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ค าน า 
 

มหาวิทยาลยัเกษตรศาสตรไ์ดจ้ดัการประชุมวิชาการอย่างต่อเนื่องเป็นประจ าทุกปี โดยร่วมกับกระทรวงการ
อุดมศึกษา วิทยาศาสตร์ วิจัย และนวัตกรรม กระทรวงเกษตรและสหกรณ์ กระทรวงศึกษาธิการ กระทรวง
ทรัพยากรธรรมชาติและสิ่งแวดล้อม กระทรวงดิจิทัลเพื่อเศรษฐกิจและสังคม ส านักงานคณะกรรมการส่งเสริม
วิทยาศาสตร ์วิจยัและนวตักรรม ส านกังานการวิจยัแห่งชาติ และเครือข่ายวิจยั “ประชาชื่น” รวมถึงสมาคมวิชาชีพต่างๆ 
จดัใหม้ีการประชุมทางวิชาการ ครัง้ที่ 64 ระหว่างวนัที่ 17-19 มีนาคม พ.ศ. 2569 ภายใตห้วัขอ้ “บูรณาการนวตักรรม
และสังคม:  ก้าวสู่อนาคตที่ ชาญฉลาดและยั่ งยืน  (Bridging Innovation and Society: Toward a Smart and 
Sustainable Future)” เพื่อมุ่งส่งเสริมใหน้กัวิชาการและคณาจารย์จากสาขาต่างๆ น าเสนอผลงานวิจยั แลกเปลี่ยน
ความคิดเห็น ประสบการณ์ และความช านาญ ระหว่างนักวิชาการ คณาอาจารย์ของภาครัฐและภาคเอกชน  
ซึ่งจะน าไปสูค่วามรว่มมือทางการวิจยัและยงัเปิดโอกาสใหน้ิสิต นกัศกึษา ไดแ้สดงผลงานทางวิชาการ โดยความรูแ้ละ
วิทยาการใหม่ๆ ดงักลา่ว ยงัไดถ้่ายทอด เผยแพรสู่ส่าธารณชน อนัจะน ามาซึ่งความกินดี อยู่ดี และการพฒันาประเทศ
อย่างยั่งยืน  

การน าเสนอผลงานวิชาการประกอบดว้ยภาคบรรยายจ านวน จ านวน 119 เรื่อง และภาคโปสเตอรจ์  านวน  
58 เรื่อง รวม 177 เรื่อง แบ่งออกเป็น 13 สาขา ไดแ้ก่ สาขาพืช สาขาสัตว ์สาขาสัตวแพทยศาสตร ์สาขาประมง  
สาขาสง่เสรมิการเกษตรและคหกรรมศาสตร ์สาขาวิทยาศาสตร ์สาขาวิทยาศาสตรส์ขุภาพ สาขาวิศวกรรมศาสตรแ์ละ
สถาปัตยกรรมศาสตร ์สาขาอุตสาหกรรมเกษตร สาขาทรัพยากรธรรมชาติและสิ่งแวดลอ้ม สาขาศึกษาศาสตร ์  
สาขาเศรษฐศาสตรแ์ละบรหิารธุรกิจ สาขามนษุยศาสตรแ์ละสงัคมศาสตร ์โดยไดร้บัการพิจารณาใหต้ีพิมพผ์ลงานวิจยั
เรื่องเต็มใน E-Proceedings จ านวน 158 เรื่อง 

เอกสารฉบับนีเ้ป็นการรวบรวมผลงานวิจัยเรื่องเต็ม ภาษาไทยและภาษาอังกฤษ  ทั้งภาคบรรยายและ 
ภาคโปสเตอร ์เล่มที่ 2 ประกอบดว้ย สาขาวิทยาศาสตร์ จ านวน 16 เรื่อง สาขาวิทยาศาสตรสุ์ขภาพ จ านวน 9 
เรื่อง สาขาวิศวกรรมศาสตรแ์ละสถาปัตยกรรมศาสตร ์จ านวน 43 เรื่อง สาขาอุตสาหกรรมเกษตร จ านวน 8 
เรื่อง และสาขาทรัพยากรธรรมชาติและสิ่งแวดล้อม จ านวน 13 เรื่อง ซึ่งไดผ้่านการคัดเลือกจากคณะกรรมการ
ผูท้รงคณุวฒุิประจ าสาขา   

ในนามของคณะกรรมการด าเนินงานจัดการประชุมทางวิชาการ ครัง้ที่ 64 ขอขอบคุณ คณาจารยน์ักวิจัย 
นั ก วิ ช ากา ร  และนิ สิ ต  นั กศึ กษา  ที่ ไ ด้ ร่ ว มน า เ สนอผลงาน วิ จั ย  และผู้ ที่ สน ใจ เ ข้า ร่ วมกา รประชุม  
ทางวิชาการในครั้งนี ้ ขอขอบคุณคณะกรรมการทุกฝ่ายที่สละเวลา แรงกาย แรงใจและความคิด ร่วมมือกัน  
จดัเตรียมการประชมุ จนท าใหก้ารประชมุทางวิชาการครัง้นีส้  าเรจ็ลลุว่งไปดว้ยดี 
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ประธานคณะกรรมการอ านวยการจดัการประชมุทางวิชาการ 
มหาวิทยาลยัเกษตรศาสตร ์ครัง้ที่ 64 



 
 

ความสมบูรณข์องการเสนอผลงาน 

ในการประชุมทางวิชาการ 

มหาวิทยาลัยเกษตรศาสตร ์ครัง้ที ่64 

ประกอบด้วย หนังสือรับรองการมาเสนอผลงาน 

และการได้ตีพมิพล์งในเอกสารบทคัดย่อ 
  

 

 

 

 

สถาบันวิจัยและพัฒนาแหง่มหาวทิยาลัยเกษตรศาสตร ์
มหาวิทยาลัยเกษตรศาสตร ์

E-mail: kuannualconf@gmail.com 
Website: https://annualconference.ku.ac.th, 

https://www3.rdi.ku.ac.th 
 

 



 

สาขาวิทยาศาสตร ์
(Subject: Science) 

------------------------------------ 
ภาคบรรยาย 

(Oral Presentation) 

 
  



                              สาขาวิทยาศาสตร ์

 2 

การดัดแปรสภาพอากาศเพ่ือบรรเทาความรุนแรงการตกของฝนด้วยเทคนิคการโจมตีเมฆเย็น 
Cold cloud weather modification for rain suppression in Northern Thailand 
 
ฉันต ิเดชโยธนิ, ทกัษยา ไรวตากุล, อริสรา นาคบุร*ี, พฤกษ ์ไพรพนาพงศ,์ วิศรุต จิน้สุริวงษ,์ พุฒิพงศ ์สุชาติพงศ ์
Chanti Detyothin, Tasaya Raivatakul, Arisara Nakburee*, Pruek Pripanapongs, Wissarut Jinsuriwong, Puttipong Suchatpong 
กรมฝนหลวงและการบินเกษตร กรุงเทพฯ 10900 
Department of Royal Rainmaking and Agricultural Aviation, Bangkok 10900, Thailand 
*Corresponding author. E-mail address: nzhenyu@gmail.com 
 
