects (La Rubia.M. et al.,2013; Tiwari, B. et al.,2010; Xiao, K et al., 2024; S.
Salman. et al.,2015)

The study of phytochemicals in wild betel leaves is important because these compounds
have the potential to develop new drugs and health products. Additionally, wild betel leaves play
a significant role in local nutrition and community health. This study focuses on analyzing the
chemical composition of key compounds in wild betel leaves and evaluating their biological
activity to promote the scientific utilization of natural resources and add economic value to this
medicinal plant for future development of health or pharmaceutical products.

Materials and Methods

Result and Discussion

AntioxidantFlavonoid

Dissolve the extract in
distilled water.

Phenolic

Dissolve the extract
in ethanol.

Add potassium acetate

Add aluminum chloride

Add sodium hydroxide

Measure the absorbance
at 413 nm using a UV-VIS

spectrophotometer.

Add Folin-Ciocalteu reagent.

Add distilled water.

Add sodium carbonate
(10% Na CO ).

Measure the absorbance at
771 nm using a UV-VIS
spectrophotometer.

Prepare standard ascorbic
acid solutions

Extract solutions at similar
concentrations.

Mix the solutions with DPPH
solution.

Incubate the mixture in the
dark for 30 minutes.

Measure the absorbance at
514 nm using a UV-VIS
spectrophotometer.

Compare absorbance
values to determine
antioxidant activity.

Quantitative analysis

Extract dissolved
in chloroform

Brown ring at the
interface indicates

terpenoids.

Terpenoid
Added conc.

H SO

Extract dissolved in
chloroform and shaken.

Blue/greenish-blue
solution indicates

steroids.

Steroid
Added glacial
acetic acid and
conc. H SO

Extract
dissolved in HCl

Reddish-brown
precipitate

indicates alkaloids.

Alkaloid
Filtered and mixed
with Wagner’s

reagent.

Extract dissolved
in distilled water

Dark green or blue-
black solution

indicates tannins.

Tannin

Extract dissolved in
50% ethanol

Dark yellow color
indicates coumarins.

Coumarin
Mixed with
NaOH

Reddish-pink color
indicates

anthraquinones.

Anthraquinone
Extract dissolved
in 10% H SO

Filtered and
mixed with
1% FeCl .

Cardiac Glycoside Mixed
with

1% FeCl

Brown ring at the
interface indicates
cardiac glycosides.

Filtered and
mixed with
10% NH OH.

heated
for 5 min.

heated
for 5 min.

heated
for 5 min.

Extract dissolved in
chloroform and filtered

glacial
acetic
acid

conc.
H SO

The extract was dissolved in methanol, filtered using a
0.45 m Nylon membrane, and analyzed with Gas
Chromatography-Mass Spectrometry (GC-MS) using an
Agilent 6890N instrument and 5973 Inert MS detector. The
conditions included: Initial temperature: 70–220°C at
2°C/min, Analysis time: 85 minutes, Capillary column: DB-5MS
(30 m x 0.25 mm x 0.25 m), Flow rate: 1.0 mL/min, Library:
Wiley7n.

Qualitative analysis

Table 1 Phytochemical screening of Piper sarmentosum leaves extracts

Note: (+) denotes “present” (-) denotes “absent”

Latitude: 17.396544 and
Longitude: 103.717577

Phytochemical analysis and identification of compounds
in crude extract from Piper sarmentosum Roxb. leaves.

The results show that Piper sarmentosum contains key compounds like terpenoids, steroids, alkaloids,
coumarins, tannins, and cardiac glycosides, supporting its medicinal potential. These findings align with its use
in health and pharmaceutical products (Sakilan, J. M., 2019). Other studies highlight the antioxidant and anti-
inflammatory effects of terpenoids and flavonoids, which help lower the risk of chronic diseases. Additionally,
alkaloids and coumarins support immune function and reduce oxidative stress (Wong, S. P. et al., 2006).

Quantitative analysis

Table 2 Total flavonoid, total phenolic and antioxidant activity of Piper sarmentosum leaves

Methakriat Sirival , Apiwat Saengwong , Rujikarn Sirivantharat *
Department of Chemistry, Faculty of Science, Chulalongkorn University, Bankok 10330, Thailand
Thai Traditional And Alternative Medicine Subdivision, Sakon Nakhon Provincial Public Health Office, Sakon Nakhon 47000, Thailand
Department of General Science, Faculty of Science and Engineering, Kasetsart University Chalermphrakiat Sakon Nakhon Province Campus,
Sakon Nakhon 47000, Thailand
*Corresponding author. E-mail address: rujikarn.s@ku.th
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Gas Chromatography-Mass Spectrometry (GC-MS)Analysis

This study aimed to analyze the phytochemical composition and biological activities of crude extracts from Piper sarmentosum leaves (Piper sarmentosum Roxb.) using 95%
ethanol as a solvent. The crude extract yield was 4.87%. The qualitative and quantitative analyzes revealed the following:Preliminary phytochemical tests identified key bioactive
compounds in the extract, including terpenoids, steroids, alkaloids, coumarins, tannins, and cardiac glycosides. The extract's total flavonoid content was measured at 33.70 ± 2.34
mg/g dried weight, while the total polyphenol content was 452.10 ± 1.15 mg/g dried weight. Antioxidant activity, determined by IC , was 45.07 ± 0.02 mg/L, indicating strong free
radical scavenging potential. The GC-MS analysis identified a variety of bioactive compounds, with the five most abundant being: Glutarimide, N-(2-octyl)- (22.32%),
hydrocinnamic acid (7.11%), quinazoline, 1-(decylsulfonyl)-1,2,3,4-tetrahydro-3,6-dimethyl- (5.89%), 3-aziridinopropionaldehyde carbethoxyhydrazone (5.33%) asarone (4.19%),
respectively. The ethanol extract of Piper sarmentosum leaves contains numerous significant chemical constituents with remarkable biological activities, such as antioxidant, anti-
inflammatory, antimicrobial, and anticancer properties. These findings suggest its potential applications in developing nutraceuticals and pharmaceuticals for health promotion and
chronic disease prevention.
Keywords: Phytochemical screening, Identification compounds, Piper sarmentosum Roxb., Crude Extract, Solvent extraction

Sample Prepararation

Wild betel sample
leaf collected from
PhangKhon District,

SakonNakhon Province

Dried
dried at 40°C then
ground into powder

Extracted & Shaking
using 95% ethanol by
maceration. Then

shaking the solution

concentrated
Filtered and evaporated

to obtain the crude
extract.

Qualitative analysis

The ethanol extract of Piper sarmentosum leaves contained 33.70 ± 2.34 mg/g DW of flavonoids and
452.10 ± 1.15 mg/g dried weight of phenolics, indicating strong antioxidant potential. The IC value from the
DPPH assay was 45.07 ± 0.02 mg/L, comparable to 55.25 mg/L reported by Sakilan, J. M. (2019), where a lower
IC indicates stronger antioxidant activity. These findings suggest that flavonoids and phenolics contribute
to the antioxidant capacity (Lee K. H. et al., 2011). This study supports the role of Piper sarmentosum as a rich
antioxidant source, consistent with research on the Piperaceae family’s medicinal properties (Xiao, K. et al.,
2024; Wong, S. P. et al., 2006).

The study of bioactive compounds in the
ethanol extract of Piper sarmentosum Roxb. using
GC-MS revealed different peaks, indicating the
diversity of phytochemical components, as shown
in Fig 1. The bioactive compounds were identified
by comparing the mass spectra with the Wiley7n
database, showing more than 82% similarity. The
five most abundant compounds were: Glutarimide,
N-(2-octyl)- (22.32%), hydrocinnamic acid (7.11%),
quinazoline, 1-(decylsulfonyl)-1,2,3,4-tetrahydro-
3,6-dimethyl- (5.89%), 3-
aziridinopropionaldehyde carbethoxyhydrazone
(5.33%), and Asarone (4.19%), as shown in Table 3.

Gas Chromatography-Mass Spectrometry (GC-MS)Analysis
Table 3 Phytochemical identified of ethanol extracts
from of Piper sarmentosum leaves using GC-MS

Fig. 1 GC-MS Chromatogram of Piper sarmentosum
ethanol leaf extracts.
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This study aimed to analyze the phytochemical composition and biological activities of crude extracts from Pipi er sarmentosum leaves (Pipi er sarmentosum Roxb.) using 95%
ethanol as a solvent. The crude extract yield was 4.87%. The qualitative and quantitative analyzes revealed the following:Preliminary phytochemical tests identified key bioactive
compounds in the extract, including terpenoids, steroids, alkaloids, coumarins, tannins, and cardiac glycosides. The extract's total flavonoid content was measured at 33.70 ± 2.34
mg/g dried weight, while the total polyphenol content was 452.10 ± 1.15 mg/g dried weight. Antioxidant activity, determined by IC , was 45.07 ± 0.02 mg/L, indicating strong free
radical scavenging potential. The GC-MS analysis identified a variety of bioactive compounds, with the five most abundant being: Glutarimide, N-(2-octyl)- (22.32%),
hydrocinnamic acid (7.11%), quinazoline, 1-(decylsulfonyl)-1,2,3,4-tetrahydro-3,6-dimethyl- (5.89%), 3-aziridinopropionaldehyde carbethoxyhydrazone (5.33%) asarone (4.19%),
respectively. The ethanol extract of Piper sarmentosum leaves contains numerous significant chemical constituents with remarkable biological activities, such as antioxidant, anti-
inflammatory, antimicrobial, and anticancer properties. These findings suggest its potential applications in developing nutraceuticals and pharmaceuticals for health promotion and
chronic disease prevention.
Keywords: Phytochemical screening, Identification compounds, Pipi er sarmentosum Roxb., Crude Extract, Solvent extraction

Abstract

Materials and Methods

Herbal plants are considered an essential source of phytochemicals that possess diverse
biological potential and play a significant role in human health for disease prevention and
treatment. Pipi er sarmentosum Roxb. is a widely used herbal plant in Southeast Asia, including
Thailand. It has been popularly utilized in food and traditional medicine for a long time. Wild betel
leaves contain key bioactive compounds with pharmaceutical potential, such as phytochemicals,
including phenolic compounds, flavonoids, antioxidants, terpenoids, and alkaloids, which are
known to exhibit health-promoting effects and reduce the risks of various diseases, such as
antioxidant, anti-inflammatory, antimicrobial, anti-cancer, as well as anti-diabetic and
cardiovascular effects (La Rubia.M. et al.,2013; Tiwari, B. et al.,2010; Xiao, K et al., 2024; S.
Salman. et al.,2015)

The study of phytochemicals in wild betel leaves is important because these compounds
have the potential to develop new drugs and health products. Additionally, wild betel leaves play
a significant role in local nutrition and community health. This study focuses on analyzing the
chemical composition of key compounds in wild betel leaves and evaluating their biological
activity to promote the scientific utilization of natural resources and add economic value to this
medicinal plant for future development of health or pharmaceutical products.

Introduction

QQuantitative analyysis

Gas Chromatograpphyy-Mass Sppectrometryy ((GC-MS))Analyysis

Sampple Preppararation

QQualitative analyysis

Materials and Methods

Wild betel sample
leaf collected from
PhangKhon District,

SakonNakhon Province

Dried
dried at 40°C then
ground into powder

Extracted & Shaking
using 95% ethanol by
maceration. Then

shaking the solution

concentrated
Filtered and evaporated

to obtain the crude
extract.

Latitude: 17.396544 and
Longitude: 103.717577

T id
Extract dissolved
in chloroform

Terpenoid
Added conc.

H SO

Brown ring at the
interface indicates

terpenoids.

S id
Extract dissolved in

chloroform and shaken.

Steroid
Added glacial
acetic acid and
conc. H SO

Blue/greenish-blue
solution indicates

steroids.

Alk l id
Extract

dissolved in HCl

Alkaloid
heated
for 5 min.

Filtered and mixed
with Wagner’s

reagent.

Reddish-brown
precipitate

indicates alkaloids.

C i
Extract dissolved in

50% ethanol

Coumarin
Mixed with
NaOH

Dark yellow color
indicates coumarins..

Tannin
heated
for 5 min.

Filtered and
mixed with
1% FeCl .

Extract dissolved
in distilled water

Tannin
Dark green or blue-

black solution
indicates tannins.

A h i
Extract dissolved
in 10% H SO

Anthraquinone
heated
for 5 min.

Filtered and
mixed with
10% NH OH.

Reddish-pink color
indicates

anthraquinones.

Mixed
with

1% FeCl

glacial
acetic
acid

conc.
H SO

Brown ring at the
interface indicates
cardiac glycosides.

Extract dissolved in
chloroform and filtered

Cardiac Glycoside

FlavonoidFlavonoid

Dissolve the extract in
distilled water.

Add potassium acetate

Add aluminum chloride

Add sodium hydroxide

Measure the absorbance
at 413 nm using a UV-VIS

spectrophotometer.

PhenolicPhenolic

Dissolve the extract
in ethanol.

Add distilled water.

Measure the absorbance at
771 nm using a UV-VIS
spectrophotometer.

Add Folin-Ciocalteu reagent.

Add sodium carbonate
(10% Na CO ).

AntioxidantAntioxidant

Prepare standard ascorbic
acid solutions

Extract solutions at similar
concentrations.

Incubate the mixture in the
dark for 30 minutes.

Measure the absorbance at
514 nm using a UV-VIS
spectrophotometer.

Compare absorbance
values to determine
antioxidant activity.

Mix the solutions with DPPH
solution.

The extract was dissolved in methanol, filtered using a
0.45 m Nylon membrane, and analyzed with Gas
Chromatography-Mass Spectrometry (GC-MS) using an
Agilent 6890N instrument and 5973 Inert MS detector. The
conditions included: Initial temperature: 70–220°C at
2°C/min, Analysis time: 85 minutes, Capillary column: DB-5MS
(30 m x 0.25 mm x 0.25 m), Flow rate: 1.0 mL/min, Library:
Wiley7n.

QQualitative analyysis

The results show that Pipi er sarmentosum contains key compounds like terpenoids, steroids, alkaloids,
coumarins, tannins, and cardiac glycosides, supporting its medicinal potential. These findings align with its use
in health and pharmaceutical products (Sakilan, J. M., 2019). Other studies highlight the antioxidant and anti-
inflammatory effects of terpenoids and flavonoids, which help lower the risk of chronic diseases. Additionally,
alkaloids and coumarins support immune function and reduce oxidative stress (Wong, S. P. et al., 2006).

QQuantitative analyysis

The ethanol extract of Pipi er sarmentosum leaves contained 33.70 ± 2.34 mg/g DW of flavonoids and
452.10 ± 1.15 mg/g dried weight of phenolics, indicating strong antioxidant potential. The IC value from the
DPPH assay was 45.07 ± 0.02 mg/L, comparable to 55.25 mg/L reported by Sakilan, J. M. (2019), where a lower
IC indicates stronger antioxidant activity. These findings suggest that flavonoids and phenolics contribute
to the antioxidant capacity (Lee K. H. et al., 2011). This study supports the role of Pipi er sarmentosum as a rich
antioxidant source, consistent with research on the Piperaceae family’s medicinal properties (Xiao, K. et al.,
2024; Wong, S. P. et al., 2006).

The study of bioactive compounds in the
ethanol extract of Pipi er sarmentosum Roxb. using
GC-MS revealed different peaks, indicating the
diversity of phytochemical components, as shown
in Fig 1. The bioactive compounds were identified
by comparing the mass spectra with the Wiley7n
database, showing more than 82% similarity. The
five most abundant compounds were: Glutarimide,
N-(2-octyl)- (22.32%), hydrocinnamic acid (7.11%),
quinazoline, 1-(decylsulfonyl)-1,2,3,4-tetrahydro-
3,6-dimethyl- (5.89%), 3-
aziridinopropionaldehyde carbethoxyhydrazone
(5.33%), and Asarone (4.19%), as shown in Table 3.

Gas Chromatograpphyy-Mass Sppectrometryy ((GC-MS))Analyysis

Result and Discussion

Table 2 Total flavonoid, total phenolic and antioxidant activity of Pipi er sarmentosum leaves

Table 3 Phytochemical identified of ethanol extracts
from of Pipi er sarmentosum leaves using GC-MS

Fig. 1 GC-MS Chromatogram of Pipi er sarmentosum
ethanol leaf extracts.

Table 1 Phytochemical screening of Pipi er sarmentosum leaves extracts

Note: (+) denotes “present” (-) denotes “absent”
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Abstract
            Malaria remains a global health challenge due to Plasmodium parasites transmitted by Anopheles mosquitoes. Plasmodium vivax is the most
common species in Thailand. Previous transcriptome data analysis revealed the expression of stage-specific genes, mapped to biological pathways
using Reactome. Three essential proteins calmodulin (CaM), stress-inducible protein 1 (SIS1), and ubiquitin-conjugating enzyme E2 (UBE2) were
selected based on their roles in parasite development. Four hundreds malaria box compounds were virtually screened against Plasmodium proteins
and top-scoring candidates were analyzed for their interactions. These findings provide insights into potential inhibitors for P. vivax development.

Introduction
Malaria caused by Plasmodium parasites and

transmitted by Anopheles mosquitoes remained a significant
health issue. P. vivax is the most prevalent species in Thailand.
The parasite undergoes critical development in mosquitoes,
particularly at the ookinete and oocyst stages. Transcriptomic
analysis identified highly expressed genes associated with
parasite survival. This study focused on three proteins at the
ookinete and oocyst stages :
• CaM: regulates parasite motility and maturation
• SIS1: homeostasis and assists midgut invasion
• UBE2: vesicle transport and parasite maturation

These proteins were selected as potential drug targets for 
inhibitor screening.

Figure 1. Reactome biological pathway analysis of P. falciparum revealed seven 
biological pathways of CaM protein include signal transduction, hemostasis, immune 
system, metabolism, transport of small molecules, muscle conduction and neuronal 
system as shown in pink dots and lines.

Table 1. Biological pathway analysis results and UniProt protein IDs in ookinete, oocyst 
and two-stages of Plasmodium falciparum by Reactome

II. MMV compounds binding against the Plasmodium proteins
The binding interaction of malaria box compounds with three Plasmodium
proteins with top-scoring inhibitors for each protein that  presented the lowest total
free energy G (kcal/mol) by iGEMDOCK

• CaM: MMV007384 (-96.58 kcal/mol) shown in figure 2B
• SIS1: MMV019881 (-72.07 kcal/mol) shown in figure 3B
• UBE2: MMV019780 (-85.37 kcal/mol) shown in figure 4B

Total free energy indicates stability of the binding interactions of protein-
compounds and should further evaluated for their inhibitory effects on
Plasmodium vivax development.

Pathway
Uniport ID P. falciparum

Ookinete 2 stages Oocyst

Immune system
Q8IL71 Q8IHW4 Q8I4U9 
Q8ID38 Q8ILG6 Q8I2H1 

C0H516 Q8I1S0

Q8IJJ2 Q8I0U7 Q8I4U5 C0H4M1 
A0A144A1Y0 Q8I501 Q7K6B0 Q8I3R7 

C0H4K6  A0A143ZUM0 Q8IAM2 Q8IC05 
O96153 Q8I2H3

Q8I2Q2 Q8I6T3 Q8IBI3 Q8I261 
Q8IDG3 B9ZSI6 Q8IAR3 Q8IKC9 
Q8IJW0 O77396 Q8IEQ1 Q8I5C5 
O77345 Q8IJT1 O96220 C6KST3 

C0H561 O97241 Q7K6A9
A0A144A1Y0

Hemostasis Q8IJV6 C6KT19 N/A Q8IB44 A0A143ZX23 C6KSV0 
C0H4V6 A0A144A1Y0 Q6ZLZ9

Signal
transduction 

O96212 Q8I489 O96236 
Q8I280 Q8IC08 Q8I5W0 
Q8IEP9 Q8I241 Q8IDS0 

Q8IHW4 Q8ID59 C6KT74 
Q8I3P9 Q8I2P9 Q8I2K9

Q8I0U7 Q8I4U5 Q8I3R7 Q8I239 Q8IC05 
O77312 O77315 O96153 Q8I2H3

Q8I2S6 Q8I6T3 C0H4V6 Q8IBI3 
Q8I261 Q8IDG3 Q8IAR3 Q8IKC9 
Q8IJW0 O77396 Q8IEQ1 O77345 

Q8IJT1 C6KST3 Q7K6A9 A0A144A1Y0

Objective
To identify  and analyze P. vivax proteins that expressed during 
development and evaluate their potential candidate inhibitors 
using virtual screening of malaria box compounds.

Figure 2A: CaM structure show the interaction with five 
top-scoring malaria box compounds; MMV007384 
MMV665943, MMV396594, MMV665883, MMV665902

Figure 2B: Binding interactions (dash line)
between CaM and MMV007384

Figure 3B: Binding interactions (dash line)
between SIS1 and MMV019881

Figure 3A: SIS1 structure show the interaction with five 
top-scoring malaria box compounds; MMV011832 
MMV007881, MMV396705, MMV019881, MMV403679

Figure 4A: UBE2 structure show the interaction with five 
top-scoring malaria box compounds; MMV019780 
MMV666067, MMV665917, MMV666023, MMV39663

Figure 4B: Binding interactions (dash line)
between UBE2 and MMV019780

Conclusion
• CaM, SIS1, and UBE2 play essential roles in Plasmodium vivax survival and development within the mosquito.
• Virtual screening revealed candidate inhibitor with strong binding stability to the target protein.
• Further studies, including in vitro validation are required to confirm their inhibitory effects on parasite development.
• This study identifies candidate inhibitors for novel malaria intervention strategies that  particularly for blocking transmission

Results & Discussion
I. Biological pathways
Pathway analysis identified 27 biological pathways in total but 
only seven key biological processes associated with parasite
transcriptome data including metabolism, transport of small
molecules, muscle conduction, neuronal system, immune 
system, hemostasis, and signal transduction. These results
indicated that the candidate three proteins were crucial for 
parasite survival during infection. CaM (A0A144A1Y0) was
involved in multiple pathways including signal transduction, 
immune system and hemostasis and could be found in both 
stages of parasite (Figure1). SIS1 (O96212) and UBE2
(O97241) were stage specific proteins and for parasite shown in 
table1.

Materials and Methods

Virtual Screening 
• Software: iGEMDOCK v2.1
• Compounds: 400 malaria box compounds screened against 

target proteins
• Scoring: Binding energy ( G) used to rank interactions

Protein Selection & Preparation                 
Pathway analysis of transcriptome data identified protein involved
in biological processes essential for parasite survival and
development. Three protein were selected and their structure
were obtained from AlphaFold

Biological Pathway Analysis
Transcriptomic data from ookinete and oocyst stages were 
analyzed via Reactome to identify functional targets

Visualization  
PyMOL was used to analyze interaction

PyMOL
visualization software 

Protein target

MMV compound

virtual screening

scoring binding energy

Virtual Screening of Malaria box compounds against 
Plasmodium proteins in ookinete and oocyst stages

Chiratchaya Kittapaspong, Anchanee Kubera
Department of Genetics, Faculty of Science, Kasetsart University, Bangkok, Thailand
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4 week 8 week6 week

 4    
 70   1  

 Amoxicillin  30  (NaOCl)

 0.6   15   0.3   10   
Tween-20 1-2   3   4   4 

  73.3±0.08  40±0.09 

 BA (6-Benzylaminopurine)

 0 ,  1 . 0 ,  3 . 0   5 . 0    2 , 4 - D (2,4-

Dichlorophenoxyacetic)  0, 1.0, 3.0  5.0  
 2,4-D  1.0   4, 6  8  

 0.03±0.01, 0.11±0.03  0.18±0.04  
: , , , , 

This research studied the appropriate natural sterilization technique of Robusta 

coffee leaf culture by experimenting with 4 treatments. It was found that the proper 

sterilization technique was by soaking the leaves in 70% ethanol for 1 minute, followed by 

Amoxicillin for 30 minutes, soaking in 0.6% Sodium hypochlorite for 15 minutes, and 0.3% 

Sodium hypochlorite for 10 minutes, adding 1-2 drops of Tween-20 and washed with 

Sterile water for 3 times and cultured for 4 weeks. The sterilization rate was found at 

73.3±0.08% and the survival rate was 40±0.09% then the callus induction by transferring 

sterile explants to culture medium supplemented with BA (6-Benzylaminopurine) at 0, 1.0, 

3.0, and 5.0 mg/L and BA combination with 2,4-D (2,4-Dichlorophenoxyacetic) at 0, 1.0, 

3.0 and 5.0 mg/L. The results showed that the culture medium supplemented with 2,4-D 

at 1.0 mg/L after culture for 4, 6, and 8 weeks produced callus at 0.03±0.01, 0.11±0.03 

and 0.18±0.04 g, respectively.

Keywords: Callus, Plant growth regulators, Robusta coffee, Sterilization, Tissue culture 

 
(Coffea canephora Pierre ex A. Froehner)

Effects of Cytokinin and Auxin on Callus Induction from Leaf Explants 

of Robusta coffee (Coffea canephora Pierre ex A. Froehner)
 ,  ,  *

    96000

 [ Coffea sp.]  Rubiaceae
 Coffea (Setiawan et al., 2020) 

  
  

 
 ( Avila-Victo et al., 2023) 

 (
, 2557)  95  

   

      
 ( , 2557) 

       
  

 ( , 2547) 

 
         

           

  
  , Amoxicillin  

Mancozeb 80  

Table 2 The results of sterilization and callus formation after sterile treatment after 4 weeks of culture.

  1  
  (p<0.05)  

 4   
 (  , 2560)  Table 2 

Fig. 1 Results of sterilization of Robusta coffee leaves explants after 4 weeks 

of culture.
A. Sterilization with Amoxicillin for 30 minutes, followed by 0.6% and 0.3% Sodium 

hypochlorite solution for 15 and 10 minutes, respectively.

B. Sterilization with Amoxicillin followed by Mancozeb 80% for 30 minutes, Sodium 

hypochlorite solution 0.6% and 0.3% for 15 and 10 minutes, respectively

C. Sterilization with Amoxicillin for 30 minutes, followed by 1.8% and 1.2% Sodium 

hypochlorite solution for 15 and 10 minutes, respectively.

D. Sterilization with Amoxicillin followed by Mancozeb 80% for 30 min, Sodium 

hypochlorite solution concentration 1.8% and 1.2% for 15 and 10 min, respectively.

*Mean ± SE with the different superscript in column are significantly different (p<0.05)

 BA  2,4-D

 1 
  73.3  4  

 MS  2,4-D  1.0  
  0.18±0.04   

  (Friable)  (Compact)

 

 BA  2,4-D 

Table 1  Sterilization sequence of Robusta coffee leaf explants using Amoxicillin,

Mancozeb 80% and Sodium hypochlorite at different concentrations and durations.
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 70% 1 

 Table 1 

Treatments

Sterilization Sodium hypochlorite (%)

First sterilization 

(30 min.)
Second sterilization

(30 min.)
Third sterilization

(15 min.)
Fourth sterilization

(10 min.)
1 Amoxicillin - 0.6 0.3
2 Amoxicillin Mancozeb 80% 0.6 0.3
3 Amoxicillin - 1.8 1.2
4 Amoxicillin Mancozeb 80% 1.8 1.2

 3 

Treatments

Sterilization Sodium hypochlorite (%)

Sterile rate 

(%)
Survival rate

(%)
First sterilization 

(30 min.)
Second sterilization

(30 min.)
Third sterilization

(15 min.)
Fourth sterilization

(10 min.)
1 Amoxicillin - 0.6 0.3 73.3 ± 0.08a 40 ± 0.09a

2 Amoxicillin Mancozeb 80% 0.6 0.3 73.3 ± 0.08a 13.3 ± 0.06b

3 Amoxicillin - 1.8 1.2 80 ± 0.08a 16.3 ± 0.06b

4 Amoxicillin Mancozeb 80% 1.8 1.2 83.3 ± 0.08a 6.6 ± 0.04b
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Fig. 2 Callus characteristics after cultured on 2,4-D medium at a concentration 

of 1.0 mg/L for 4, 6 and 8 weeks.



Probiotic properties and anti-aquatic pathogenic activity of non-starch polysaccharide 
degrading Bacillus velezensis newly isolated from gut of the termite Termes comis

Kittipong Chanworawita, Putsawee Tomtonga, Poramet Chugluma and Pinsurang Deevonga,*
a Department of Microbiology, Faculty of Science, Kasetsart University *Email: fsciprd@ku.ac.th

Abstract
This study aims to evaluate the probiotic properties and antimicrobial activity against aquatic animal pathogens of non-starch polysaccharide (NSP)-degrading 

bacteria isolated from guts of the termite Termes comis. After bacterial isolation and screening, the selected bacteria were molecular identified and evaluated for NSP-
degrading activity, antimicrobial ability, and probiotic properties. Among 49 bacterial isolates, the isolates Tc10, Tc19 and Tc44 were selected based on the presence of 
NSP-degrading enzymes (cellulase, pectinase and xylanase). Based on 16S rRNA gene sequence analysis, these three isolates were closely related to Paenibacillus 
lutimineralis (Tc10), Paenibacillus alvei (Tc19), and Bacillus velezensis (Tc44). Among them, only B. velezensis Tc44 could survive in gastrointestinal tract conditions of pH 
2.5 and 0.3% bile salts. It presented broad-spectrum inhibition against all five aquatic pathogenic bacteria; showed the highest antioxidant activity; and presented all NSP-
degrading enzyme activities and its harmless according to hemolytic activity, biogenic amine production, and antibiotic susceptibility. Moreover, Tc44 showed the highest 
adhesion capability to Caco-2 and HT-29 cells and also presented anti-adhesion ability against all test pathogens based on competition, inhibition, and displacement 
assays. This in vitro study provides a scientific finding of potential probiotic bacteria from the termite guts useful for feed microbiology and biotechnology.
Keywords: Probiotic, Non-starch polysaccharides, Termite gut, Bacillus, Aquatic animal pathogens

Introduction Results

Material and methods

1) Isolation and screening of non-starch polysaccharide degrading bacteria
A total of 49 Gram-positive endospore forming bacilli were isolated from the 

guts of Termes comis and they were indicated as isolates Tc01 to Tc49. The three 
bacteria (isolates Tc10, Tc19 and Tc44) with the ability to produce all three 
enzymes NSP-degrading enzymes including cellulase, pectinase and xylanase were 
used for subsequent experiments (Fig. 1). 

Fig. 1 Rate of NSP-degrading enzymes of the isolated bacteria: cellulase (A), 
pectinase (B), xylanase (C), and hydrolytic photograph (D).

2) Identification of non-starch polysaccharide degrading bacteria

3) Probiotic characteristics of non-starch polysaccharide degrading bacteria

Based on 16S rRNA gene sequence analysis, Tc10 was closely related to 
Paenibacillus lutimineralis, Tc19 was closely related to Paenibacillus alvei, and 
Tc44  was closely related to Bacillus velezensis (Tc44).