บทคดัย่อ  

เหตุการณส์ดุขัว้จากการเปล่ียนแปลงสภาพภูมิอากาศและความแปรปรวนของสภาพอากาศมีแนวโนม้ความถ่ี
ความรุนแรงและระยะเวลายาวนานขึน้ในอนาคต ภาคเหนือของประเทศไทยมกัจะประสบปัญหาภยัพิบตัิจากเหตุการณ์
สุดขั้วอย่างต่อเนื่อง งานวิจัยนีไ้ดถู้กด าเนินการระหว่างวันที่ 10–30 กรกฎาคม 2568 ในช่วงที่มีพายุโซนรอ้นพัดผ่าน
ภาคเหนือ คัดเลือกเมฆแบบจับคู่และปฏิบัติการแบบสุ่ม ดว้ยพลุซิลเวอรไ์อโอไดด ์(AgI) เร่งกระบวนการเกิดฝนในเมฆ
คิวมลูสัขนาดเล็กที่ระดบัยอดเมฆ อุณหภูมิต  ่ากว่า -5 °C จาก 6 ตวัอย่าง พบว่ากลุ่มฝนที่ไดร้บัการดดัแปร (Seed: S) มี
ระยะเวลาการเจริญเติบโตจนถึงระยะเจริญเติบโตสงูสดุนอ้ยกว่ากลุ่มฝนควบคุม (Non-Seed: NS) และ มีขนาดเล็กกว่า
ทั้งในแง่ของเสน้ผ่านศูนยก์ลาง ความสูง และช่วงชีวิตของกลุ่มฝน โดยมีปริมาตรน า้ฝนน้อยกว่ากลุ่มฝนควบคุมดว้ย 
อตัราส่วน S/NS อยู่ที่ 0.66 ซึ่งหมายถึงปริมาตรน า้ฝนที่ลดลง 34% การบรรเทาฝนตกหนกัดว้ยเทคนิคเมฆเย็นนีส้ามารถ
น าไปประยกุตใ์ชใ้นพืน้ท่ีอื่นท่ีเขา้เงื่อนไขการปฏิบตัิการได ้
ค าส าคัญ: การดดัแปรสภาพอากาศ,การบรรเทาความรุนแรงพายฝุน, การลดปรมิาตรน า้ฝน, เทคนิคเมฆเย็น, พลซุิลเวอร์
ไอโอไดด ์
 
Abstract  

Extreme events driven by climate change and weather variability are increasing in both frequency and 
intensity, Northern Thailand also experiencing severe disasters from such events. This study was conducted 
from 10 to 30 July 2025 during a tropical storm episode. Using a randomized experiment, silver iodide (AgI) 
flares were deployed to seed small cumulus clouds at cloud tops with temperatures near -5 °C. Six paired storm 
samples (seeded vs. non-seeded) were analyzed. Seeded storms (S) exhibited a shorter mature lead time and 
maximum mature lead time compared to non-seeded storms (NS), indicating faster development of the 
precipitation phase. Moreover, seeded storms displayed smaller diameters, lower echo tops, and shorter 
durations than non-seeded storms, resulting in reduced rainfall volumes. The ratio of rainfall volume from 
seeded to non-seeded storms was 0.66, corresponding to a 34% reduction. This cold cloud weather 
modification technique for rain suppression shows potential for operational application in other regions. 
Keywords: Cold cloud technique, Rain suppression, Rain volume reduction, Silver Iodide flares, Weather 
modification 
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ค าน า  
ภัยพิบัติจากเหตุการณ์สุดขั้ว (extreme events) เช่น ภาวะภัยแลง้ คล่ืนความรอ้น ฝนตกหนักและน า้ท่วม

ฉบัพลนั พายหุมนุเขตรอ้น มีแนวโนม้ที่จะเพิ่มความถ่ี ความรุนแรงและระยะเวลายาวนานขึน้ จากการเปล่ียนแปลงสภาพ
ภูมิอากาศและความแปรปรวนของสภาพอากาศ จากรายงานสังเคราะหฉ์บับที่ 6 (SIXTH ASSESSMENT REPORT: 
AR6) ในปีพ.ศ. 2566 ของคณะกรรมการระหว่างรฐับาลว่าดว้ยการเปล่ียนแปลงสภาพภมูิอากาศ หรือ Intergovernmental 
Panel on Climate Change (IPCC) จ าลองฉากทศันข์องประเทศในแถบเอเชียตะวนัออกเฉียงใต ้พบว่า ค่าเฉล่ียของฝน
จะเพิ่มขึน้ในตอนบนของภูมิภาคและลดลงในประเทศภาคพืน้สมทุร (Maritime Southeast Asia) ซึ่งประเทศไทยก็ไดร้บั
ผลกระทบเช่นเดียวกนั 

การดดัแปรสภาพอากาศ (Weather Modification) ถกูน ามาใชใ้นการปรบัตวั (Adaptation) ต่อการเปล่ียนแปลง
สภาพภมูิอากาศและเหตกุารณส์ดุขัว้ทั่วโลก เพื่อบรรเทาผลกระทบจากภยัพิบตัิ เช่น การลดความรุนแรงของฝนในประเทศ
อินโดนีเซียดว้ยการโปรยสารเพื่อขดัขวางการก่อตวัของเมฆท าใหเ้มฆบางลง (IPB University, n.d.) ศูนยด์ดัแปรสภาพ
อากาศของประเทศจีน ใช้จรวดซิลเวอร์ไอโอไดด์เพื่อบรรเทาความรุนแรงของฝน ในพิธีเปิดงานโอลิมปิคฤดูรอ้น  
ปีค.ศ.2008 ซึ่งพบว่าสามารถลดค่าการสะทอ้นของเรดารไ์ด ้45-60 dBZ และลดฝนในพืน้ที่ใกลเ้คียงกับสถานีดัดแปร
สภาพอากาศได ้(Li et al., 2017)  

ภาคเหนือของประเทศไทยประสบปัญหาอทุกภยัเป็นประจ าแทบทกุปี (มหาวิทยาลยัแม่ฟ้าหลวง, มปป.) ในช่วง
ปลายปี อิทธิพลจากมรสมุตะวนัตกเฉียงใต ้รอ่งมรสมุที่พาดผ่านภาคเหนือและภาคตะวนัออกเฉียงเหนือ และพายโุซนรอ้น
ที่เคลื่อนตวัผ่านประเทศไทยตอนบน ท าใหป้ระเทศไทยตอนบนมีฝนตกหนาแน่น โดยเฉพาะภาคเหนือมีฝนตกหนกัถึงหนกั
มากเป็นระยะ ส่งผลให้เกิดน า้ท่วมฉับพลัน น า้ป่าไหลหลาก และน า้ท่วมขังในหลายพืน้ที่สรา้งความเสียหายทั้งดา้น
เศรษฐกิจ การท่องเที่ยว ภาคการเกษตร กรมฝนหลวงและการบินเกษตรจึงไดท้ าการวิจัยการดดัแปรสภาพอากาศดว้ย
เทคนิคเมฆเย็นเพื่อลดความรุนแรงของฝนในภาคเหนือประเทศไทย โดยมีวัตถุประสงคเ์พื่อศึกษาขั้นตอน วิธีการและ
ประเมินผลการปฏิบตัิการดดัแปรสภาพอากาศดงักล่าว เพื่อใหส้ามารถน าไปประยุกตใ์ชใ้นการปฏิบตัิการเพื่อบรรเทาภยั
พิบตัิที่เกิดจากความรุนแรงของฝนตกหนกัต่อไป 