Paenibacillus lutimineralis Tc10 Paenibacillus alvei Tc19 Bacillus velezensis Tc44

Survival rate (%) in pH 2.5 and 0.3% bile saltSurvival rate (%) in pH 2.5 and 0.3% bile saltSurvival rate (%) in pH 2.5 and 0.3% bile saltrvival rate (%) in pH 2.5 and 0.3% bile sa

pH 2.5 - - 100.39 ± 2.58

0.3% Bile salt - - 70.24 ± 3.60

Rate of pathogens inhibitionRate of pathogens inhibitionRate of pathogens inhibition

Aeromonas hydrophila - - 1.40 ± 0.08

Aeromonas schubertii - - 1.22 ± 0.02

Streptococcus agalactiae - - 1.78 ± 0.17

Vibrio parahaemolyticus 1.03 ± 0.06a 1.21 ± 0.25a 2.60 ± 0.49b

Lactococcus garvieae 1.32 ± 0.16a 1.09 ± 0.03a 1.91 ± 0.03b

Relative scavenging activity (%)Relative scavenging activity (%)Relative scavenging activity (%)

Hydroxyl radical 16.67 ± 4.73a 25.00 ± 6.01a 60.61 ± 6.94b

DPPH radical 7.99 ± 2.69a 24.12 ± 3.65b 56.76 ± 2.27c

Table 1 : Probiotic characteristics of three selected isolates

5) Evaluation of safety profile4) NSP-degrading enzyme activity assay

Data are the mean ± standard deviation ; Different superscripts indicate significant difference (P < 0.05).
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Fig. 2 Incubation time profiles of NSP-degrading 
enzymes activity assay of Bacillus velezensis Tc44.

6) Assay of adhesion and anti-adhesion to human adenocarcinoma cells
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Fig. 3 Production of biogenic amines 
tested by Bacillus velezensis Tc44.

Fig. 4 Adhesion ability to human colon 
adenocarcinoma cells of B. velezensis Tc44 
and each pathogens (A - B), adhesion 
photograph (C - D), and anti-adhesion 
assay (E - G).

Safety profile of Bacillus velezensis Tc44 :
• Gamma hemolytic on Sheep blood agar
• Undetectable biogenic amines
• Sensitive to almost antibiotics, except 
erythromycin (with intermediate level)

1) Isolation and screening of non-starch polysaccharide degrading bacteria

Probiotics are live microorganisms that inhabit in animal gastrointestinal tracts 
and have important roles for improving animals and human health. Non-starch 
polysaccharides (NSPs) are polymeric carbohydrates that are difficult to degrade. 
Many plant-based raw materials containing NSP content are most commonly used as 
main ingredients in fishmeal for aquafeed production to reduce the feed costs. Due 
to the lack of NSP degrading enzymes in monogastric animals (including fish), the 
undigested NSPs can remain along the gastrointestinal tract that lead to a significant 
increase of the digestion and absorption inhibition of feed nutrients. One alternative 
way to minimize the anti-nutritive impacts of NSPs and improve their utilization is NSP 
hydrolysis by probiotics enzymes and their hydrolysis products could be prebiotics. 
The objectives of the present study were to evaluate the probiotic properties and 
antimicrobial activity against aquatic animal pathogens of NSP degrading Bacillus sp. 
newly isolated from guts of the soil-feeding higher termite Termes comis. 

Heat shock at 80oC for 30 min

Spread plate on NA 

Bacterial screening by
• Morphological characterization
• NSP degrading ability

Termes comis (Tc) 

Selection of endospore forming bacteria

2) Identification of non-starch polysaccharide degrading bacteria

• Screening of the ability to produce NSP-degrading enzymes: cellulase, pectinase and xylanase using 
point inoculation technique on NA supplemented with 1% different substrates. After incubation at 
37oC for 24 h, the rate of enzyme production were measured.

Bacterial genomic DNA extraction using the Genomic DNA Purification Kit (Thermo Scientific, USA) & 
Identification based on 16S rRNA sequence analysis

3) Probiotic characteristics of non-starch polysaccharide degrading bacteria

In summary, the present study demonstrated a knowledge of potential non-
starch polysaccharide degrading probiotic bacteria from termite guts. The potential 
strain, Bacillus velezensis Tc44 exhibited the ability to produce all three enzymes 
NSP-degrading enzymes. This strain, could tolerate pH stress and bile salts conditions, 
highest antimicrobial activity, strong antioxidant activity, high adhesion ability and 
anti-adhesion against pathogens to intestinal cells. In addition, the evaluated 
antibiotic susceptibility, hemolysis activity and biogenic amine production indicated 
safety for use. This in vitro study explores a scientific finding in microbiology for future 
research to reduce antinutritional effects of dietary NSPs in animal digestion.

6) Assay of adhesion and anti-adhesion to human adenocarcinoma cells

Added the bacterial 
suspension (1.5 x 108 cell/ml)

Intestinal cell lines were 
cultured at 37oC in 5% CO2 

• Adhesion assay

Spread on NA : 
to calculate adhesion 

ability (%)

Observation of adherence 
bacteria under scanning 

electron microscope (SEM)

Incubated for 1 h
at 37oC in 5% CO2

Lysed cells with 0.01% 
Triton-X 100 solution

Washed with PBS (pH 7.4) to 
remove non-adherence bacteria

• Anti-adhesion assay
o Competition assay (probiotic + pathogen)
o Inhibition assay (probiotic       pathogen)
o Displacement assay (pathogen      probiotic) 

10,000 X magnification

• Survival rate (%) in pH 2.5 and 0.3% bile salt

fresh 
bacterial suspension

5) Evaluation of safety profile

4) NSP-degrading enzyme activity assay

pH 2.5 0.3% bile salt

Incubation at 37oC for 3 h

Spread plate on NA 

Calculated for 
bacterial viability

• Assay of antimicrobial activity against pathogens

Swab each pathogen on TSA

Dropped the probiotic 
suspension on agar surface

Incubated at 
37oC for 24 h Calculated for 

rate of inhibition

• Assay of antioxidant activity

fresh 
bacterial suspension

o DPPH radical scavenging assay
o Hydroxyl radical scavenging assay

Calculated for antioxidant activity

• A. Antibiotic susceptibility test
• B. Hemolytic activity test
• C. Production of biogenic amine

fresh 
bacterial 

suspension Enzyme production medium 
supplemented with 1% different substrates 

Enzyme activity assay using 
DNS method: calculated 

for enzyme activity

(A) (B) (C)
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Impacts of UGT1A1*6 and *28 Polymorphisms on Irinotecan Toxicity and Efficacy

in Thai Colorectal Cancer Patients

     Irinotecan (CPT-11) is approved for treating advanced or metastatic colorectal cancer, either as monotherapy or, more frequently, as part of combination chemotherapy regimens [1]. The common

adverse effects caused by irinotecan such as diarrhea, thrombocytopenia, and neutropenia [2]. Irinotecan is metabolized by carboxylesterase (CESs)  to active form (SN-38) [3]. SN-38 acts as a
topoisomerase I inhibitor, to bind and inhibit topoisomerase I by stabilizing the cleavable complex between topoisomerase I and DNA, results in double strand DNA breaks, inhibition of DNA

replication, and apoptosis. SN-38 is transformed to glycosylated SN-38 (SN-38G), an inactive form by uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1) in the liver then undergoes biliary

excretion [3].

IIntroduction

Patient recruitment: A total of 41 metastatic colorectal cancer patients who received irinotecan-
based chemotherapy were recruited into this study from the Division of Cancer, Department of

Medicine, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Thailand. To be eligible,

patients must meet the following criteria: Histological confirm invasive colorectal cancer; Age > 18
years; ECOG status 0-2; Not previously treated with irinotecan; Hemoglobin 13 g/dl; Absolute

neutrophil 1.5 x 109 /l; Platelet count   8 x 1010 /l; AST and ALT 2.5 UNL; Total bilirubin 2

mg/dl; Creatinine < 2.0 mg/dL and exclusion criteria included pregnant, had undergone radiation

therapy within the past six weeks, or had other genetic disorders related to colorectal cancer.

Clinical data were collected from all patients, and peripheral blood samples were obtained for
DNA extraction and laboratory analysis. A total of forty-one metastatic colorectal cancer patients

receiving irinotecan-based chemotherapy were evaluated to explore the association between

genetic polymorphisms and toxicity. This study received approval from the Ethics Review

Committee on Human Research at the Faculty of Medicine, Ramathibodi Hospital, Mahidol

University, Thailand (reference no. MURA2023/472) and was conducted in accordance with the
Declaration of Helsinki. The study protocol was thoroughly explained, and informed consent was

obtained from all participants prior to enrollment.

Genotyping analysis: DNA was extracted from enrolled patients’ EDTA whole blood by using

MagNA Pure Compact (MagNA Pure, Roche, Mannheim, Germany). Then DNA concentration and

purity were assessed with NanoDrop

Roche

op 2000, and the concentration was adjusted to the
recommended level for pyrosequencing. Then genotyped total 2 SNPs of UGT1A1*6 (211G>A)
and UGT1A1*28 ((TA)6>(TA)7) by pyrosequencing (PyroMark Q24, Qiagen, Japan) analysis.

Toxicity assessment

    Toxicity was assessed at first and second cycle of treatment according to National Cancer

Institute Common Toxicity Criteria for Adverse Event (CTCAE) version 5.0. Grade 1-2 was
considered as toxicity and grade 3-4 as severe toxicity.

Efficacy assessment
     The effectiveness of chemotherapy was evaluated using the Response Evaluation Criteria in

Solid Tumors (RECIST) guideline version 1.1 [4], which categorizes outcomes as complete

response (CR), partial response (PR), stable disease (SD), or progressive disease (PD).
Additionally, the median progression-free survival (mPFS) was determined, defined as the median

duration from the initiation of chemotherapy to the recorded date of disease progression or death.

The progression-free survival (PFS) follow-up period was five years.

Statistical analysis

     Genetic polymorphisms were analyzed for compliance with Hardy–Weinberg equilibrium
(HWE). Comparisons of genetic polymorphisms, toxicity, and efficacy among different groups

were conducted using the test and Fisher's exact test. Progression-free survival (PFS) curves
were generated using the Kaplan-Meier method and analyzed with the log-rank test. All statistical

analyses were carried out using SPSS version 28.0, with statistical significance set at p < 0.002

after applying a Bonferroni correction to ensure the adjusted threshold minimized the risk of Type I
errors due to multiple testing.

Methods

Impacts of UGT1A1 polymorphisms on treatment efficacy.
     In this study, we evaluated efficacy outcomes by assessing response rates and progression-

free survival (PFS). There was no significant association in response rates observed among

UGT1A1*6 and UGT1A1*28.

Table 2 Impacts of UGT1A1 polymorphisms on response rates.

     In term of progression-free survival assessment, regarding UGT1A1 gene, the median survival

time for all 41 patients was 9.11 months (range: 6.1–12.1). Patients with the UGT1A1*6

polymorphism exhibited significantly shorter PFS compared to those with the wild type (6.2 vs
12.1 months, 95% CI = 5.8–6.7, p < 0.002) (Fig. 1a). In intermediate and poor metabolizers, PFS

is shorter compared to extensive metabolizers, but this difference is not significant after applying

Bonferroni correction (p = 0.018). The median survival time was 13.4, 7.7, and 6.1 months for

extensive, intermediate, and poor metabolizer respectively (Fig. 1b).

Fig.1 Kaplan–Meier curve of PFS classified by (a) UGT1A1*6, and (b) UGT1A1 phenotype.

Results

     This study aims to investigate the effects of UGT1A1*6 and UGT1A1*28 polymorphisms on

neutropenia and treatment efficacy in Thai colorectal cancer patients undergoing irinotecan
therapy. Our results showed, there is a significant association between irinotecan-induced

neutropenia and both UGT1A1*6 and UGT1A1 phenotypes. Moreover, UGT1A1*6 is associated

with an increased risk of all-grade neutropenia (p < 0.001) and severe neutropenia across cycles

(p < 0.001 and p < 0.002). However, there was no significant link was found between UGT1A1*28

and either toxicity or treatment effects after Bonferroni correction.

     UGT1A1*28 and UGT1A1*6 are linked to reduced UGT1A1 enzymatic activity [5], resulting in
the accumulation of SN-38. This accumulation increases the risk of adverse reactions and

influences therapeutic outcomes in patients with advanced colorectal cancer receiving irinotecan-

based chemotherapy [6]. Numerous studies have explored the association between the

UGT1A1*28 polymorphism and irinotecan-induced toxicity [7, 8]. Our study found that

UGT1A1*28 was associated with all-grade neutropenia in the first cycle, but this was not
significant after Bonferroni correction. In contrast, UGT1A1*6 remained significantly linked to all-

grade neutropenia in the first cycle and severe neutropenia in both cycles. Similarly, Atasilp et al.

[9]. Moreover, our study found that the UGT1A1 phenotype maintained a significant association

with all-grade neutropenia in the first cycle and severe neutropenia in the second cycle after
applying the Bonferroni correction.

     In term of efficacy, we found no significant correlation between treatment response to

irinotecan-based chemotherapy and the UGT1A1*28 or UGT1A1*6 polymorphisms. Previous

observational research investigating the influence of UGT1A1*6 and *28 on clinical efficacy has

inconsistent findings. For PFS, study from Yu et al., reported that the UGT1A1*28 polymorphism
was associated with worse progression-free survival and overall survival compared to the wild

type genotype [10]. Recent research demonstrated that neither UGT1A1*6 nor UGT1A1*28

influenced treatment efficacy or progression-free survival in metastatic colorectal cancer [11].

Han et al. reported reduced tumor response and shorter PFS in Korean patients with UGT1A1*6/*6

[12] . Consistent with our results, we observed that UGT1A1*6 polymorphism was associated with
shorter PFS (p < 0.002).

In conclusion, UGT1A1*6 and UGT1A1 phenotypes are significant association between

irinotecan-induced neutropenia moreover UGT1A1*6 showed a strong correlation with

progression-free survival in terms of clinical efficacy. UGT1A1*6 and the UGT1A1 phenotype are

likely key predictors of irinotecan-induced neutropenia in Thai colorectal cancer patients.

Discussionss andd Conclusions

Clinical characteristics
A total of 41 metastatic colorectal cancer patients who were receiving irinotecan-based

chemotherapy were enrolled for analysis. The average age was 59.3±9.4 years, with 73.2% males
and 26.8% females. Most patients’ ECOG performance status was zero (65.9%). The most
common disease site was rectum (46.3%), and the site of metastases was the liver and lung

(39.0%). Most patients received combination regimens for FOLFIRI (43.9%) and modified FOLFIRI

(36.6%) as second-line treatment (68.3%).

Impacts of UGT1A1 polymorphisms on irinotecan-induced neutropenia.
     Results show the UGT1A1*6 was significantly associated with both all-grade and severe
neutropenia in the first cycle (p < 0.001) and severe neutropenia in the second cycle (p < 0.002).  

The UGT1A1 phenotype, including intermediate and poor metabolizers, was linked to a higher

incidence of all-grade neutropenia during the first cycle (p < 0.001) and severe neutropenia

during the second cycle (p < 0.001).

Table 1 Impacts of UGT1A1 polymorphisms on irinotecan-induced neutropenia in the first and
second cycle.

Results
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Correlations Of Inherited Aortopathy

Pawares Chitayanan¹*, Nareenart Iemwimangsa², Sommon Klumsathian², Natchaya Vanwong¹, Objoon Trachoo³
¹Faculty of Allied Health Sciences, Department of Clinical Biochemistry, Chulalongkorn University, Bangkok, Thailand, 
²Faculty of Medicine Ramathibodi Hospital, Center for Medical Genomics, Mahidol University, Bangkok, Thailand, 
³Faculty of Medicine Ramathibodi Hospital, Department of Medicine, Mahidol University, Bangkok, Thailand,
* E-mail: Pawares_best@hotmail.com

Aortopathy is characterized by structural abnormalities of the aorta, a spectrum of conditions ranging from 
aortic dilation to aneurysm formation and dissection(1). In younger patients who present with detected 
aortic abnormalities, there is often a correlation with genetic factors, suggesting a genetic component to 
the disease. Genetic factors play a pivotal role in the development and progression of aortopathy. Various 
genetic syndromes, including Marfan syndrome, Ehlers-Danlos syndrome, Loeys-Dietz syndrome, and 
familial thoracic aortic aneurysm and dissection (TAAD), have been implicated in predisposing individuals to 
aortic pathology.