 
อุปกรณแ์ละวิธีการ 

ลกัษณะภูมิประเทศภาคเหนือของประเทศไทยประกอบไปดว้ยเทือกเขาวางตวัในแนวเหนือ–ใต ้มีพืน้ที่ราบตรง
กลางท าให้มีลักษณะเหมือนแอ่งกระทะ เป็นแหล่งตน้น า้ที่ส  าคัญหลายสาย เช่น ปิง วัง ยม น่าน ท าให้เหมาะแก่การ
เกษตรกรรม มีภูมิอากาศแบบทุ่งหญา้สะวนันา รอ้นชืน้สลับแหง้ ฤดูแลง้มีสองช่วง คือ พฤศจิกายน -กุมภาพนัธ ์อากาศ
หนาวเย็น ฤดูรอ้น ระหว่างเดือนมีนาคม-พฤษภาคม อากาศรอ้นจดั และฤดูฝน ระหว่างเดือนมิถุนายน-ตุลาคมของทกุปี 
ปรมิาณฝนตกเฉล่ีย 1,084 มิลลิเมตร อณุหภมูิเฉล่ีย 24–33 °C  

การปฏิบัติการวิจัยดัดแปรสภาพอากาศดว้ยเทคนิคเมฆเย็นนีด้  าเนินการ ระหว่างวันที่ 10–30 กรกฎาคม พ.ศ. 
2568 โดยมีการตัง้หน่วยดดัแปรสภาพอากาศที่จงัหวดัเชียงใหม่ พืน้ที่ปฏิบตัิการครอบคลมุจงัหวดัเชียงใหม่ (จอมทอง, ดอย
เต่า) พะเยา (เมือง) แพร ่(สอง) ล าปาง (วงัเหนือ) และสโุขทยั (ศรีสชันาลยั) และใชข้อ้มลูเรดารต์รวจอากาศจากสถานีเรดาร์
ฝนหลวง อ าเภอ อมก๋อย จงัหวดัเชียงใหม่ และสถานีเรดารฝ์นหลวง อ าเภอรอ้งกวาง จงัหวดัแพร ่ดงัแสดงใน (Fig. 1)  
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Fig. 1 Location of 6 paired storms in Northern part of Thailand from DRRAA’s radars. 
 

การดดัแปรสภาพอากาศเพื่อบรรเทาความรุนแรงจากฝนตกหนกั ดว้ยเทคนิคเมฆเย็น ไดน้อ้มน าต าราฝนหลวง
พระราชทานในขัน้ตอนที่ 5 ซึ่งคือเทคนิคการโจมตีเมฆเย็นเพื่อเร่งขบวนการตกของฝนสู่พืน้ที่เป้าหมาย เทคนิคนีมุ้่งเนน้
การเรง่กระบวนการเกิดฝนในเมฆคิวมลูสั (Cumulus Stage) ขนาดเล็ก โดยใชว้ิธีการยิงพลซุิลเวอรไ์อโอไดด ์ที่มีคณุสมบตัิ
เป็นแกนน า้แข็ง (Ice Nuclei) ระดบัยอดเมฆซึ่งมีอุณหภูมิต  ่ากว่า -5 °C พลซุิลเวอรไ์อโอไดดจ์ะช่วยใหห้ยดน า้เย็นยิ่งยวด 
(Supercooled Water) เกาะตัวรอบแกนของซิลเวอรไ์อโอไดดแ์ละกลายเป็นผลึกน า้แข็ง จากนั้นผลึกน า้แข็งเหล่านีจ้ะ
รวมตวักนัเป็น เม็ดฝนขนาดใหญ่ขึน้และตกลงมาเป็นฝน ก่อนที่กลุ่มเมฆจะพฒันาเป็นเมฆขนาดใหญ่ที่มีความรุนแรง  

โครงการวิจยัคดัเลือกเมฆคิวมลูสัขนาดเล็กสองกลุ่มที่มีคุณลกัษณะใกลเ้คียงกัน มีค่าการสะทอ้นของเรดารส์งู
กว่า 20 dBz และมีเสน้ผ่านศนูยก์ลางมากกว่า 5 กิโลเมตร กลุ่มเมฆจะถกูคดัเลือกในระยะก่อนเขา้สู่ระยะการเจรญิเติบโต
สงูสดุ (Mature Stage) ท าการสุ่ม (Randomize) กลุ่มเมฆเพื่อปฏิบตัิการยิงพลซุิลเวอรไ์อโอไดด ์(Seeded) โดยเมฆที่ไม่
ปฏิบตัิการ (non-seeded) จะถือว่าเป็นกลุ่มเมฆควบคมุ และคณุสมบตัิของกลุ่มฝนที่เกิดจากกลุ่มเมฆ (Storm property) 
ทัง้สองกลุ่มจะถูกน ามาเปรียบเทียบทางสถิติ ดว้ยวิธีการ Single ratio การปฏิบตัิการยิงพลซุิลเวอรไ์อโอไดด ์ใชเ้ครื่องบิน
วิจยั Super King Air ของกรมฝนหลวงและการบินเกษตร ยิงพลซุิลเวอรไ์อโอไดด ์ท่ีระดบัความสงูประมาณ 22,000 ฟุต 
และอณุหภมูิยอดเมฆอยู่ที่ประมาณ -7 °C ถึง -5 °C รายละเอียดแสดงใน (Figs. 2 – 4) 
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Fig. 2 Conceptual Diagram for Rain Suppression using Cold Cloud Technique. 
 

 
Fig. 3 DRRAA’s Research aircraft model Super King Air 350 equipped with Silver Iodide Flare Rack. 

(A)                                                                                          (B) 

  
Fig. 4 Operation as of 12 July 2025 at Prae Province (A) SKA 2012 Flight Track Sample (B) Rainstorm 
sample 
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โครงการวิจัยสามารถเก็บตัวอย่างไดท้ั้งสิน้ 6 คู่ตัวอย่าง ใชพ้ลุซิลเวอรไ์อโอไดดไ์ปทัง้สิน้ 57 นัด การวิเคราะห์
ผลเปรียบเทียบระหว่าง กลุ่มเมฆที่ท าการทดลอง (seeded) กับกลุ่มเมฆควบคุม (non-seeded) ใชข้อ้มูลเรดารต์รวจ
อากาศฝนหลวง และค านวณตวัแปรคุณสมบตัิกลุ่มฝนดว้ยโปรแกรม Thunderstorm Identification Tracking Analysis 
and Now Casting: TITAN (Dixon and Wiener,1993) ซึ่งเป็น Open source software ในการเปรียบเทียบตวัแปรต่างๆ 
เช่น ช่วงชีวิตของกลุ่มฝน ยอดเมฆสงูสดุ พืน้ท่ีขอบเขตของกลุ่มเมฆสงูสดุ และปรมิาณน า้ฝน 

 
ผลและวิจารณผ์ลการทดลอง 

ผลการทดลองโดยรวมพบว่า กระบวนการยับยั้งการเจริญเติบโตของเมฆโดยการดัดแปรสภาพอากาศดว้ย
เทคนิคเมฆเย็น ท าใหก้ลุ่มฝนที่เกิดจากเมฆที่ท าการทดลองมีระยะเวลาที่ใชใ้นการเจริญเติบโตจนถึงระยะเติบโตสงูสดุ 
(Mature Stage) นอ้ยกว่ากลุ่มฝนควบคุม นอกจากนี ้ขนาดของกลุ่มฝนที่ท  าการทดลองยงัเล็กกว่าทัง้ในแง่ของเสน้ผ่าน
ศนูยก์ลาง ความสงู และช่วงชีวิตของกลุ่มฝน รายละเอียดตามแผนภมูิ (Figs. 5–7) 

 

 
Fig. 5 Comparison of seeded and non-seeded samples’ average Envelope Area (square meters) as a function 
of time (minutes). 
  

 
Fig. 6 Comparison of seeded and non-seeded samples’ average Storm Echo Top (kilometers) as a function of 
time (minutes). 
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Fig. 7 Comparison of seeded and non-seeded samples’ average Rain Volume (cubic meters) as a function of 
time (minutes), 
 

ในดา้นปริมาณน า้ฝน กลุ่มเมฆที่ท าการทดลองมีปริมาตรน า้ฝนน้อยกว่ากลุ่มเมฆควบคุม โดยค่าเฉล่ียของ
อตัราส่วนปรมิาตรน า้ฝนของกลุ่มเมฆที่ไดร้บัการดดัแปรต่อกลุ่มเมฆควบคมุ (Rain Volume Sum, Seed/Non-Seed) อยู่ที่ 
0.66 ซึ่งบ่งชีว้่ากลุ่มเมฆควบคุมที่ไดร้บัการดดัแปรมีปริมาตรน า้ฝนคิดเป็น 66% ของกลุ่มเมฆที่ไม่ไดร้บัการดดัแปร หรือ
ลดลงประมาณ 34% รายละเอียดดงั Table 1 แสดงอตัราส่วนระหว่างคุณสมบตัิของกลุ่มฝนที่เกิดจากกลุ่มเมฆที่ท าการ
ดดัแปรต่อกลุ่มฝนที่เกิดจากกลุ่มเมฆควบคมุ 
 
Table 1 Selected Seeded and non-seeded storm characteristics comparison  

Sample no. Test date Duration 
(hrs) 

Echo Top Max 
(km) 

Envelope Area Max 
(km2) 

Rain Volume Sum 
(m3) 

1 11-July-2025 0.93 1.00 0.53 0.89 
2 12-July-2025 1.19 1.00 1.29 1.31 
3 14-July-2025 0.68 1.17 0.95 0.65 
4 15-July-2025 0.81 0.58 0.23 0.80 
5 29-July-2025 0.26 1.17 0.10 0.08 
6 30-July-2025 0.57 1.08 0.67 0.20 
Average 0.74 1.00 0.63 0.66 

 
การดัดแปรสภาพอากาศแบบเมฆเย็นโดยการยิงพลุซิลเวอรไ์อโอไดดซ์ึ่งมีคุณลักษณะเป็นแกนน า้แข็ง (Ice 

Nuclei) เขา้สู่เมฆเย็นระยะพฒันาตวั (Developing Stage) จะเร่งกระบวนการเกิดน า้แข็งในบริเวณยอดเมฆที่มีความสงู
ประมาณ 22,000 ฟุต เสน้ผ่านศูนยก์ลางประมาณ 5 กิโลเมตร ท าให้เกิดฝนตกก่อนที่เมฆจะเข้าสู่ระยะเติบโตเต็มที่ 
(Mature Stage) ซึ่งอาจมีขนาดเสน้ผ่านศนูยก์ลางไดถ้ึง 15 กิโลเมตร ดงันัน้การท าใหฝ้นตกดว้ยการดดัแปรสภาพอากาศ
ก่อนที่กลุ่มเมฆจะเขา้สู่ระยะเติบโตเต็มที่จึงสามารถช่วยลดความรุนแรงการตกของฝนได ้ 

จากผลการทดลองยืนยันว่าเทคนิคการดัดแปรสภาพอากาศแบบเมฆเย็นโดยใชพ้ลุซิลเวอรไ์อโอไดดส์ามารถ
ยบัยัง้การเจริญเติบโตของกลุ่มเมฆได ้การเร่งกระบวนการเกิดฝนในระยะเมฆคิวมลูสัขนาดเล็ก ท าใหเ้มฆตกเป็นฝนและ
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สลายตัวไปในที่สุด ซึ่งส่งผลใหเ้มฆมีขนาดโดยรวมเล็กกว่า (เสน้ผ่านศูนยก์ลาง ความสูง  ช่วงชีวิต) และปริมาณน า้ฝน
ลดลงอย่างมีนยัส าคญั โดยเฉล่ียแลว้ปริมาณน า้ฝนของกลุ่มเมฆที่ท าการทดลองลดลงประมาณ 34% เมื่อเทียบกับกลุ่ม
เมฆควบคุม เมื่อเปรียบเทียบกบังานวิจยัการลดปริมาณฝนในประเทศอินโดนีเซียของ Seto et al., (2011) ดว้ยวิธีการดดั
แปรสภาพอากาศด้วยเครื่องบินเมฆอุ่นและ Ground Base Generator พบว่าสามารถลดปริมาณฝนได ้15–30% 
การศึกษาการลดปริมาณฝนดว้ยเครื่องบินเมฆอุ่นในประเทศจีนของ Wang et al., (2011) พบว่า หลงัจากปฏิบตัิการ 12 
นาที ค่าการสะทอ้นของเรดารล์ดลงจนนอ้ยกว่า 10 dBZ ความสงูยอดเมฆลดต ่าลงจนถึงประมาณ 3.5 กิโลเมตร และผล
การทดลองของงานวิจยันีส้อดคลอ้งกบั งานวิจยัของ Hiraga et al., (2025) ที่ศึกษาศกัยภาพการลดฝนรุนแรงในประเทศ
ญ่ีปุ่ นดว้ยการจ าลองการเพิ่มแกนน า้แข็งโดยแบบจ าลองเชิงตวัเลข พบว่าสามารถลดพืน้ที่ฝนได ้11.5% และลดปริมาณ
ฝนสงูสดุได ้32%  

อย่างไรก็ตาม การศึกษาพบขอ้จ ากัดที่ส  าคญัคือ วิธีการนี ้สามารถลดความรุนแรงไดเ้ฉพาะกลุ่มฝนบางกลุ่ม
เท่านัน้ ขอ้จ ากัดนีเ้กิดจากจ านวนเครื่องบินที่ใชใ้นการทดลอง ซึ่งมีเพียงเครื่องบิน Super King Air จ านวน 1 ล าเท่านัน้ 
การมีเครื่องบินเพียงล าเดียวจ ากัดขอบเขตและความต่อเนื่องของการปฏิบตัิการ ท าให้ไม่สามารถดดัแปรกลุ่มเมฆขนาด
ใหญ่หรือครอบคลุมพืน้ที่กวา้งไดอ้ย่างมีประสิทธิภาพ ขนาดของเมฆในการดัดแปรสภาพอากาศโดยมากจะพิจารณาที่
ความสงูของเมฆ (vertical extent) โดยเมฆที่มีลกัษณะเป็นเมฆเย็นมกัจะมีความสงูยอดเมฆที่ประมาณ 18,000 ฟุตเป็น
ตน้ไป และมีอุณหภูมิประมาณ -5 องศาเซลเซียสเป็นตน้ไป ส าหรบัเมฆเย็นท่ีมีความสงูยอดเมฆมากกว่า 25,000 ฟุต จะ
ไม่ถูกเลือกส าหรบัการดดัแปรสภาพอากาศโดยเครื่องบินเนื่องจากนิรภยัทางการบิน นอกจากนี ้ในบางวนัไม่สามารถท า
การปฏิบตัิการได ้เนื่องจากสภาพอากาศไม่เอือ้อ านวย เช่น ทอ้งฟ้าปิด มีฝนตกบริเวณ ท่าอากาศยาน เรดารบ์นอากาศ
ยานขดัขอ้ง หรืออปุกรณอ์ากาศยานอื่น ๆ ช ารุด ซึ่งสะทอ้นถึงความทา้ทายในการปฏิบตัิการจรงิ การดดัแปรสภาพอากาศ
เพื่อลดความรุนแรงของฝน นอกจากการใชเ้ครื่องบินแลว้ ยังมีการปฏิบัติการดว้ยจรวดดัดแปรสภาพอากาศ ในพิธีปิด
โอลิมปิกที่ประเทศจีน (Zhou et al., 2023) การปฏิบตัิการดดัแปรสภาพอากาศเพื่อบรรเทาความรุนแรงของฝนตกหนัก 
จ าเป็นตอ้งศกึษาคน้ควา้เพิ่มเตมิ เช่น รูปแบบการปฏิบตัิการ การปฏิบตัิการส าหรบัเมฆอุ่น ปรมิาณการใชส้าร และเงื่อนไข
การตดัสินใจปฏิบตัิการ เป็นตน้ 