Objective
This study aimed to investigate the genomic etiology 
of aortopathy in individuals under 60 years old and to 
discern genotype-phenotype correlations associated 
with this condition.

Materials and methods
31 Patients presenting with aortic root dilatation or 
aortic dissection, referred to a clinical genetics service 
for evaluation, underwent whole-exome sequencing. 
DNA sequencing was performed using NovaSeq 6000 
(Illumina, San Diego, CA, USA) and uniquely aligned to 
the Genome Reference Consortium Human Build 37 
(GRCh37) with GATK version v3.8. Candidate variants 
of genes were identified based on a minor allele 
frequency (MAF) 0.05, gnomAD Exomes Variant 
Frequencies 2.0.1, East Asian (EAS) population data 
from the 1000 Genomes Project phase III, and in-
house data base Thai exome database of Center for 
Medical Genomics, Faculty of Medicine Ramathibodi 
Hospital. Variant classification was based on the 
American College of Medical Genetics and Genomics 
and the Association for Molecular Pathology were 
considered for this study. all variants in the panel 
were performed using Sanger sequencing, Categorical 
variables were reported as numbers and percentages. 
Comparisons between groups were performed by chi-
square test when p < 0.05, which was accepted as 
statistically significant. Statistical analysis was 
computed with the SPSS Statistical package (version 
29.0 software; IBM).

Result
Genomic variants associated with aortopathy were 
identified in 26 cases (83.87%), with 16 pathogenic 
(51.60%), 7 likely pathogenic variants (22.60%), and 
variants of uncertain (VUS) (9.70%). Additionally, 
there were Five patients presented with significant 
echocardiogram findings, but the genomic variant was 
negative

Discussion and Conclusions
Our results showed that the null variant 
(pathogenic/likely pathogenic) had more severe 
aortic phenotypes and lens subluxation than 
those with missense variants. with significant 
thereby corroborating the results of previous 
studies(2). Therefore, patients harboring a null 
variant of FBN1 with these genetic risk factors 
should be monitored carefully for aortic root 
dissection and lens subluxation progression. 
This study sheds light on the genomic 
underpinnings of inherited aortopathy and 
underscores the complexity of genotype-
phenotype relationships in this condition. This 
data constitutes a pivotal factor for the 
development of precise management and the 
provision of genetic counseling to patients and 
their families. Furthermore, there is a necessity 
for national level backing to educate additional 
personnel interested in engaging in genetic 
centers and to enhance awareness among 
other medical professional regarding the 
genetic referral process for such conditions.
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FBN1 variants linked to Marfan syndrome were 
most prevalent (61.29%) in this study, with null 
variants significant for severity, e.g., early-onset 
aortic root replacement surgery and the presence 
of lens subluxation (p = 0.024 and p = 0.001***, 
respectively), while scoliosis > 20° displayed no 
statistical significance. However, no genotype-
phenotype correlation was found between types 
of FBN1 variants and systemic manifestations as 
per the Revised Ghent Nosology Criteria. Other 
contributing genes characterized in this study 
included ACTA2, COL3A1, DCHS1, FBN2, TNXB
and TGFBR1 (Figure1).

Figure1 Genomic findings in aortopathy
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In-Silico Prediction of Altered N-Linked Glycosylation Sites: Minimal Impact on B-Cell 
and T-Cell Epitopes in Leptospiral Immunoglobulin-Like Protein A Vaccine Candidate
Rampapat Phaetthayanana,b,c, Teerasit Techawiwattanaboonb,c, Kanitha Patarakulb,c,*
aMedical Microbiology, Interdisciplinary Program, Graduate School, Chulalongkorn University Bangkok 10330, Thailand
bDepartment of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand
cChula Vaccine Research Center (Chula VRC), Center of Excellence in Vaccine Research and Development , Chulalongkorn University, Bangkok 10330, Thailand

*Corresponding author. E-mail address: Kanitha.pa@chula.ac.th

Leptospirosis is the most common and potentially fatal zoonotic disease with a worldwide distribution, mainly in tropical regions. The development of effective 
vaccines for leptospirosis remains a global challenge. mRNA vaccines have emerged as a promising vaccine platform against infectious diseases. In our previous 

study, the protein products of LigAc mRNA constructs were shown to be glycosylated in vitro, which might impair the immunogenicity of the vaccine antigen. In this
study, we aimed to design a new LigAc mRNA construct with reduced glycosylation sites. Bioinformatics predictions were employed to design a new construct and 
assess the potential epitopes of the vaccine antigen. A glutamine residue substituted the asparagine residue in N-X-S/T motifs to reduce N-linked glycosites while 
preserving the native protein conformation. Bioinformatics predictions indicated that the modified LigAc construct maintains most B-cell and T-cell epitopes present 
in the native LigAc construct. Our results indicate that the alteration of N-linked glycosylation sites has a minor effect on the essential epitopes of the LigAc vaccine, 

suggesting that the modified construct should induce strong humoral and cellular immune responses. Further in vitro and in vivo investigations are required to 

determine the vaccine efficacy of the new LigAc construct.
Keywords: In silico prediction, Leptospirosis, N-linked glycosylation, B-cell and T-cell epitopes

Abstract

Leptospirosis is the most widespread and potentially fatal zoonotic

disease caused by pathogenic Leptospira. However, no universal vaccine
against leptospirosis is available for human use. Among subunit vaccines, the
C-terminal LigA protein (LigAc) is one of the most promising vaccine
candidates (Haake & Matsunaga, 2020; Koizumi & Watanabe, 2004),
conferring 50-100% protection in animal models. However, recombinant
protein vaccines have limitations, including the requirement of an adjuvant or

a high antigen dose to achieve sufficient protection.
After demonstrating safety and potency against the COVID-19

pandemic (Zhang et al., 2019), mRNA-based vaccines are considered a
promising vaccine platform against infectious diseases. In our previous study,
the LigAc-mRNA vaccine was shown to express the protein with glycosylation

(Leekitcharoenphon et al., 2024), which may affect its immunogenicity and
protective efficacy.

In this study, we aimed to design a new LigAc mRNA construct with
modifications at predicted N-linked glycosites to reduce glycosylation.
The potential B-cell and T-cell epitopes of the novel mRNA construct were

analyzed and compared with the native LigAc construct using bioinformatics
tools.

Introduction

Materials and methods

Results and discussions

o Contains 16 Asn-Xaa-Ser/Thr motifs.
o 12 out of 16 sites passed the cutoff threshold for glycosylation potential. 

o Asparagine (N) residues in N-X-S/T motifs were substituted with glutamine 
(Q) residues, which can preserve its native conformation.

o Native LigAc and modified LigAc structures had high quality (Fig. 1C-D). 
o Both constructs showed very similar structures (Fig. 1E).

Prediction of N-linked glycosylation sites in the LigAc sequence 

Protein structure prediction

o The linear B-cell epitopes showed similar patterns.
o The conformational B-cell epitopes were located in the same positions, 

and two epitopes were identical in both LigAc proteins. 
o the modified LigAc protein retains most of the B-cell epitopes present 

in the nLigAc protein.

Prediction of linear and conformational (discontinuous) B-cell epitopes of 
native and modified LigAc

Prediction of T-cell epitopes of native and Q-substituted LigAc
o 19 out of 20 predicted CTL epitopes in native LigAc were found in the 

modified LigAc sequences (Fig. 2).

o The potential HTL epitopes were preserved in the modified LigAc (Fig. 3).

o Modification of glycosylation sites caused minimal changes in epitopes.

Bioinformatics tools were applied to modify N-linked glycosylation 
sites of the LigAc mRNA construct via substitution of asparagine with 

glutamine in the N-X-S/T motifs, resulting in minor changes in the B-cell and 
T-cell epitopes of LigAc. The new sequence design should induce both 
humoral and cellular immune responses when used as a vaccine antigen 
due to containing essential epitopes necessary for immunogenicity. 
However, further investigation is required to prove the efficacy of the 

modified LigAc vaccine.

Conclusion

Fig. 2 The predicted Cytotoxic T-cell epitopes in LigAc proteins. Yellow marks represent the 
predicted epitopes, while the orange marks represent the N-liked glycosites and altered sites. 

Fig. 3 The predicted Helper T-cell epitopes in LigAc proteins. Yellow marks represent the predicted 
epitopes, while the orange marks represent the N-liked glycosites and altered sites. The red text 

represents the core of each HTL epitope.

Presenter e-mail: nena-3211@Hotmail.com

Fig.1 Prediction, validation, and comparison of three-dimensional (3D) protein structures of native nLigAc
(A) and modified LigAc (qLigAc) (B). The Ramachandran plot of the nLigAc structure (C) and qLigAc

structure (D) was created using the PROCHECK server. Alignment of nLigAc (green) and qLigAc (red) 
structures (E) was performed using the TM-align tool. 
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Comparative Analysis of Antibacterial Properties in Thai Medicinal Herbs Using Water and Ethanol Extracts
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aAnglo Singapore International School, Bangkok, 10260, Thailand

Abstract
This study compares the antimicrobial properties of Curcuma longa L., Andrographis paniculata, Zingiber
officinale Roscoe, Ocimum basilicum L., and Azadirachta indica A. extracts in water and ethanol as solvents,

focusing on their ability to suppress Escherichia coli growth. Crude compounds were extracted using water and

95% ethanol. Antimicrobial activities were tested using the disk diffusion method against E. coli. The ethanol

extract of Zingiber officinale Roscoe (ginger) had the highest dry weight yield (33.1%), while the ethanol extract

of ginger and the water extract of Andrographis paniculata (kariyat) showed the greatest bacterial inhibition

zones at 13 mm and 14 mm, respectively. In contrast, turmeric and sweet basil showed smaller zones of 10–12

mm. For comparison, Norfloxacin (400 mg) achieved inhibition zones of 16 mm and 11 mm. With the increasing

prevalence of multidrug-resistant bacteria, herbal antibiotics offer a cost-effective, sustainable, and low-risk

alternative to synthetic antibiotics. This study demonstrates the potential of common household herbs to enhance

antibiotic efficacy, presenting a promising direction for addressing antibiotic resistance in modern medicine.

Keywords: Antibiotic resistance, Antimicrobial properties, Escherichia coli, Herbal antibiotics

Pathogenic Escherichia coli strains pose serious health risks, causing severe infections such as
diarrhea, urinary tract infections, and hemolytic uremic syndrome. A major concern is the

prevalence of antimicrobial resistance (AMR) among these bacteria, driven by the misuse of
antibiotics, poor hygiene, and the global spread of multidrug-resistant (MDR) pathogens. Without

effective interventions, AMR could lead to millions of deaths annually, placing immense pressure on

healthcare systems worldwide. To combat this crisis, a multifaceted approach is needed, including

stricter infection control measures, antibiotic stewardship programs, public health education, and

the development of alternative treatment strategies to reduce dependence on conventional

antibiotics.

Plant-based treatments have emerged as promising alternatives or complements to conventional

antibiotics, offering antibacterial properties through bioactive compounds. Herbs such as turmeric,

kariyat, ginger, sweet basil, and Siamese neem have demonstrated antimicrobial efficacy, targeting
bacterial cell membranes, inhibiting enzyme activity, and reducing bacterial viability. These natural

compounds not only help combat AMR but also support eco-friendly and sustainable healthcare

practices. However, the effectiveness of plant extracts varies depending on factors such as solvent

type, concentration, and bacterial strain. While ethanol and water extractions are commonly used,

their comparative antibacterial potency remains unclear.

Antimicrobial Resistance in Escherichia coli Plant-Based Alternatives for Combating E. coli

This study aims to evaluate the antibacterial activity of these five herbs against E. coli, comparing

water and ethanol extracts using the disk diffusion method to identify the most effective extraction

approach. This study utilized leaves (Fig. 1) from Andrographis paniculata (kariyat), Ocimum
basilicum L. (sweet basil), and Azadirachta indica A. (Siamese neem tree), and roots from Curcuma
longa L. (turmeric) and Zingiber officinale Roscoe (ginger), selected for their bioactive compounds.
Extraction was performed using 95% ethanol and distilled water. Additional materials included

Norfloxacin (400 mg) as a reference antibiotic, sterilized nutrient agar, and nutrient broth for

antimicrobial testing against Escherichia coli.

Table 1: Yield and Characteristics of Herbal Extracts Table 2: Antimicrobial Activity of Herbal Extracts

No. Herb Samples Solvent Color of Sample (Fig. 4) Appearance % Yield

1 Turmeric Ethanol Brownish Orange Condensed 17.1

Water Dark Orange Condensed 12.2

2 Kariyat Ethanol Dark Green Pulpy 9.8

Water Dark Green Pulpy 14.5

3 Ginger Ethanol Light Yellow Fluid 33.1

Water Colourless Fluid 25.8

4 Sweet Basil Ethanol Greenish Brown Fluid 10.5

Water Dark Green Pulpy 10.3

5 Siamese Neem Ethanol Dark Green Clear Pulpy 9.7

Water Light Green Pulpy 15.6

No. Herb Samples Solvent Diameter of Inhibition Zone (mm)

1st trial 2nd trial 3rd trial Average

1 Turmeric Ethanol +++ +++ +++ +++

Water ++ ++ ++ ++

2 Kariyat Ethanol ++++ ++++ ++++ ++++

Water +++ +++ +++ +++

3 Ginger Ethanol ++++ ++++ ++++ ++++

Water +++ ++ +++ +++

4 Sweet Basil Ethanol ++ +++ +++ +++

Water - - - -

5 Siamese Neem Ethanol ++ +++ +++ +++

Water - + + +

6 Norfloxacin 400mg Ethanol +++++ +++++ +++++ +++++

Water +++ ++ +++ +++

Zone of inhibition key: 

- = No inhibition + = 6 mm (Highly Resistant) 

++ = 7–9 mm (Resistant) +++ = 10–12 mm (Intermediate); 

++++ = 13–15 mm (Sensitive) +++++ > 15 mm (Highly Sensitive)

The herbs tested exhibited varying antibacterial activity, with ginger and kariyat showing the highest

effectiveness, especially in ethanol extracts. Sweet basil, turmeric, and Siamese neem demonstrated
moderate activity. These variations are likely due to differences in phytochemical composition, such

as alkaloids in ginger and kariyat. Ethanol extraction consistently produced larger inhibition zones

across all herbs, reinforcing its superior ability to dissolve a broad range of bioactive compounds

compared to water. While water is safer and easier to handle, its high polarity limits its ability to

extract certain antimicrobial compounds, leading to lower efficacy

Conclusion

Turmeric, kariyat, Siamese neem, ginger, and sweet basil extracts exhibited varying antibacterial

activity, with ginger and kariyat ethanol extracts showing the highest inhibition, close to that of

Norfloxacin. Sweet basil water extract showed no antibacterial effects. These findings highlight

medicinal plants as sustainable, cost-effective alternatives to synthetic antibiotics, with diverse

bioactive compounds that can help combat antimicrobial resistance. Future research should

explore plant-based antibiotics further, given their potential to complement synthetic treatments and

enhance antibacterial effectiveness.

Fig.1: Azadirachta indica A. crushed using mortal and pestle prepared for extraction.

Fig.2: Crushed herbs and Norfloxacin using mortar and pestle Fig.3: Filtration

Herbs were harvested, washed, crushed into a paste, and sun-dried for one day (Fig. 2). For water extraction, 10 g of dried herbs were heated in 20 mL of distilled water for 15 minutes and filtered. Ethanol

extraction involved soaking 20 g of dried herbs in 95% ethanol (1:2 ratio) for five days with periodic agitation, followed by filtration and residue pressing (Fig. 3). Extraction yield was calculated using the

standard formula. The color of the extracts was observed for characterization (Table 1). The antimicrobial activity of herb extracts was assessed using the disk diffusion method. A 0.1 mL E. coli suspension

was spread on agar plates, and extract-impregnated antibiotic discs were placed using sterile forceps. Plates were incubated at 37°C for 18 hours, and inhibition zones were measured with a vernier
caliper. Experiments were repeated for reliability, and results were tabulated for analysis (Table 2).