 
สรุป 
 การดดัแปรสภาพอากาศเพื่อบรรเทาความรุนแรงจากฝนตกหนกัดว้ยเทคนิคเมฆเย็น โดยการใชพ้ลซุิลเวอรไ์อโอ
ไดด ์(AgI) เพื่อเรง่การเกิดฝนในเมฆคิวมลูสัขนาดเล็ก ไดแ้สดงใหเ้ห็นถึงศกัยภาพในการลดระยะเวลาการเจรญิเติบโตของ
เมฆ ลดขนาดของกลุ่มฝน (เสน้ผ่านศนูยก์ลาง ความสงู ช่วงชีวิต) และลดปริมาณน า้ฝน โดยปริมาณน า้ฝนเฉล่ียของกลุ่ม
เมฆที่ไดร้บัการดดัแปลงลดลงประมาณ 34%เมื่อเทียบกับกลุ่มควบคมุ ผลลพัธน์ีแ้สดงใหเ้ห็นว่าเทคนิคนีส้ามารถช่วยลด
ผลกระทบจากฝนตกหนกั ไดใ้นระดบัหนึ่ง 

จากขอ้จ ากัดที่พบในการทดลองการลดความรุนแรงของฝน โดยใชเ้ทคนิคโจมตีเมฆเย็น วิธีการนีส้ามารถความ
รุนแรงของฝนได ้ประมาณ 1–3 กลุ่มต่อวัน  เนื่องจากการปฏิบัติการถูกจ ากัดดว้ยเครื่องบินที่ใชใ้นการทดลองซึ่งเป็น 
เครื่องบินชนิด Super King Air (SKA) จ านวน 1 เครื่อง แต่จากการสงัเกตและตรวจวดัดว้ยเรดารพ์บว่าบริเวณที่มีฝนตก
หนกัและน า้หลากเกิดขึน้ทางภาคเหนือตอนบน เช่น จงัหวดัเชียงราย จงัหวดัน่าน ฯลฯ กลุ่มฝนที่เกิดขึน้มีมากกว่า 3 กลุ่ม
ขึน้ไป จึงตอ้งเพิ่มจ านวนเครื่องบิน และปรบักระบวนการท างานใหร้วดเร็วก่อนที่เมฆจะพฒันาจนมีขนาดใหญ่  เพื่อขยาย
ผลการท างานและเพิ่มประสิทธิภาพการปฏิบตัิการใหม้ากขึน้ การเพิ่มทรพัยากรจะช่วยใหก้ารด าเนินงานมีประสิทธิภาพ
มากขึน้ในการบรรเทาความรุนแรงของฝนตกหนกัในอนาคต 
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Abstract 

Spinal muscular atrophy (SMA) is an autosomal recessive neurodegenerative disorder caused by the 
deletion of exon 7 in the SMN1 gene, resulting in muscle weakness and atrophy. The American College of 
Obstetricians and Gynecologists (ACOG) recommends SMA carrier screening for all women, especially before 
pregnancy. In this study, 28 DNA specimens from the Human Genetics Laboratory at Ramathibodi Hospital 
were analyzed using the CarrierMaxTM SMN1/SMN2 kit, with prior confirmation by multiplex ligation–dependent 
probe amplification (MLPA). The 1:4 dilution was selected as the optimal screening condition for cost-
effectiveness. The CarrierMax™ kit demonstrated 100% clinical concordance with MLPA among SMA carrier 
samples, with exact concordance in 8 of 12 cases (66.67%) and partial concordance in 4 cases (33.33%). For 
non–carrier samples, clinical concordance was also 100%, with exact concordance in 12 of 16 cases (75.0%) 
and partial concordance in 4 cases (25.0%). No discordant results were observed. These results indicate that 
the CarrierMaxTM SMN1/SMN2 kit is an accurate and rapid option for screening SMA carriers, suitable for routine 
use. 
Keywords: Carrier screening, Multiplex PCR with fragment analysis, Spinal muscular atrophy 
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Introduction  
Carrier screening is a genetic test performed on individuals with no clinical symptoms of a genetic 

disorder, but who may carry a pathogenic allele in a gene associated with that disorder. Providing information 
on carrier screening should be offered to all women who are planning pregnancy or are currently pregnant, to 
enable them to understand their genetic risks and consider family planning options. Carrier screening is optional 
and can be declined by the individual (ACOG committee No. 691, 2017). If one partner is identified as a carrier, 
it is recommended that the other partner also undergo carrier testing to assess the couple’s genetic risk. In 
cases where both partners are carriers of the same genetic disorder, genetic counseling should be provided 
to discuss the risk of having affected offspring, preventive strategies, and available reproductive options, such 
as assisted reproductive technology (ART). 

The American College of Obstetricians and Gynecologists (ACOG) recommends carrier screening for 
certain genetic disorders, including spinal muscular atrophy (SMA), cystic fibrosis, sickle cell anemia, and 
fragile X syndrome (FXS) (ACOG committee No. 691, 2017). This study focuses on SMA, an autosomal recessive 
neurodegenerative disorder characterized by the degeneration of motor neurons in the spinal cord, resulting in 
muscle weakness and atrophy. The incidence of SMA is estimated to be approximately 1 in 10,000 to 20,000 
live births, and the carrier frequency is about 1 in 50, ranging from 1 in 40 to 1 in 60, with the highest prevalence 
observed in Asian populations (Pearn et al., 1978; Verhaart et al., 2017). SMA is caused by mutations in the 
survival motor neuron 1 (SMN1) gene, located on chromosome 5 (5q11.2–13.3), which plays an essential role 
in motor neuron function (Zeng et al., 2008; Prior et al., 2011). Approximately 95% of SMA patients have a 
homozygous deletion of exon 7 in SMN1, resulting in the absence of survival motor neuron (SMN) protein 
production. The lack of SMN protein leads to degeneration and loss of function of the anterior horn cells in the 
spinal cord and motor nuclei in the brainstem (ACOG committee No. 432, 2009). Mutations in the survival motor 
neuron 2 (SMN2) gene, a nearly identical copy of SMN1, differ at specific nucleotides in exon 7 (c.840C>T) and 
exon 8 (c.1155G>A). Although SMN2 can produce SMN protein, it does so at significantly lower levels than 
SMN1. The SMN2 copy number ranges from 0 to 5 in the general population, and the copy number is a 
prognostic indicator of SMA severity (Mailman et al., 2002; Mercuri et al., 2022). 

For SMA carrier screening, real–time PCR and multiplex ligation-dependent probe amplification 
(MLPA) are standard diagnostic and screening methods, with reported specificity of 100% and sensitivity of 
95–98% (Prior et al., 2008). Real–time PCR detects SMN1 mutations for diagnosis and carrier screening; 
however, it does not assess SMN2 copy number, which is clinically relevant for prognosis (Dejsuphong et al., 
2019). MLPA, on the other hand, can simultaneously detect mutations in both SMN1 and SMN2 in a single 
reaction and is widely used in clinical laboratories, although its turnaround time remains a limitation. 