Materials & Methods

Fig.4 Ethanol extracts of Siamese Neem, Kariyat, Turmeric, Sweet Basil, 
and Gingger (from left to right)   

Fig.5 Inhibition zone of water (left) and 
ethanol (right) of ginger

Key Findings

Corresponding Author: Thanatip Vasamon (Anglo Singapore International School), Email: jathanatip95@gmail.com
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     The research paper aims to study design and build an automatics green oak 

lettuce models using the Node MCU ESP8226 board. The researchers studied and 

analyzed various command programs to control the device and to control the 

operation of the automatic’s green oak lettuce model. Then, a series of tests 

consisted of part 1. The microcontroller command set that controls the humidity 

sensor in the soil to activate the mist pump. Part 2 is an alert through the Blynk 

application. Upon receiving the instructions, the researchers designed an 

automatics green oak lettuce model with a width of 90 cm., a length of 125 cm., 

and a height of 175 cm. with a green oak lettuce spacing of 20 cm.  The results 

shown that 1) When there is less than 50% soil moisture, the microcontroller 

command set can control the mist pump and operate the mist spray head and will 

stop working when the soil moisture is more than 50% or more. 2) The IoT system's 

operation shows moisture content in soil and can operate all 8 spray points 

through the Blynk application on the smartphone to control the opening and 

closing of the spray head with the NO-OFF switch. Therefore, in an automated 

green oak salad growing model, it works perfectly and continuously according to 

the conditions.
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Figure 1 Methane emission from wastewater treatment of studied industrial types.





Effect of bio-packaging on the quality of table grapes
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The research aims to investigate the effect of bio-packaging on the quality of table grapes, specifically using a paper tray with a bioplastic lid (PBS/PLA). The study 

compares this packaging with three commercial packaging types: zip-lock plastic bags with holes, plastic boxes with holes, and plastic-coated paper trays with plastic 

lids. After storing, table grapes with an average weight of 200 grams/bag or tray were kept in a temperature-controlled cabinet at 10°C, relative humidity at 94.0% for 15 

days. The results showed that grapes stored in paper trays with bioplastic lids exhibited lower weight loss, firmness, and titratable acidity but higher total soluble solid 

content and pH compared to those stored in the three commercial packaging types. Moreover, the lowest grape spoilage rate (5.84%) was observed on day 6.

Compared to the other three commercial packaging types, grape quality tends to decrease. Paper trays with bioplastic lids provided the best quality table grapes. 

The shelf life should not exceed 6 days, which was the most suitable grape storage time.

Keywords: Bio-packaging, Commercial packaging, Table grapes
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Table 2 Appearance of table grapes from the different packaging treatments after 15 days 

of cool storage at 10 °C and 94.0%RH
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 PBS/PLA         

  Table 1
Table 1 Mechanical and physical properties of packaging materials
PBS/PLA (80/20) Value Paper coating Value

Tensile strength (kgF/cm2) MD=381.48, CD= 312.43 Air permeability ( m/Pa.s) 0.20

Elongation at break (%) MD=191.00, CD= 2.02 Puncture (J) 0.057

Young’s modulus (MPa) MD=1884.58, CD= 1959.60 Moisture content (%) 4.58

static friction (N) 0.364 Brightness (%) 25.9

kinetic friction (N) 0.343 Opacity (%) 99.3

Roughness ( m) 0.82 Water contact angle (°) 103.3

Color L*=90.80 a*=-0.76 b*=-4.73

Thickness (mm) 0.08

Oxygen transmission rate (OTR) (cm3/m2/day) 92.8

Water vapor transmission rate (WVTR) (g/m2/day) 42.0

Water contact angle (°) 81.84

Fig. 1 Physiological loss in weight (a), firmness (b), total soluble solid content (TSS) (c), pH (d), 

titratable acidity (TA) (e) and decay (f) of table grapes in different packages
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The research aims to investigate the physical and mechanical properties of Polylactic acid (PLA) bio-packaging mixed with spent coffee grounds. Pre-treatment spent 

coffee grounds to a size of 100 micrometers, boiled with 95% ethanol, then dried at 90°C for 1 hour until completely dry. Plastic pellets were mixed with spent coffee 

grounds using a plastic pellet mixer. Barrel temperature range 190-215°C, spent coffee grounds content 0, 3, 5, 7, 9, 11 and 13% (P0-P6). Then, the workpiece was molded 

using a plastic injection molding machine. It was found that the tensile strength at break decreased when the amount of spent coffee grounds was increased.           

The percentage of elongation of the test piece tends to be constant in formulas P1-P3. As for the workpieces absorbed water over a period of 14 weeks, and their water 

absorption tended to increase as the amount of spent coffee grounds increased. Formulas P4-P6 have a high Young's modulus, but it was difficult to shape the workpieces. 

Formula P3 was easy to injection molding and the spent coffee grounds melt completely with the plastic. Then the packaging molding, it was found that the P3 formula 

was able to injection molding the packaging more completely than all formulas.

Keywords: Packaging, Plastic pellet, Spent coffee grounds
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PLA composites Modulus [GPa] Hardness (HSD)
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P3 1.52bc 79.976bc
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a-e Difference letter in the same column indicates a significant difference among the samples (p<0.05) 
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Physical properties of freeze-dried mangosteen
(Garcinia mangostana L.) pulp sorbet

Chanakan Sappayasan*, Worakrit Worananthakij, Natthaporn Chotigavin, Prompiriya Yorsang,
Soraya Kerdpiboon, Suriyan Supapvanich

School of Food Industry, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
*Email: 66086007@kmitl.ac.th

Sample Moisture
content (%db) aw

Density (g/mm³)

Before freeze
drying

After freeze
drying

MGT 5.62±0.18 0.23±0.02 0.89±0.03 0.17±0.02

EW 5.23±0.15 0.20±0.02 0.65±0.24 0.16±0.16

Table 1 Moisture content, aw and density of mangosteen pulp sorbet

Table 2 Color of the freeze-dried mangosteen pulp sorbet

Fig. 2 Hardness (a), fracturability (b), and crispness (c) of freeze-
dried mangosteen pulp sorbet obtained with non-egg white
(MGT) and egg white (EW )
a,b Means ± standard deviation (n = 15) are presented, with different superscripts indicating
significant differences (p 0.05) in the same column.
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Results and Discussion

Materials and Methods

filtration
(40mesh)

mix with salt

churn ice cream

molding with
1.5 × 1.5 × 1 cm. molds

freezing at -18 C

a,b The means ± standard deviation of 5 pieces with 2 replicates are presented, with
different superscripts indicating significant differences (p 0.05) in the same column.
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The taste and flavor of mangosteen fruit are distinct. It is a fruit that is in season and causes a large amount of
overstock. Mangosteen can be developed into freeze-dried mangosteen pulp sorbet. This study aimed to improve the
qualities of freeze-dried mangosteen pulp sorbet using egg white powder (EW). Freeze-dried mangosteen pulp sorbet
with 3.8% EW was produced compared to sorbet without EW (MGT). It was found that the MGT sorbet had higher
moisture content, aw, and density than EW sorbet (p 0.05). However, EW sorbet had lower hardness than MGT
sorbet and this could be because EW induced a pore structure to retain air. Moreover, EW sorbet was lighter and
greener than that of MGT sorbet, while MGT sorbet was redder than EW sorbt. Therefore, the physical characteristics
of the freeze-dried mangosteen sorbet are improved by the addition of EW.

Keywords: Egg white, Freeze-drying, Mangosteen, Physical properties, Sorbet

Introduction

Sample L* a* b*

MGT 71.82±0.10 1.54±0.21 15.23±1.26

EW 77.14±0.13 -0.88±0.62 14.96±0.46
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Fig. 1 Freeze dried mangosteen pulp ice cream, MGT (left) and
mangosteen pulp ice cream with egg white, EW (right).

MGT EW

a,bMeans ± Standard deviation of 5 pieces x 2 replicates were presented with different
superscripts are significantly different (p<0.05) in the same column. ns superscript was
presented with not different superscripts are significantly different (p>0.05) in the same
column.

Value added products

Maintain nutrients

Improve the texture like the snack

Freeze-dried sorbet

“To study in the physical properties of freeze-dried
mangosteen pulp sorbet affected by egg white.”

Objective

Egg white affected moisture content, water activity, color, density and texture of freeze-dried mangosteen pulp
sorbet (p<0.05).
Egg white increased air-holding capacity by creating small air pockets in the sorbet foam and helped reduce moisture
content and aw of the freeze-dried sorbet. Moreover, EW could improve the texture of the freeze-dried sorbet.
Further studies could explore the structure and nutritional value of freeze-dried mangosteen sorbet.
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ngosteen fruit are distinct. It is a fruit that is in season and causes a large amount of
overstock. Mangosteen can be developed into freeze-dried mangosteen pulp sorbet. This study aimed to improve the
qualities of freeze-dried mangosteen pulp sorbet using egg white powder (EW). Freeze-dried mangosteen pulp sorbet
with 3.8% EW was produced compared to sorbet without EW (MGT). It was found that the MGT sorbet had higher
moisture content, aw, and density than EW sorbet (p(( 0.05). However, EW sorbet had lower hardness than MGT
sorbet and this could be because EW induced a pore structure to retain air. Moreover, EW sorbet was lighter and
greener than that of MGT sorbet, while MGT sorbet was redder than EW sorbt. Therefore, the physical characteristics
of the freeze-dried mangosteen sorbet are improved by the addition of EW.
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Fig. 1 Freeze dried mangosteen pulp ice cream, MGT (leftff ) and
mangosteen pulp ice cream with egg white, EW (right).

MGT EW

a,bMeans ± Standard deviation of 5 pieces x 2 replicates were presented with diffff erent
superscripts are significantly diffff erent (p<0.05) in the same column. ns superscript was
presented with not diffff erent superscripts are significantly diffff erent (p>0.05) in the same
column.
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Table 2 Color of the freeze-dried mangosteen pulp sorbet

Sample L* a* b*

Fig. 2 Hardness (a), fracturability (b), and crispness (c) of freeze-
dried mangosteen pulp sorbet obtained with non-egg white
(MGT)T and egg white (EW )
a,b Means ± standard deviation (n = 15) are presented, with diffff erent superscripts indicating
significant diffff erences (p 0.05) in the same column.
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Egg white increased air holding capacity by creating small air pockets in the sorbet foam and helped reduce moisture
content and aw of the freeze-dried sorbet. Moreover, EW could improve the texture of the freeze-dried sorbet.
Further studies could explore the structure and nutritional value of freeze-dried mangosteen sorbet.
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Biological activities of Dendrobium crumenatum Sw. at various harvesting ages
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Abstract
This research aimed to investigate the effects of harvesting age on the 

bioactivity of Dendrobium crumenatum Sw. Extracts were prepared from the leaves 
and stems of plants harvested at various ages ranging from 0.5 to 5 years. The 
antioxidant potential of these extracts was measured using superoxide, nitric oxide
and ferric reducing antioxidant power (FRAP) assays. Additionally, the inhibitory 
effects on -glucosidase and -amylase enzymes were determined. The results 
showed that leaf extracts had higher antioxidant activity than stem extracts. The 
three-year-old leaf extracts exhibited strong antioxidant activity in the superoxide 
and nitric oxide assays, with IC5 0 values of 0 . 34±0 . 0 4  and 9 . 09±0 . 7 9  mg/ml, 
respectively. This was consistent with the FRAP assay, where the three-year-old stem 
and leaf extracts demonstrated the highest FRAP values of 7 0 9 . 52±8 . 6 6  and 
6 0 3 . 69±7 . 2 3  molFe(II)/g, respectively. The extracts also showed good inhibitory 
effects on both -glucosidase and -amylase enzymes. Results indicated the 
percentage of yield and bioactivity of extracts from leaves and stems of D. 
crumenatum Sw. varied significantly based on the plant's age.

 
0.5-5 Superoxide, Nitric oxide  FRAP

-glucosidase  -amylase 
  3 

 Superoxide  Nitric oxide   IC50  0.34 0.04
 9.09 0.79 mg/ml FRAP

 3   FRAP value   709.52 8.66
 603.69 7.23 molFe(II)/g

-glucosidase -amylase

: , , , 

Keywords: -glucosidase and -amylase, Antioxidant, Biological activities, 
Dendrobium crumenatum Sw.
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Fig. 1 The percentage yield of extracts obtained from the 
pseudo-stem and leaf of D. crumenatum Sw. at various ages.
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Table 1 Antioxidant activities (measured by superoxide, nitric oxide and FRAP 
assays) of extracts from different parts of a D. crumenatum Sw. at various ages.

Sample
Superoxide 
assay IC50
(mg/ml)

Nitric oxide 
assay IC50
(mg/ml)

FRAP assay
( mol of Fe(II)/

g extract)
Leaf
aged 0.5 years 0.37 0.02a 12.80 0.74ab 252.54 10.86g

aged 1 year 0.37 0.01a 12.21 1.05ab 260.15 6.02g

aged 2 years 0.33 0.02a 11.85 0.74ab 524.98 5.77c

aged 3 years 0.34 0.04a 9.09 0.79a 603.69 7.23b

aged 4 years 0.34 0.01a 12.76 1.11ab 402.23 6.45e

aged 5 years 0.33 0.01a 12.73 1.75ab 540.82 19.31c

Pseudo-stem
aged 0.5 years 1.73 0.02f 12.97 1.10c 701.00 5.51a

aged 1 years 1.61 0.08e 23.29 0.49e 414.24 2.93e

aged 2 years 2.29 0.12g 21.16 0.37d 347.20 4.79f

aged 3 years 1.31 0.02d 12.87 1.17c 709.52 8.66a

aged 4 years 1.21 0.04c 11.04 0.23b 499.49 21.05d

aged 5 years 0.62 0.07b 12.45 0.77ab 500.62 11.18d

Vitamin C 0.19 0.01 0.65 0.04 14,692.15 33.83

03
Table 2 Effects of different harvesting ages on -glucosidase and -amylase inhibitory 
activities of D. crumenatum Sw. extracts.

* Means standard deviation (SD) (n = 3). Different letters in the same column indicate significant 
differences (p < 0.05)

* Means standard deviation (SD) (n = 3). Different letters in the same column indicate significant 
differences (p < 0.05)

Sample -glucosidase assay 
IC50 (mg/ml)

-amylase assay 
IC50 (mg/ml)

Leaf
aged 0.5 years 81.88±2.70de 12.42±0.07c

aged 1 year 78.21±0.60cd 17.05±0.77d

aged 2 years 81.92±0.88de 8.71±0.06a

aged 3 years 104.10±6.05g 11.43±0.19b

aged 4 years 73.44±4.75c 8.47±0.07a

aged 5 years 61.80±2.42b 17.21±1.13d

Pseudo-stem
aged 0.5 years 53.35±1.69a 22.77±0.25e

aged 1 years 64.57±1.67b 22.54±0.33e

aged 2 years 87.11±2.32ef 24.66±0.14f

aged 3 years 92.26±6.46f 28.86±0.54g

aged 4 years 84.13±4.74de 48.01±0.31h

aged 5 years 103.77±0.47g 77.03±0.57i

Acarbose 16.28±0.13 0.55±0.01

Leaf

Pseudo 
stem

-glucosidase  -amylase

  
  

 1-3  
- amylase

-glucosidase    1-4  

 ( ) 
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Component Juice sac Exocarp (peel) Mesocarp Endocarp

pH 4.13 ± 0.02 4.78 ± 0.03 4.72 ± 0.03 4.99 ± 0.02

Moisture (%) 86.21 ± 1.25 75.91 ± 1.13 75.08 ± 1.20 72.87 ± 1.10

Ash (%) 0.77 ± 0.03 1.74 ± 0.04 1.45 ± 0.03 0.97 ± 0.02

Carbohydrates (%) 11.86 ± 0.56 19.13 ± 0.70 21.61 ± 0.80 24.21 ± 0.85

Protein (%) 1.13 ± 0.03 3.07 ± 0.10 1.83 ± 0.04 1.88 ± 0.05

Fiber (%) 0.78 ± 0.04 9.84 ± 0.48 9.61 ± 0.45 11.44 ± 0.50

Fat (%) 0.03 ± 0.00 0.15 ± 0.01 0.03 ± 0.00 0.07 ± 0.01

Total Acid Content (% as citric acid) 9.57 ± 0.48 3.86 ± 0.19 2.02 ± 0.10 2.12 ± 0.11

Total Phenolic Content (mg gallic acid/100 g) 5.84 ± 0.29 5.89 ± 0.30 7.06 ± 0.35 5.10 ± 0.26

Antioxidant Activity (VCEAC, mg/100 g) 434.25 ± 21.71 549.15 ± 27.46 732.82 ± 36.64 752.50 ± 37.63

Compound RI Relative Peak Area

-pinene 929 0.58

sabinene 888 0.20

-pinene 891 0.78

-myrcene 899 28.31

D-limonene 1030 64.94

Cis-linalool oxide 1071 t

Linalool 1100 t

other compounds t

Sample
50% Tyrosinase Inhibition Concentration

(IC50; mg/ml)

Tha Khoi Mueang Phichit Pummelo Essential Oil 0.79 ± 0.09

Kojic Acid (Positive Control) 0.01 ± 0.00

Sample
Tested Amount

(mg)

Inhibition Zone Diameter (mm.)