The CarrierMaxTM SMN1/SMN2 reagent kit utilizes multiplex PCR with fragment analysis to amplify 
genomic DNA and separate products by capillary electrophoresis for the detection of SMN1 exon 7 deletions, 
which result in incomplete SMN protein production. The kit also includes primers for determining copy numbers 
of both SMN1 and SMN2, as well as for detecting variants associated with silent carriers (2+0), in which two 
copies of SMN1 are located on the same chromosome. Moreover, the method offers a shorter turnaround time 
than conventional techniques, making it potentially advantageous for carrier screening. 

Therefore, this study aims to validate the CarrierMax™ SMN1/SMN2 reagent kit using multiplex PCR 
with fragment analysis, including silent carrier detection, as an alternative method for SMA carrier screening. 
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Material and Methods 
 
Bio–specimen approval and ethical considerations 

Leftover specimens were obtained with permission from the Human Genetics Laboratory, Department 
of Pathology, Ramathibodi Hospital (Approval No. HG.35/2568). Sample IDs were re-coded to protect patient 
confidentiality. The study protocol was approved by the Human Research Ethics Committee, Faculty of 
Medicine Ramathibodi Hospital, Mahidol University (COA No. MURA2025/567). 
 
DNA sample preparation 

Genomic DNA was extracted from leftover specimens using the PureLink™ genomic DNA mini kit and 
quantified with a NanoDrop™ 2000 spectrophotometer. DNA concentration was adjusted to the recommended 
10 ng/µL, with an OD260/OD280 ratio of 1.7–1.9 to ensure purity. The DNA samples were subsequently 
processed using the CarrierMax™ SMN1/SMN2 reagent kit according to the manufacturer’s instructions. 
 
Optimization of dilution conditions 

To determine the most appropriate reaction setup, both genomic DNA and the CarrierMax™ reagent 
were tested under three dilution conditions: undiluted (1:1), 1:2, and 1:4. Each dilution condition was prepared 
according to the same PCR reaction setup (Table 1): and processed using capillary electrophoresis. 

 
Validation of the CarrierMax™ SMN1/SMN2 reagent kit 

The reagent kit utilizes multiplex PCR, followed by capillary electrophoresis, to analyze SMN1/SMN2 
fragments and detect exon 7 deletions associated with the production of truncated SMN protein. A total of 28 
samples were included 12 known SMA-carriers for sensitivity assessment and 16 non–carriers for specificity 
assessment. 
 
Table 1 CarrierMax™ PCR reaction setup under varying dilution conditions 

Components 
1:1 (µL) 1:2 (µL) 1:4 (µL) 

CNV SNP CNV SNP CNV SNP 
CarrierMax™ SMN1/SMN2 Reagent 2xPCR Reaction buffer 10 10 5 5 2.5 2.5 
CarrierMax™ SMN1/SMN2 Reagent CNV primers mix 0.5 - 0.25 - 0.125 - 
CarrierMax™ SMN1/SMN2 Reagent SNP primers mix - 0.5 - 0.25 - 0.125 
CarrierMax™ SMN1/SMN2 Reagent Taq DNA polymerase 0.4 0.4 0.2 0.2 0.1 0.1 
CarrierMax™ SMN1/SMN2 Reagent Nuclease-free water 8.1 8.1 4.05 4.05 2.025 2.025 
DNA 1 1 0.5 0.5 0.25 0.25 
Total volume 20 20 10 10 5 5 
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Results and Discussion  
 
Optimization of dilution conditions 

All conditions (1:1, 1:2 and 1:4) produced results fully concordant with MLPA, indicating that the assay 
maintained robust analytical performance despite reduced DNA and reagent input. Because the 1:4 condition 
preserved accuracy while significantly increasing the number of samples that could be processed per kit, this 
dilution was selected as the optimal and most cost-effective condition for screening analyses. 
 
Sensitivity and specificity assessment of the CarrierMax™ SMN1/SMN2 reagent kit 

A total of 28 samples were evaluated to assess the clinical performance of the CarrierMax™ 
SMN1/SMN2 reagent kit. Among the 12 confirmed SMA–carriers, the assay demonstrated 100% clinical 
concordance with MLPA. Exact concordance was observed in 8 cases (66.67%), while 4 cases (33.33%) 
showed partial concordance, all of which still aligned with the correct carrier classification. The partial 
concordance observed in some cases is likely attributable to variability in SMN2 copy number (Table 2): which 
serves as a compensatory gene for SMN1. Because SMN1 remains the clinically decisive gene for carrier 
determination, these variations in SMN2 copy number did not affect the final clinical interpretation, resulting in 
correct carrier classification across all samples. For the 16 non–carrier samples, the assay similarly showed 
100% clinical concordance, with exact concordance in 12 cases (75.0%) and partial concordance in 4 cases 
(25.0%). As with the carrier group, partial concordance patterns were attributable to SMN2 variability and did 
not alter the clinical classification outcome. Importantly, no clinically discordant results were observed in either 
group, indicating that the CarrierMax™ reagent kit reliably identified both carrier and non–carrier statuses with 
high accuracy. 

 
In addition, when comparing the CarrierMax™ reagent kit with MLPA, several methodological 

strengths and limitations become evident. CarrierMax™ offers a faster workflow, lower DNA input requirement, 
and more straightforward interpretation for routine carrier screening, making it particularly suitable for high– 
throughput laboratories or settings with limited resources. Its targeted design allows for the reliable detection 
of SMN1 copy–number status, which is a critical determinant for SMA carrier identification. However, MLPA 
remains advantageous for complex or ambiguous cases due to its broader genomic resolution, though it 
requires longer processing time and more technical expertise. Overall, the findings of this study demonstrate 
that CarrierMaxTM can serve as a robust and efficient alternative to MLPA for primary SMA carrier screening, 
with MLPA retained as a confirmatory or problem-solving method when extended genomic characterization is 
required. 
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Table 2 Summary of SMN1/SMN2 copy number determination and clinical concordance between the 
CarrierMax™ SMN1/SMN2 reagent kit and MLPA 

Sample ID 

Copy number by 
CarrierMax™  CarrierMax™ 

classified 

Copy number by 
MLPA MLPA 

classified 
Concordance 

Clinical 
concordance SMN1 

(copy) 
SMN2 
(copy) 

SMN1 
(copy) 

SMN2 
(copy) 

SMN_sesp01 1 2 SMA-carrier 1 2 SMA-carrier Exact True 
SMN_sesp02 1 1 SMA-carrier 1 1 SMA-carrier Exact True 
SMN_sesp03 1 2 SMA-carrier 1 2 SMA-carrier Exact True 
SMN_sesp04 4 1 Non-carrier 4 1 Non-carrier Exact True 
SMN_sesp05 3 0 Non-carrier 3 2 Non-carrier Partial True 
SMN_sesp06 2 2 Non-carrier 2 1 Non-carrier Partial True 
SMN_sesp07 1 5 SMA-carrier 1 3 SMA-carrier Partial True 
SMN_sesp08 2 2 Non-carrier 2 2 Non-carrier Exact True 
SMN_sesp09 3 0 Non-carrier 3 0 Non-carrier Exact True 
SMN_sesp10 2 2 Non-carrier 2 2 Non-carrier Exact True 
SMN_sesp11 2 2 Non-carrier 2 2 Non-carrier Exact True 
SMN_sesp12 1 4 SMA-carrier 1 3 SMA-carrier Partial True 
SMN_sesp13 1 2 SMA-carrier 1 2 SMA-carrier Exact True 
SMN_sesp14 1 3 SMA-carrier 1 2 SMA-carrier Partial True 
SMN_sesp15 2 4 Non-carrier 2 3 Non-carrier Partial True 
SMN_sesp16 2 2 Non-carrier 2 2 Non-carrier Exact True 
SMN_sesp17 1 2 SMA-carrier 1 2 SMA-carrier Exact True 
SMN_sesp18 1 1 SMA-carrier 1 1 SMA-carrier Exact True 
SMN_sesp19 2 2 Non-carrier 2 2 Non-carrier Exact True 
SMN_sesp20 2 2 Non-carrier 2 2 Non-carrier Exact True 
SMN_sesp21 1 2 SMA-carrier 1 2 SMA-carrier Exact True 
SMN_sesp22 3 1 Non-carrier 3 1 Non-carrier Exact True 
SMN_sesp23 4 1 Non-carrier 4 1 Non-carrier Exact True 
SMN_sesp24 4 1 Non-carrier 4 2 Non-carrier Partial True 
SMN_sesp25 1 1 SMA-carrier 1 3 SMA-carrier Partial True 
SMN_sesp26 3 2 Non-carrier 3 2 Non-carrier Exact True 
SMN_sesp27 2 0 Non-carrier 2 0 Non-carrier Exact True 
SMN_sesp28 1 1 SMA-carrier 1 1 SMA-carrier Exact True 
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Abstract 

The emergence of multidrug–resistant Klebsiella pneumoniae has heightened the need for alternative 
antimicrobial agents that can circumvent conventional resistance mechanisms. Antimicrobial peptides (AMPs) 
are attractive candidates, but identifying active sequences experimentally is slow and resource intensive. This 
study presents a machine learning (ML) framework employing physicochemical descriptors to predict AMP 
activity against K. pneumoniae. A curated dataset of 380 peptides was encoded using 31 descriptors 
representing charge, hydrophobicity, amino acid composition, structural propensity, flexibility, and peptide 
architecture. Five supervised algorithms were evaluated through five–fold cross–validation. Random Forest 
produced the most consistent performance (accuracy 94%, precision 98%, specificity 99%, MCC 0.86), while 
a probability–averaged ensemble improved metric stability across folds. To assess real–world applicability, the 
trained model was externally evaluated using 12 independent peptides and showed that the predicted 
probabilities matched all experimental activity labels, highlighting the potential of this model in real–world 
application. Feature interpretation revealed the dominant influence of isoelectric point, net charge, lysine 
composition, and hydrophobic residue attributes consistent with membrane–targeting activity. Collectively, our 
findings indicate that physicochemical descriptor-based modeling provides a reliable and interpretable 
computational strategy for early AMP prioritization against K. pneumoniae. 
Keywords: Antimicrobial peptides, Klebsiella pneumoniae, Machine learning, Physicochemical features. 
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Introduction 
Klebsiella pneumoniae is a major cause of severe nosocomial infections, including pneumonia, 

bloodstream infection, and complicated urinary tract infection. Its clinical relevance has increased due to the 
rapid emergence of carbapenem–resistant and ESBL–producing strains, which significantly limit therapeutic 
options and contribute to elevated morbidity and mortality (Navon–Venezia et al., 2017). The growing tolerance 
to last–line agents such as colistin further underscores the urgency of identifying new antimicrobial strategies 
(Jayol et al., 2017). Antimicrobial peptides (AMPs) have gained substantial attention as alternative agents 
because they exert rapid bactericidal activity through membrane disruption and are less susceptible to the 
classical mechanisms of antibiotic resistance (Hancock and Sahl, 2006). Nevertheless, AMP discovery remains 
constrained by low–throughput wet–lab screening and complex sequence–activity relationships that make 
rational design challenging. Computational approaches offer a practical solution by filtering peptide candidates 
before laboratory evaluation. Machine–learning frameworks, in particular, have shown considerable promise 
when peptide sequences are transformed into physicochemical descriptors that capture charge, 
hydrophobicity, amphipathicity, and structural propensity–key determinants of AMP function (Christopher D et 
al., 2012; Bhadra et al., 2018). However, most available AMP prediction tools are broad–spectrum and do not 
target specific priority pathogens. Many lack external validation, reducing translational confidence, and several 
deep-learning–based models provide limited interpretability, making it difficult to identify which 
physicochemical features influence predictions (Lertampaiporn et al., 2021; Yan et al., 2023). 

This study aims to address these limitations by constructing an interpretable machine learning (ML) 
framework specifically designed to predict AMP activity against K. pneumoniae. The AMP activity against K. 
pneumoniae dataset was constructed from DBAASP (Database of Antimicrobial Activity and Structure of 
Peptides) and APD3 (Antimicrobial Peptide Database 3). By integrating curated physicochemical descriptors, 
multiple classification algorithms including Random Forest, Gradient Boosting, AdaBoost, XGBoost, and 
Support Vector Machine (SVM), dimensionality reduction, cross–validation, and SHAP–based interpretation, the 
framework delivers both robust predictive performance and mechanistic transparency. 

 
Materials and Methods 
 
 Data Collection and Physicochemical Feature Extraction 

Peptide sequences were sourced from the DBAASP and APD3 repositories, with active peptides 
defined by a stringent activity threshold of MIC ≤ 25 µg/mL against Klebsiella pneumoniae. The inactive class 
was constructed from UniProt peptide and protein fragments, excluding any entries annotated with 
antimicrobial, immune-related, cytotoxic, or membrane-active functions. All sequences were standardized to 
single-letter format and subjected to rigorous quality control to remove noncanonical residues and duplicates, 
yielding 380 curated peptides for descriptor computation and model training. External validation employed 
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experimentally confirmed anti–K. pneumoniae peptides–seven with published MIC values (Li et al., 2024) and 
BP76 (López–Siles et al., 2025) –together with a Swiss–Prot–derived negative set lacking any antimicrobial or 
membrane–active annotations. The physicochemical descriptors were generated using a custom Python 
pipeline to convert each peptide sequence into a standardized numerical format for machine-learning analysis. 
The feature set included amino acid composition, sequence length, net charge (from basic and acidic 
residues), hydrophobicity, molecular weight, cysteine count, and the estimated number of disulfide bridges. 
The isoelectric point was approximated using residue pKa values, and secondary–structure propensity was 
encoded by counting residues associated with helix, sheet, and turn formation. 

 

Machine–Learning Algorithms and Model Evaluation 
Five supervised machine–learning algorithms–Random Forest, Support Vector Machine (RBF kernel), 

AdaBoost, Gradient Boosting, and XGBoost–were implemented to construct classification models using the 
scikit–learn Python library. All models were trained using an 80/20 stratified split to preserve class proportions, 
and hyperparameters were tuned through internal grid–search procedures to optimize predictive performance 
while minimizing overfitting. 

To assess the predictive performance of all ML models, we computed standard evaluation metrics 
commonly used in binary classification, including accuracy, precision, sensitivity, specificity, F1 score, the 
Matthews correlation coefficient (MCC), area under the ROC curve (ROC–AUC), and area under the precision 
and recall curve (PR–AUC). All metrics were calculated using the scikit–learn Python library, based on the 
counts of true positives (TP), true negatives (TN), false positives (FP), and false negatives (FN) generated during 
cross–validation. Using these four values, standard performance metrics were computed for each fold. 