S. aureus S. epidermidis P. acnes

Tha Khoi Meang Phichit Pummelo
Essential Oil

undiluted 7.30±0.12 ND 6.37±0.38

5 ND ND ND

0.5 ND ND ND

0.05 ND ND ND

Ethanol (Negative Control) 10 ND ND ND

Erythromycin (Positive Control) 0.015 27.95±0.74 29.31±0.26 -

Clindamycin (Positive Control) 0.015 - - 46.00±0.88

: 225

1. 2. 3. 4. 5.

- pH
- Proximately analysis
AOAC (2019)

- titratable acidity
- total phenolic content
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This research investigates the biological properties of various parts of the Tha Khoi Mueang Phichit Pummelo and its peel essential oil to evaluate their properties for

application in cosmetic and health products. The study of composition and antioxidant properties showed that Tha khoi Mueang Phichit Pummelo has antioxidant activity and
phenolic compounds. The highest antioxidant activity (VCEAC) was found in the endocarp (752.50 mg/100 g), the juice sac contained the highest to acid content at 9.57 % as citric acid.
The chemical components analysis of Tha Khoi Mueang Phichit Pummelo peel essential oil indicated that the main constituents were limonene (64.94%) and myrcene (28.31%).
The tyrosinase inhibitory activity of the peel essential oil was measured at IC50 of 0.79 ± 0.09 mg/ml. Furthermore, the antimicrobial activity against S. aureus and P. acnes
showed inhibition zone diameters of 7.30 ± 0.12 mm and 6.37 ± 0.38 mm, respectively. This research indicates that the Tha khoi Mueang Phichit Pummelo and its essential oil can
be utilized in developing cosmetic products to add value to local products and by-products.
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pH
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2.
Table 2

limonene 64.94% myrcene 28.31%
Table 3

50 (IC50) 0.79 ± 0.09

S. aureus P. acnes
7.30±0.12 6.37±0.38

Table 4
limonene Staphylococcus

aureus Propionibacterium acnes

Table 2 Identification of the Volatile Compounds and Their Relative Peak Area of Tha Khoi

Mueang Phichit Pummelo Peel Essential Oil by HS-GCMS

Note : t = trace (< 0.1%)

Table 1 Approximate Chemical Composition of Different Parts of Tha Khoi Pummelo.

Table 3 Tyrosinase Inhibition Activity of Tha Khoi Mueang Phichit Pummelo Peel Essential Oil.

Table 4 Inhibition Zones for Bacteria (S. aureus, S. epidermidis, and P. acnes) Using the Disc Diffusion Method.

Note : ND = Not Detected
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- pH
- Proximately analysis
AOAC (2019)

- titratable acidity
- total phenolic content

DPPH assay
-
Kim et al., (2002)
Adedapo et al., (2009)

- GC-MS

- Dopachrome method

- Disc diffusion method

Component Juice sac Exocarp (peel) Mesocarp Endocarp

pH 4.13 ± 0.02 4.78 ± 0.03 4.72 ± 0.03 4.99 ± 0.02

Moisture (%) 86.21 ± 1.25 75.91 ± 1.13 75.08 ± 1.20 72.87 ± 1.10

Ash (%) 0.77 ± 0.03 1.74 ± 0.04 1.45 ± 0.03 0.97 ± 0.02

Carbohydrates (%) 11.86 ± 0.56 19.13 ± 0.70 21.61 ± 0.80 24.21 ± 0.85

Protein (%) 1.13 ± 0.03 3.07 ± 0.10 1.83 ± 0.04 1.88 ± 0.05

Fiber (%) 0.78 ± 0.04 9.84 ± 0.48 9.61 ± 0.45 11.44 ± 0.50

Fat (%) 0.03 ± 0.00 0.15 ± 0.01 0.03 ± 0.00 0.07 ± 0.01

Total Acid Content (% as citric acid) 9.57 ± 0.48 3.86 ± 0.19 2.02 ± 0.10 2.12 ± 0.11

Total Phenolic Content (mg gallic acid/100 g) 5.84 ± 0.29 5.89 ± 0.30 7.06 ± 0.35 5.10 ± 0.26

Antioxidant Activity (VCEAC, mg/100 g) 434.25 ± 21.71 549.15 ± 27.46 732.82 ± 36.64 752.50 ± 37.63

Table 1 Approximate Chemical Composition of Diffff erent Parts of Tha Khoi Pummelo.

2.
Table 2

limonene 64.94% myrcene 28.31%
Table 3

50 (IC50) 0.79 ± 0.09

S. aureus P. acnes
7.30±0.12 6.37±0.38

Table 4
limonene Staphyh lococcus

aureus Propionibacterium acnes

Compound RI Relative Peak Area

-pinene 929 0.58

sabinene 888 0.20

-pinene 891 0.78

-myrcene 899 28.31

D-limonene 1030 64.94

Cis-linalool oxide 1071 t

Linalool 1100 t

other compounds t

Table 2 Identification of the Volatile Compounds and Their Relative Peak Area of Tha Khoi

Mueang Phichit Pummelo Peel Essential Oil by HS-GCMS

Note : t = trace (< 0.1%)

Sample
50% Tyrosinase Inhibition Concentration

(IC50; mg/ml)

Tha Khoi Mueang Phichit Pummelo Essential Oil 0.79 ± 0.09

Kojic Acid (Positive Control) 0.01 ± 0.00

Table 3 Tyrosinase Inhibition Activity of Tha Khoi Mueang Phichit Pummelo Peel Essential Oil.

Sample
Tested Amount

(mg)

Inhibition Zone Diameter (mm.)

S. aureus S. epidermrr ididd sii P. acnes

Tha Khoi Meang Phichit Pummelo
Essential Oil

undiluted 7.30±0.12 ND 6.37±0.38

5 ND ND ND

0.5 ND ND ND

0.05 ND ND ND

Ethanol (Negative Control) 10 ND ND ND

Erythromycin (Positive Control) 0.015 27.95±0.74 29.31±0.26 -

Clindamycin (Positive Control) 0.015 - - 46.00±0.88

Table 4 Inhibition Zones foff r Bacteria (S. aureus, S. epidermidis, and P. acnes) Using the Disc Diffff usion Method.

Note : ND = Not Detected
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The survey on the sodium content in seasoning powder products sold in Thailand

 
  2022  252    
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  600  
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 (3,289 / 14.5 )  

2,393.3 / 14.5    2,290  
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   2022

 252   6   
   (G1)  (G2)  

(G3)  (G4)  (G5)  (G6)  
  

Table 1

  7   Table 2

This research aims to study the sodium content in seasoning powder products 
sold in Thailand in 2022. A total of 252 samples were analyzed, and it was found that 

18.3% of the samples displayed nutritional labels, and 97.5% showed ingredient lists. 

About 82.4% of the samples had salt as the main ingredient, and 62.3% used food 

additives containing sodium, with monosodium glutamate being the most common. 

Other ingredients containing sodium included seasoning powders such as soup 

base, soy sauce powder, and fish sauce powder. The number of samples with an 

average sodium content higher than 600 milligrams per serving accounts for 58.3% 

of the total products. The instant seasoning powder for clear soup has the highest 

sodium content (3,289 mg/14.5 g), followed by the seasoning powder for Tom Yum 

with an average sodium content of 2,393.3 mg/14.5 g, and the seasoning powder for 

Thai curry with an average sodium content of 2,290 mg

Keywords: Seasoning powders, Sodium content, Sodium in food
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Table 1 Number of samples in each group that display ingredients and nutritional labels 

Groups code
Number of 
samples

Number
Display of 
ingredients

Not displaying 
ingredients

Display of 
nutritional label

Not Display 
nutritional label

G1 20 20 - 3 17
G2 56 52 4 17 39
G3 109 108 1 13 96
G4 8 8 - 0 8
G5 21 20 1 11 10
G6 38 38 0 2 36

Sum 252 246 (97.6%) 6 (2.4%) 46 (18.3%) 206 (81.7%)

Table 2 Sodium-containing food additives cited on the ingredient lists of packaged foods 
sold in Thailand (n = 252), along with their percentage and respective International 

Numbering System (INS)

1 Calculated as: Total Number of sample with Sodium-containing each food additives × 100/Total 
number of samples surveyed.

Groups code Sodium-containing food additives Number % of total sample 1

Total sample= 252 1. Monosodium glutamate;  INS621 126 50
2. Disodium 5’ ribonucleotide; INS635 92 36.5
3. Disodium 5’ inosinate; INS631 24 9.5
4. Disodium 5’ guanylate; INS627 23 9.1
5. Sodium citrate; INS 331(iii) 6 2.4
6. Sodium carbonate; INS 500(i) 2 0.8
7. Disodium succinate; INS 364(ii) 1 0.4
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(B)

(A)

Fig. 1 Average of sodium content in seasoning powder products in each group per serving size: regular 

seasoning powder (A) and low sodium seasoning powder (B). serving size; G1 = 150g soup, G2 = 5g, 

G3 = 14.5g, G4 = 1g, G5 = 5g and G6 = 5g

(A)





0.65 x 0.80 x 0.80

12 VDC 5
1

5 ( 3 )

230 °c - 368 °c

: , , ,

The research on energy-saving stove from used oil and

natural materials the structure is designed as a rectangular

shape with a size of 0.65 x 0.80 x 0.80 meters, it is made from

aluminum that is lightweight material which made it easy to

assemble and move. A fan is used to increase the power of fuel

12 VDC from solar energy source, and adjust the fan speed to

5 levels. The study of the combustion of 1 liter energy-saving

stove using used oil and natural materials. The stove burned for

more than 5 hours (mixed with charcoal, firewood, and rice in

the amount of husks 3 kilograms). The temperature ranges from

230°C to 368°C and increases with the fan speed. According to
user feedback, it is convenient, appropriate, and safe for use. It

is suitable for community-based household businesses, as it

can reduce the cost of using expensive cooking gas and

transfer energy-saving technology to sustainable community

development.

Keywords: Energy-saving stove, Energy, Fan, Used oil  
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Table 1 Pesticide residues in the samples from Pasak river and its tributtary between 2022-2024

Monitoring of the pesticides contamination in agricultural area along Pasak river basin
 a,  b,  a,   a

a     10900
b  1    50100

1.
 (global positioning system, GPS)

   26 

2.  
 

( ,2564) 
 4   

 1   
 

 500 

3.
3.1     Gas Chromatograph  
Flame Photometric Detector (FPD), -Electron Cature Detector ( -ECD)  
Nitrogen Phosphorus Detector (NPD) 

 Gas Chromatograph-Mass Spectrometry

3.4  
 QuEChERS (Anastassiades et al., 2003)

    
   2565-67   Gas Chromatograph 

Hazard quotient (HQ) Risk Quotient (RQ)   triazines  
 organophosphorus pyrethroids     (HQ 1)  

 permethrin  (RQ = 10-100)
: , , , 

This study is to monitor the pesticides residues in the Pasak River basin and to impact to human health and environment. The samples (water, sediment and aquatic biota) from Pasak

river and its tributary were collected from year 2022 to 2024 and measured the pesticides by Gas Chromatograph technique. The measured pesticides residue was used for assessed and 

characterized the risk human and the environment and represent in Hazard quotient (HQ) and Risk Quotient (RQ) repetitively. The results found all pesticides group were detected. Triazines was 

the most frequently detected and next below were organophosphorus and pyrethroids. The risk of pesticide residues to health and the environment were acceptable level (HQ 1 and RQ < 1)
except permethrin has high risk and require further data for concern to reduce the risk (RQ = 10-100) 
Keywords: Pesticides, Monitoring, Residues, Risk 
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3.3   liquid-liquid extraction organochlorines, 

pyrethroids, chloroacetmides triazoles (Association of Official Analysis Chemists, 2016a)

 organophosphorus, carbamates triazines (Environmental Protection Agency, 1994)

3.2   solid-liquid extraction  
organophosphorus, organochlorines, pyrethroids, chloroacetmides, triazoles, carbamates  triazines

(Asociation of Official Analysis Chemists, 2016b)
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4.  (Human Health Risk Assessment)
 (Hazard quotient; HQ)  ( )  (United State 

Environmental Protection Agency, 2011)  HQ 1 
 (acceptable risk)  HQ >1  

 (Cancer risk)  1x10-4 – 1x10-6

  1x10-4  
5.  (Ecotoxicological Risk Assessment) 

 (Risk quotient; RQ) (European Chemicals Bureau, 2003)  RQ < 1 
, RQ = 1-10    RQ = 10-100

   RQ >100

 

Table 2  Risk Assessment of pesticides residues represent in Hazard quotient (HQ) value for 

child 6 years old and adult 70 years old and Risk quotient (RQ) value
Samples Pesticides Hazard quotient; HQ Risk Quotient ; 

RQChild Adult

Water endosulfan sulfate 

alpha endosulfan

methidation

permethrin

carbaryl

atrazine

ametryn

acetochlor

tetraconazole

7.33E-05

3.66E-04 

6.38E-04 

1.06E-03 

2.69E-04

2.14 E-03 

1.98E-03 

7.33E-04 

2.42E-02 

5.64E-05 

2.82E-04

4.90E-04

5.36E-03

1.86E-03

1.65E-03

1.52E-03

2.11E-04

1.86E-02 

0.001

0.003

0.290
11.192

0.004

0.136

1.20E-04

0.009

0.001

Sediment endosulfan sulfate 

parathion methyl

cypermethrin

permethrin

1.57E-05 

1.23E-04 

3.54E-05 

1.51E-08 

2.82E-05

6.15E-06

1.08E-05 

1.34E-06 

0.010

0.003

0.047

0.276

Sample (no. of detected 

sample / no.of total sample 

pesticides  

type

Pesticides group Pesticides name

(no. of detected sample) 

Detected

concentration*

Water

(31/153)

Insecticides Organochlorines endosulfan sulfate (2)

alpha endosulfan (1)

0.02

0.10

Organophosphorus methidation (1) 0.29

Pyrethroids permethrin (1) 1.90

Carbarmates carbaryl (2) 0.09-0.11
Herbicides Triazines atrazine (12)

ametryn (10)

0.02-3.41

0.05-0.81

Chloroacetmides acetochlor (1) 0.20

Fungicides Triazoles tetracocnazole (1) 0.33
Sediment (9/99) Insecticides Organochlorines endosulfan sulfate (1) 0.01

Organophosphorus parathion methyl (1) 0.01
Pyrethroids cypermethrin (4) 0.53-0.60

permethrin (3) 0.02-0.08

Aquatic plant(2/18) Herbicides Chloroacetmides acetochlor (2) 0.20-0.42

Aquatic fauna

(6/30)
Organochlorines p,p’-DDT (1) 0.20

endosulfan sulfate (2) 0.01-0.02

Organophosphorus pirimiphos methyl (1) 0.012

profenofos (1) 0.018

Pyrethroids cypermethrin (1) 0.53
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Abstract
This research has assessed the carbon footprint of smoked sheet rubber products with the objective of

assessing greenhouse gas emissions in terms of carbon dioxide equivalent from both the smoked sheet rubber

products and the production process. Additionally, it .proposes guidelines for reducing environmental impacts, based

on data collected from factories from January-March Section 66, which uses the TGO product carbon footprint

assessment approach and analyzes ways to improve various processes to reduce environmental impact through the

analysis of internal and external business factors. The study found that greenhouse gas emissions from the production

of 1 kilogram of smoked rubber sheet amounted to 802.23 kgCO2eq, consisting of the rubber plantation process at

793.64 kgCO2eq, raw material acquisition at 0.63 kgCO2eq, and the production process at 7.96 kgCO2eq. It was

concluded that the proportion contributing to the product's carbon footprint in Scope B2B is high, with the

production process accounting for 4.3%. Additionally, through the analysis of internal and external business factors,

recommendations were made both in terms of policy for operational planning and the application of clean

technology (CT) principles, which can reduce environmental issues.

Keywords: Greenhouse gas/ SWOT Analysis / Carbon footprint of product / Ribbed Smoked Sheet
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The objective of this study was to evaluates the effectiveness of aquatic plants, Morning glory (Ipomoea 
aquatica Forsk).and Water Mimosa (Neptunia oleracea Lours) in Constructed wetlands system for treating 

aquaculture wastewater. The experiment included three majors: a control set without plants and media, a set 

with media but no plants, and sets with one or both plant species. Plants were cleaned before planting in the 

Horizontal Constructed Wetlands. The experimental results showed that both plant species exhibited growth 

rates of 75.72% and 77.25% within seven days, demonstrating optimal efficiency. They effectively removed 

BOD, COD, nitrite, and nitrate at rates of 87.96%, 88.24%, 69.25%, and 69.76%, respectively. The findings 

indicate that the experimental setup incorporating plants was highly effective in treating organic pollutants.

Keywords: Aquaculture wastewater, Constructed wetlands, Morning glory, Water Mimosa
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Fig.1 (A) Morning glory (Ipomoea aquatica Forsk), (B) Water Mimosa (Neptunia oleracea Lours) . 
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A                                              B                                              C 
Fig. 2 Experiment set of constructed wetlands. (A) A pond without intermediate materials and plants, (B) a pond with 

intermediate materials but without plants and (C) a pond with both intermediate materials and plants.
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Effects of atrazine application on soil microorganisms in corn fields
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Abstract 

Study the effects of atrazine on soil microorganisms in corn fields at Lopburi and Nakhon Ratchasima provinces by 

analyzing soil physical and chemical properties, measuring soil residues, and comparing soil microorganisms, including bacteria,

fungi, and actinomycetes, using the independent sample t-test at 95 percent confidence. It was found that the soil in Lopburi 

province was loamy soil with relatively low organic matter, high phosphorus, potassium, and cation exchange capacity. In Nakhon 

Ratchasima province, the soil was clay soil with moderate organic matter, high phosphorus, potassium, and cation exchange 

capacity. Atrazine was detected only in the fields where the herbicide was sprayed, and the amount of the substance decreased

with increasing time. The counting of soil microorganisms, including bacteria, fungi, and actinomycetes, showed that the amounts

of microorganisms in the three groups in the control and atrazine-sprayed fields was not statistically different. Atrazine spraying 

did not result in statistically different amounts of bacteria, fungi and actinomycetes in both experimental areas. Since this

experiment was conducted in a short period of time, a longer study period should be used for more definitive results.

Keywords: Maize, Bacteria, Fungi, Actinomycetes, Atrazine
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   Table 1

Location Treatments pH

(1:1)

OM

(%)

Avail. P

(mg kg-1)

Exch. K

(mg kg-1)

CEC

(cmol kg-1)

Lopburi Control 6.28 1.21 18.46 80.48 11.14

atrazine 6.98 1.43 19.05 82.99 14.74

Nakhon 

Ratchasima

Control 6.48 1.66 47.27 161.51 27.02

atrazine 7.23 1.88 44.53 170.19 29.07

Table 1 General characteristics of soils after the experiment

  
  2  

  2 , 24  3  7  15   30  
 1.45, 1.07, 0.60, 0.15, 0.04  1  

 30     
2 , 24  3  7  15   30   6.77, 4.20, 1.28, 1.24, 0.05 

 0.02  1  (Table 2)  
  

 
 

   Wang et al. (1999)

    
       pH  Farruggia et al. (2016) 

  
 

Table 2 Amount of atrazine (mg/kg) in soil
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Location
Treatme

nts

Sampling time

2 hours 24 hours 3 days 7 days 15 days 30 days

(CFU/g soil)

Lopburi Control 6.48 × 106 6.62 × 106 6.81 × 106 6.18 × 106 6.35 × 106 6.45 × 106

atrazine 6.29 × 106 6.28 × 106 6.63 × 106 6.62 × 106 6.75 × 106 6.63 × 106

Nakhon 

Ratchasima

Control 4.13 × 106 5.50 × 106 3.71 × 106 2.43 × 106 3.56 × 106 3.88 × 106

atrazine 4.60 × 106 2.25 × 106 3.30 × 106 2.54 × 106 3.45 × 106 3.39 × 106

Table 3 Quantities of bacteria in soil

Sampling time 

after spraying

atrazine

Location

Lopburi Nakhon Ratchasima

control atrazine control atrazine

2 hours ND 1.45 ND 6.77

24 hours ND 1.07 ND 4.20

3 days ND 0.60 ND 1.28

7 days ND 0.15 ND 1.24

15 days ND 0.04 ND 0.05

30 days ND ND ND 0.02
ND=Not detected

Ultrasonic (Babic et al., 1998) Gas Chromatography (GC)

Agilent technologies 7890B Nitrogen-Phosphorus Detector (GC-NPD)

Plate count

 1   

 starch casein agar (SCA) 

 30   7-14 

10-6 

1  
9  

 glucose ammonium nitrate 

agar (GAN)  rose bengal  
streptomycin   

 Nutrient Agar (NA) 

 

Table 4 Quantities of fungi in soil

Location Treatments

Sampling time

2 hours 24 hours 3 days 7 days 15 days 30 days

(CFU/ g soil)

Lopburi Control 4.03 × 104 3.68 × 104 3.98 × 104 3.30 × 104 4.65 × 104 3.45 × 104

atrazine 3.71 × 104 3.47 × 104 3.96 × 104 3.51 × 104 4.10 × 104 3.14 × 104

Nakhon 

Ratchasima

Control 2.82 × 104 2.55 × 104 2.61 × 104 2.59 × 104 2.41 × 104 2.38 × 104

atrazine 2.55 × 104 3.03 × 104 3.62 × 104 2.28 × 104 2.10 × 104 2.15 × 104

Table 5 Quantities of actinomycete in soil

Location Treatments

Sampling time

2 hours 24 hours 3 days 7 days 15 days 30 days

(CFU/g soil)

Lopburi Control 1.12 × 106 1.17 × 106 5.75 × 106 3.37 × 106 4.23 × 106 4.20 × 106

atrazine 9.96 × 105 8.50 × 105 4.13 × 106 4.30 × 106 3.79 × 106 2.43 × 106

Nakhon 

Ratchasima

Control 4.13 × 106 4.91 × 106 3.58 × 106 2.37 × 106 1.61 × 106 5.05 × 106

atrazine 4.46 × 106 4.70 × 106 4.05 × 106 2.49 × 106 1.09 × 106 4.36 × 106

 . 2548. .  2. . .
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Conducting Post-Test
The post-test, which was multiple-choice therefore minimizing the impact of grader bias.
This included questions similar to those in the pre-test, focusing on key concepts such as
the phases of mitosis, the roles of cellular components, and the effects of mutations on
the mitotic process.

Statistical Analysis
A paired t-test was used to compare the mean scores of the pre-test and post-test for
each participant, allowing for an analysis of the change in knowledge over the course of
the game-based learning intervention. By calculating the difference between the scores
for each individual, the paired t-test assesses whether the mean difference is statistically
significant, thus determining whether the game-based learning intervention effectively
improved students' conceptual understanding of mitotic cell division.

Having a baseline group, Group A, allows for a clear assessment of how well the game-
based learning intervention performs in the absence of prior knowledge. Group B, on the
other hand, provides insights into how the intervention enhances or complements pre-
existing understanding. This dual approach controls prior knowledge as a variable and
strengthens the analysis and makes the results more generalizable.

To assess student motivation, a questionnaire was administered using a 1 to 5 Likert
scale, where 1 represented the least and 5 represented the most. The survey measured
students' engagement, interest, and perceived value of the game-based learning activity.
This feedback provided valuable insights into how engaging and effective the game was
in capturing students' attention, enhancing their interest in the subject matter, and
contributing to their overall learning experience.

Result

Innovative enhance understanding of Mitosis
Through a Modified Werewolf Game

Abstract

Introduction and related literature
Biology often involves abstract processes, such as mitosis, which are challenging to visualize and understand (Smith & Knight, 2012). Traditional teaching
methods such as textbook-based instruction and lectures may fail to make a clear understanding of complex topics like mitosis.

The importance of this study lies in addressing several key challenges in biology education. One of the primary issues students face is the understanding of
biological concepts which could result in a lack of enthusiasm for the subject and conceptual clarity in biology (Smith & Knight, 2012). GBL would transform
boring topics into engaging and relatable experiences that combine the gap between practice and theory allowing better conceptual understanding. This
study aims to evaluate the effectiveness of GBL through the Mitotic Cell Division game for high school students. This research focuses on how innovative
teaching methods such as GBL can enhance biology education, making it more engaging and effective for students (Plass, Homer, & Kinzer, 2015).

In biological education, GBL has both challenges and benefits. Complex biological processes, such as cellular mechanisms, are difficult to represent
accurately in games, and simplifications may lead to misconceptions (Mayer, 2005). Furthermore, GBL also required considerable resources and a large
amount of time in order to create the game and improve which can be particularly challenging in some schools. (Plass et al., 2015). Role-playing allows
students to physically embody biological concepts, such as chromosomes, helping them better understand complex processes like replication and division
while reducing misconceptions (Goldstein, 2016). Moreover, educational games can be particularly beneficial for diverse learners, including students with
special needs, by supporting independent learning and fostering critical thinking (Gerber et al., 2014). While not all students respond equally well to game-
based methods, evidence suggests that when these approaches are aligned with students' learning styles, they can significantly enhance conceptual
understanding (Liu et al., 2014).

Research methods

This study examines the effectiveness of game-based learning (GBL) in teaching mitotic cell division to high school students, utilizing a modified Werewolf
game to enhance engagement and understanding. Forty high school students were divided into two groups: one with no prior instruction (Group A) and one
with prior instruction (Group B). Both groups participated in a role-playing game simulating mitosis. Pre-test and post-test assessments measured changes in
conceptual understanding, while a Likert scale questionnaire gauged motivation. The results revealed that the game significantly improved conceptual
understanding, particularly for Group A, who had no prior instruction. Motivation scores were high, indicating strong engagement and interest in the game-
based approach. However, there are still gaps in the experiment that should be taken into consideration.

The data reveals a significant improvement in test scores for
both groups after participating in the learning activity. Group
A, consisting of students with no prior formal instruction, had a
mean pre-test score of 3.03, which increased to 5.00 in the
post-test, reflecting a substantial gain in understanding. Group
B, consisting of students with prior knowledge of the topic,
had a mean pre-test score of 7.3, rising to 9.2 in the post-test,
demonstrating improvement even among those who had
previously studied mitotic cell division. These results indicate
that the game-based learning intervention was effective in
enhancing students' conceptual understanding, regardless of
their prior knowledge.

Group A showed strong positive feedback, with an average
helpfulness rating of 4.57, indicating that students found the
activity significantly beneficial. Their preference for this game-
based learning method over traditional approaches was 4.30,
reflecting a strong inclination towards this format. The
perceived inspiration level was 4.33, suggesting that the
activity was motivating and engaging for the students. In
Group B, the average helpfulness rating was 4.60, slightly
higher than Group A, indicating a strong perception of the
activity's educational value. The preference for the game-
based method over traditional learning was 4.20, showing a
solid preference, though slightly lower than Group A’s. The
perceived inspiration level in Group B was 4.20, indicating that
students also found the activity inspiring, albeit slightly less
than Group A.
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Research methods
Conducting Post-Test
The post-test, which was multiple-choice therefore minimizing the impact of grader bias.
This included questions similar to those in the pre-test, focusing on key concepts such as
the phases of mitosis, the roles of cellular components, and the efff ects of mutations on
the mitotic process.

Statistical Analyysis
A paired t-test was used to compare the mean scores of the pre-test and post-test for
each participant, allowing for an analysis of the change in knowledge over the course of
the game-based learning intervention. By calculating the difference between the scores
for each individual, the paired t-test assesses whether the mean difference is statistically
significant, thus determining whether the game-based learning intervention efff ectively
improved students' conceptual understanding of mitotic cell division.

Having a baseline group, Group A, allows for a clear assessment of how well the game-
based learning intervention performs in the absence of prior knowledge. Group B, on the
other hand, provides insights into how the intervention enhances or complements pre-
existing understanding. This dual approach controls prior knowledge as a variable and
strengthens the analysis and makes the results more generalizable.

To assess student motivation, a questionnaire was administered using a 1 to 5 Likert
scale, where 1 represented the least and 5 represented the most. The survey measured
students' engagement, interest, and perceived value of the game-based learning activity.
This feedback provided valuable insights into how engaging and effective the game was
in capturing students' attention, enhancing their interest in the subject matter, and
contributing to their overall learning experience.
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This research study aims to 1) develop a board game using cooperative learning technique to enhance analytical thinking and simple problem-solving skills for elementary pupils 

2) study of analytical thinking and simple problem-solving skills after learning 3) study the academic achievement before and after studying 4) results of student satisfaction. The results were 
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          The objectives of this classroom research were 1) to compare reading comprehension skills of
Mathayomsuksa 5 students before and after learning through team-based learning. 2) to study the
Mathayomsuksa 5 students’ attitudes towards team-based learning. The sample group consisted of
31 students in the Mathayomsuksa 5/6 obtained by purposive sampling method, who are currently
studying in the second semester of the 2023 academic year. The data collection tools included 1) a
learning management plan using team-based learning on reading comprehension, 2) pre-posttests of
reading comprehension, which has difficulty index (p) between 0.33 – 0.80 and reliability of 0.84, and
3) a questionnaire of attitudes towards team-based learning, which has reliability of 0.7. The statistics
used in data analysis included percentage, average, standard deviation, and effectiveness index.
The results of the research showed that 1) the students’ reading comprehension skills after using
team-based learning increased significantly with a post-learning average score of (x)= 18.8 and
(S.D.) = 4.24, which corresponds to a percentage of students meeting the criteria at 93.54, and an
effectiveness index of 0.5739 2) the students have high attitudes towards team-based learning at
mean (x) of 4.24 and a standard deviation (S.D.) of 0.82

Keywords: English reading for comprehension, team-based learning management, attitudes
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Test Maximum Score Mean S.D.
Percentage of students
who meet the criteria

  Pretest   25   10.4   4.48   29.03
  Posttest   25   18.8   4.24   93.54

Table 1 The average score of students’ reading comprehension skills before and after team-based learning,
and the percentage of students meeting the criteria
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Number of students Maximum Score
Total score

E.I.
Pretest Posttest
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Table 2 The effectiveness index of team-based learning on the students’ reading comprehension skills
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Students are satisfied with team-based learning

to develop their English reading skills.

Team-based learning helps to resolve problems or

questions related to the content being read more quickly.

Working with a team makes students

more interested in reading English.

Team-based learning contributes to

more effective English reading.

Team members help stimulate learning and

understanding of English reading content.

Learning through team-based models significantly

enhances students' English reading skills.

Working with a team helps students become

more confident in reading English.

Students realize the importance

of reading in English.

Students understand the content they read

in English better through team-based learning.

Students enjoy reading English

through team-based learning.
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การพัฒนารูปแบบการเรียนรู้ที่ส่งเสริมสมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK 
ในการจัดการเรียนรู้เชิงรุก สําหรับครูสังกัดสํานักงานการศึกษาข้ันพื้นฐาน จังหวัดนครพนม
Development of Learning Model to Enhance Digital Technology Competencies Based on TPACK Framework for 
Active Learning Management for Teachers Under the Office of Basic Education in Nakhon Phanom Province
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หลักการ วัตถุประสงค์ กระบวนการเรียนรู้

สมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการจัดการเรียนรู้เชิงรุกสำหรับครู

การวัดและประเมินผล 

การวัดสมรรถนะด้านเทคโนโลยีดิจิทัล

การประเมินความสามารถด้าน TPACK

การประเมินผลการเรียนรู้เชิงรุก 

การสะท้อนผลและการพัฒนาต่อเน่ือง 

TPACK

Active Learning

Experiential Learning

Social Constructivism
การแก้ปัญหาจากกรณีศึกษา

(Case Study)

การใช้เคร่ืองมือ
(Technology Intregration)

พัฒนาสื่อและนวัตกรรม

การเตรียมคาวมพร้อม
(Preparation)

การเรียนรู้และพัฒนา
(Learning and Development)

การประยุกต์ใช้
(Application)

การสะท้อนผลและพัฒนาต่อเนื่อง
(Reflection and Continuous

Improvement)

อบรมเบ้ืองต้น

ประเมินสมรรถนะ

กำหนดเป้าหมาย

พัฒนาสมรรถนะด้านเทคโนโลยีดิจิทัล

เสริมสร้างความเข้าใจและการประยุกต์ใช้

กรอบแนวคิด TPACK 

พัฒนาทักษะการเรียนรู้เชิงรุกของครู

ส่งเสริมการบูรณาการภูมิปัญญาท้องถิ่น

และทรัพยากรในพื้นที่เข้าสู่

การจัดการเรียนรู้ 

สร้างระบบการเรียนรู้
นำส่ือที่พัฒนามาใช้ใน

การจัดการเรียนรู้ในห้องเรียนจริง 

การแลกเปลี่ยนประสบการณ์
และปรับปรุงกิจกรรมร่วมกับเพ่ือนครู

แบบประสานเวลา 
(Synchronous)

แบบไม่ประสานเวลา 
(Asynchronous) 

รูปแบบการเรียนรู้ท่ีส่งเสริมสมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการจัดการเรียนรู้เชิงรุก

การศึกษาเร่ือง "การพัฒนารูปแบบการเรียนรู้ที่ส่งเสริมสมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการ
จัดการเรียนรู้เชิงรุกสําหรับครูสังกัดสํานักงานการศึกษาขั้นพ้ืนฐาน จังหวัดนครพนม" สามารถสรุปประเด็นสําคัญได้ดังนี้

บริบทและความสําคัญของปัญหา
 การเปลี่ยนแปลงเข้าสู่ยุคดิจิทัลส่งผลต่อระบบการศึกษาทั่วโลก
 สถานการณ์โควิด-19 เร่งให้เกิดการปรับตัวด้านการเรียนการสอน
 ครูยังต้องการพัฒนาทักษะการใช้เทคโนโลยี

กรอบแนวคิดที่เกี่ยวข้อง
 TPACK เน้นการบูรณาการระหว่างความรู้ด้านเนื้อหา วิธีการสอน และ
เทคโนโลยี
 การจัดการเรียนรู้เชิงรุกมุ่งเน้นให้ผู้เรียนมีส่วนร่วมในกระบวนการเรียนรู้
อย่างกระตือรือร้น

สภาพปัญหาในพื้นท่ี
 จังหวัดนครพนมมีความท้าทายเฉพาะด้านในการพัฒนาครู
 ความหลากหลายของบริบทโรงเรียนและข้อจํากัดด้านทรัพยากร
 ครูต้องการพัฒนาทักษะด้านเทคโนโลยีท่ีสอดคล้องกับบริบทท้องถ่ิน
 มีครูส่วนน้อยที่เคยได้รับการอบรมตรงกับความต้องการ

ความจําเป็นในการวิจัย
 ต้องการพัฒนารูปแบบที่เหมาะสมกับบริบทท้องถิ่น
 เน้นการบูรณาการ TPACK กับการจัดการเรียนรู้เชิงรุก
 มุ่งยกระดับคุณภาพการจัดการเรียนการสอนของครูในจังหวัด
 ส่งเสริมการใช้เทคโนโลยีดิจิทัลในการจัดการเรียนรู้อย่างมีประสิทธิภาพ

 1. ศึกษาสภาพปัญหาในการประยุกต์ใช้เทคโนโลยีดิจิทัลเพื่อการจัดการเรียนรู้ของครู สังกัดสํานักงานการศึกษาขั้นพ้ืนฐาน จังหวัด
นครพนม
 2. พัฒนารูปแบบการเรียนรู้ที่ส่งเสริมสมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการจัดการเรียนรู้เชิงรุกสําหรับครูสังกัด
สํานักงานการศึกษาขั้นพ้ืนฐาน จังหวัดนครพนม

 1. ควรพัฒนารูปแบบการเรียนรู้ที่ยืดหยุ่นและสามารถนําไปปรับใช้กับบริบทที่หลากหลาย ทั้งในด้านวัฒนธรรม เทคโนโลยี และทรัพยากรในพื้นท่ีอื่นนอกเหนือจากจังหวัดนครพนม เพื่อเพ่ิมศักยภาพในการขยายผลของงานวิจัย
 2. การจัดฝึกอบรมและกิจกรรมการเรียนรู้เชิงปฏิบัติการที่ต่อเนื่องสําหรับครูในสังกัดสํานักงานการศึกษาขั้นพ้ืนฐาน เพื่อเสริมสร้างความรู้ความเข้าใจและทักษะการใช้เทคโนโลยีดิจิทัลอย่างย่ังยืน
 3. ควรมีการติดตามและประเมินผลรูปแบบการเรียนรู้ที่พัฒนาขึ้นในระยะยาว เพ่ือศึกษาผลกระทบต่อการพัฒนาสมรรถนะของครู รวมถึงประสิทธิภาพในการจัดการเรียนรู้

รูปแบบการวิจัย
 เป็นการวิจัยเอกสาร (Documentary Research) และการวิจัยเชิงสํารวจ (Survey 
Research)

ประชากรและกลุ่มตัวอย่าง
ประชากร ได้แก่ ครูและผู้บริหารสถานศึกษาในโรงเรียนสังกัดสํานักงานเขตพ้ืนที่การศึกษา

มัธยมศึกษานครพนม และสังกัดสํานักงานเขตพ้ืนที่การศึกษาประถมศึกษานครพนม เขต 1 จํานวน 
4,413 คน จาก 480 โรงเรียน

กลุ่มตัวอย่าง ได้แก่ ครูและผู้บริหารสถานศึกษา จํานวน 400 คน ได้มาจากการสุ่มแบบแบ่งช้ัน
ภูมิ (Stratified Random Sampling) โดยใช้ขนาดโรงเรียนเป็นชั้นภูมิ

กลุ่มเป้าหมาย ได้แก่ ผู้เช่ียวชาญประเมินรูปแบบและเคร่ืองมือ จํานวน 5 คน

เคร่ืองมือที่ใช้ในการวิจัย
 แบบบันทึกการตรวจสอบและวิเคราะห์เอกสาร
 แบบบันทึกการสังเคราะห์รูปแบบ
 แบบสํารวจสภาพปัญหาและความต้องการ
 แบบบันทึกการออกแบบและพัฒนารูปแบบ
 แบบประเมินประสิทธิภาพรูปแบบโดยผู้เชี่ยวชาญ

การเก็บรวบรวมข้อมูล
 ศึกษาสภาพปัญหาและความต้องการผ่านแบบสอบถาม
 วิเคราะห์เอกสารและงานวิจัยที่เก่ียวข้อง
 ยกร่างรูปแบบการเรียนรู้ตามกรอบแนวคิด TPACK
 ประเมินความเหมาะสมของรูปแบบโดยผู้เชี่ยวชาญ
 ปรับปรุงรูปแบบตามข้อเสนอแนะ

การวิเคราะห์ข้อมูล
 วิเคราะห์ข้อมูลพื้นฐานด้วยสถิติพ้ืนฐาน (ความถี่ ร้อยละ ค่าเฉล่ีย ส่วนเบี่ยงเบนมาตรฐาน)
 วิเคราะห์ระดับสภาพปัญหาและความต้องการจําเป็นโดยใช้สูตรคํานวณค่าดัชนี PNI

Modified

 วิเคราะห์เน้ือหาจากเอกสารและงานวิจัยเพ่ือสังเคราะห์กรอบแนวคิด

การตรวจสอบคุณภาพเคร่ืองมือ
 ผู้เช่ียวชาญตรวจสอบความเหมาะสมของรูปแบบ
 ใช้แบบประเมินมาตราส่วนประมาณค่า 5 ระดับ
 ได้ค่าเฉล่ียความเหมาะสม 4.56 และค่า IOC ต้ังแต่ 0.71-1.00
 วิธีดําเนินการวิจัยนี้มีความเป็นระบบและครอบคลุมตามหลักการวิจัย มีการเก็บข้อมูลท่ีหลาก
หลาย และมีการตรวจสอบคุณภาพของเครื่องมือและรูปแบบที่พัฒนาขึ้นอย่างเหมาะสม

บทนํา วิธีดําเนินการวิจัย

วัตถุประสงค์การวิจัย

ผลการวิจัย

ข้อเสนอแนะการวิจัย

งานวิจัยเรื่องนี้เป็นส่วนหน่ึงของโครงการ “การพัฒนาสมรรถนะในการประยุกต์ใช้เทคโนโลยีดิจิทัล 
เพื่อการจัดการเรียนรู้ในยุคสถานการณ์โควิด-19 หลักสูตร (Non-Degree)” โครงการพัฒนาทักษะ
กําลังคนของประเทศ (Reskill Upskill Newskil) เพื่อการมีงานทําและเตรียมความพร้อมรองรับการ
ทํางานในอนาคต สํานักงานปลัดกระทรวงการอุดมศึกษา วิทยาศาสตร์ วิจัย และนวัตกรรม

กิตติกรรมประกาศ 
Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: 
A framework for teacher knowledge. Teachers College Record, 108(6), 1017-1054.

เอกสารอ้างอิง

 2. รูปแบบการเรียนรู้ที่ส่งเสริมสมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการจัดการเรียนรู้
เชิงรุกสําหรับครูสังกัดสํานักงานการศึกษาขั้นพื้นฐาน จังหวัดนครพนม ซึ่งประกอบด้วยองค์ประกอบท่ีสําคัญ 4 องค์
ประกอบ ได้แก่ 1) หลักการของรูปแบบ 2) วัตถุประสงค์ 3) กระบวนการเรียนรู้ และ 4) การวัดและประเมินผล 
(รายละเอียดดังภาพที่ 1) และ ผลการประเมินรูปแบบโดยผู้เช่ียวชาญ พบว่า ความเหมาะสมของรูปแบบในภาพรวม
อยู่ในระดับมากที่สุด (X = 4.56, S.D. = 0.52) โดยด้านที่ได้คะแนนประเมินสูงสุดคือความครอบคลุมองค์ประกอบ
การพัฒนาสมรรถนะ (X = 4.83, S.D. = 0.41) ในขณะที่ด้านความสามารถในการนําไปปฏิบัติได้จริง การส่งเสริมการ
เรียนรู้เชิงรุก และความเป็นไปได้ในการนําไปใช้ ได้รับการประเมินในระดับมาก (X = 4.33, S.D. = 0.52)

 1. ครูสังกัดสํานักงานการศึกษาขั้นพื้นฐาน จังหวัดนครพนม มีสภาพที่เป็นจริงในการประยุกต์ใช้เทคโนโลยีดิจิทัลเพื่อการ
จัดการเรียนรู้โดยรวมอยู่ในระดับปานกลาง (X = 3.19) ในขณะที่มีความคาดหวังในภาพรวมอยู่ในระดับมากที่สุด (X = 0.53) 
เมื่อพิจารณาดัชนีลําดับความต้องการจําเป็นพบว่า ตัวบ่งชี้ที่มีความต้องการจําเป็นมากที่สุด คือ ทักษะการใช้เทคโนโลยีดิจิทัลใน
การจัดการเรียนรู้ (PNI

Modified
 = 0.58) รองลงมา คือ ความรู้ความเข้าใจเกี่ยวกับการใช้เทคโนโลยีดิจิทัล (PNI

Modified 
= 0.48) และ

การบูรณาการเทคโนโลยีดิจิทัลกับการสอนในช้ันเรียน (PNI
Modified

 = 0.50) ตามลําดับ ในขณะที่ความตระหนักต่อการใช้
เทคโนโลยีดิจิทัลอย่างมีจริยธรรมเป็นประเด็นที่มีความต้องการจําเป็นน้อยที่สุด (PNI

Modified 
= 0.23) 

2. การพัฒนารูปแบบการเรียนรู้ที่ส่งเสริมสมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการจัดการเรียนรู้เชิงรุก
สําหรับครูสังกัดสํานักงานการศึกษาขั้นพื้นฐาน จังหวัดนครพนม

TPACK Framework
(Koehler, M. J., & Mishra, P., 2006)

ภาพท่ี 1 สมรรถนะด้านเทคโนโลยีดิจิทัลตามกรอบแนวคิด TPACK ในการจัดการเรียนรู้เชิงรุกสําหรับครู 

สัดส่วนครูที่ต้องการพัฒนาทักษะเทคโนโลยี

ครูที่ต้องการพัฒนาทักษะ
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Application of QR Code to Increase Efficiency of Inventory Management:
A Case Study of Department of Fisheries Products, Faculty of Fisheries, Kasetsart University
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Study on the suitability of using QR Code in the management of equipment, the four sample
groups totaling 98 people was testing QR Code and then were estimated satisfaction questionnaire
by using A five-level rating scale. The research results were analyzed using percentages and mean.
The results showed that the satisfactions of academic personnel, bachelor student and graduate
students showed overall satisfaction to six items in high level (4.36 – 4.43), in terms of ease of use,
providing the necessary details, the information of using tools, ease of using for reference,
Information access and the usefulness for teaching and research supplies. While the results of the
support personnel and academic assistance were the most satisfied (4.50 - 5.00) to four items in
terms of knowing the key characteristics, accessing information in the system conveniently, quickly
and sufficiently, the period reduction of the annual equipment inspection and the information
usefulness for management as a whole, whereas the rating was very satisfied (4.0) in provide the
supplier details for the benefit of maintenance Therefore, the equipment management using QR
Code can be used efficiently. It is also a good guideline for other agencies, helping stakeholders to
access equipment history information conveniently, quickly, accurately and useful for teaching and
research.
Keywords: Equipment, Data base, Application of QR code
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Figure 1 QR Code displaying equipment details and equipment information
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usefulness for management as a whole, whereas the rating was very satisfied (4.0) in provide the
supplier details for the benefit of maintenance Therefore, the equipment management using QR
Code can be used efficiently. It is also a good guideline for other agencies, helping stakeholders to
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