 
Results and Discussion 
 
AMP Dataset Classes and Physicochemical Feature Distributions 

We found that the AMP dataset against K. pneumoniae shows a largely imbalanced dataset comprised 
of 27% active AMP and 73% inactive AMP (Fig. 1A). Network–based statistical comparison of physicochemical 
descriptors revealed that only a subset of features showed meaningful differences between active and inactive 
peptides, as shown in Fig. 1B. Active peptides exhibited significantly higher charge, isoelectric point, and 
flexibility (p < 0.05), consistent with the cationic and conformational properties typically associated with 
antimicrobial activity. Molecular weight showed a small but statistically detectable difference favoring slightly 
shorter active peptides. In contrast, hydrophobicity, cysteine content, disulfide bridges, and secondary–
structure propensities (helix, sheet, and turn) did not differ significantly between classes (p > 0.05) (Fig. 1B). 
These results indicate that charge–related and structural–adaptability descriptors are the primary differentiators 
between active and inactive sequences. 
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(A)                                                                  (B) 

 
Fig. 1 Exploratory analysis of dataset composition and feature correlations: (A) Distribution of inactive (red) 
and active (blue) peptides; (B) Spearman correlation network of peptide descriptors (p < 0.05), illustrating 
clusters of positively (blue edges) and negatively (red edges) correlated physicochemical and amino acid 
features. 
 

To examine physicochemical distribution between active and inactive AMPs, we compared the 
distributions of all descriptors and found that the active AMPs showed significantly higher charge, isoelectric 
point, and flexibility (all p < 0.05, Fig. 2). This result indicates that cationic and conformational properties are 
associated with antimicrobial function. A modest but significant difference was observed in molecular weight 
(p < 0.05), while hydrophobicity, cysteine, disulfide bridges, and secondary–structure propensities displayed 
no significant separation between classes (p > 0.05). These findings highlight that electrostatics and flexibility 
are the principal physicochemical descriptor distinguishing active from inactive AMPs. 

 
ML performance 

Beyond individual classifier performance, comparative visualization of ROC and precision–recall 
curves further illustrated the strong discriminative power of the models (Fig. 3). Random Forest consistently 
achieved the highest precision across the full recall spectrum, confirming its superior operating characteristics. 
XGBoost, AdaBoost, and Gradient Boosting showed similarly strong performance, whereas SVM demonstrated 
reduced sensitivity and lower PR–AUC. Importantly, the Random Forest model's robustness was further evident 
during external validation using an independent set of experimentally verified AMPs and curated non–AMP 
sequences. These findings demonstrate that the tree–based ensemble method–particularly Random Forest–is 
best suited for physicochemical descriptors, providing stable and high–confidence predictions of AMP activity.  
Feature–Level Interpretation 

We further interpreted the model using SHAP and Random Forest analyses. The results show that they 
consistently identified isoelectric point, net charge, and flexibility as the strongest positive contributors to AMP 
predictions (Fig. 4A and 4B). Peptides enriched in cationic residues (K, R) and exhibiting greater structural 
adaptability were more likely to be classified as active, reflecting the requirement for strong electrostatic 
attraction and membrane engagement in targeting K. pneumoniae. In contrast, higher molecular weight, acidic 
residues, and longer sequences contributed negatively. These results indicate that peptides with high 
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cationicity and sufficient flexibility represent the key physicochemical profile, most predictive of activity against 
K. pneumoniae. 
Discussion and Conclusion 
 

This study demonstrates that a physicochemical descriptor–based ML framework can accurately 
identify AMPs active against K. pneumoniae, consistent with prior studies emphasizing the importance of 
charge, pI, and structural adaptability in AMP function (Vishnepolsky and Pirtskhalava, 2014; Wang et al., 2022). 
Also, Random Forest was performed best, in agreement with earlier reports, highlighting the strength of 
ensemble approaches for peptide classification (Burdukiewicz et al., 2020; Xiao et al., 2013). Feature–

interpretation analyses further supported established mechanisms, confirming that cationicity and flexibility are 
key contributors to activity against the highly anionic membrane of K. pneumoniae (Yeaman & Yount, 2003), 
while other properties such as cysteine content and secondary–structure bias showed limited predictive value, 
as reported previously (Burdukiewicz et al., 2020; Fjell et al., 2009). Nevertheless, this framework has limitations. 
The curated dataset remains relatively small, potentially limiting generalizability. The exclusive use of 
physicochemical descriptors omits structural or dynamic information, and experimental validation of newly 
predicted peptides was not performed and should be addressed in future work. 

This work demonstrates that a descriptor–based ML framework can reliably identify AMPs active 
against K. pneumoniae. The model showed strong cross–validated and external performance, supported by 
interpretable feature contributions. Overall, the framework offers a transparent tool for AMP discovery, with 
opportunities for expansion through structural and experimental integration. 
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Fig. 2 Physicochemical feature distribution of active and inactive peptides. 

                                                                                  (A)                                                      (B) 

  

Fig. 3 Model evaluation and cross-validation performance of five machine-learning classifiers. 
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                                                                                 (A)                                                                                   (B) 

  
Fig. 4 (A) SHAP summary plot;(B) Permutation importance. 
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Abstract  

Dietary protein is essential for muscle maintenance and overall health, and eggs are a widely 
accessible high–quality source. However, global consumption remains uneven, and public debate about 
cholesterol, diabetes risk, and food safety continues to influence dietary behaviour. This study surveyed 100 
participants to examine perceptions across ten statements on d igestibility, muscle health, chronic disease 
benefits, weight management, and risks related to diabetes, cardiovascular disease, Salmonella, and allergy. 
Overall perceptions were favourable, though teenagers showed significantly lower acceptance than young 
and older adults despite holding similar views on benefits and risks. Gender differences were minimal, and 
preference-based variation was modest, with egg–preferring individuals showing higher acceptance and nut-
preferring participants demonstrating greater sensitivity to risks. These findings suggest that perceptual 
differences arise more from age–specific behaviours and dietary habits than from h ealth beliefs. 
Understanding these patterns can guide targeted nutrition education, particularly for adolescents, and 
support strategies that promote adequate, high-quality protein intake. 
Keywords: Consumer perception, Dietary protein, Egg consumption  
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Introduction  

Dietary protein is essential for maintaining health across all ages. Adequate protein supports muscle 
repair, immune function, metabolic regulation, and tissue maintenance. Amino acids play roles in immunity and 
vascular function. Insufficient intake can impair wound healing, reduce immune response and cause tissue loss, 
while excessive intake may also strain digestion or kidney function (Wu, 2016) .  Higher quality protein improves 
satiety, supports weight management, improves metabolic efficiency and enhances muscle protein synthesis, 
especially benefiting older adults and athletes who have higher protein needs (Park et al., 2022).Meeting protein 
needs with balanced and high–quality sources is crucial for overall health and well–being.  

To further illustrate the importance of dietary protein, research highlights the significant contribution 
of high–quality protein to physiological resilience and long–term health outcomes. Maintaining muscle health 
in older adults depends mainly on sufficient dietary protein. Animal proteins are generally more effective than 
plant proteins in stimulating muscle protein synthesis and consuming up to 1.2 g/kg/day of high-quality protein 
may help prevent sarcopenia (muscle loss), although older adults often face challenges such as reduced 
appetite and difficulty meeting protein requirements (Putra et al., 2021). Sarcopenia is linked to increased risk 
of obesity, diabetes and cardiovascular disease, and amino acids from dietary protein (Baum and Wolfe, 
2015). This emphasis on muscle maintenance in later life provides an important foundation for understanding 
why protein–rich foods, including eggs, have become central to discussions surrounding health, accessibility, 
and dietary choices. Building on the broader importance of protein, global intake patterns show that eggs 
remain a significant yet unevenly distributed protein source. Global egg intake shows substantial regional 
differences, with higher consumption in developed countries and parts of Asia, and lower intake in many low–

income regions. Eggs contribute to multiple health outcomes, including cardiovascular health, growth, and 
overall nutrient adequacy (Zhang et al., 2020 ). Despite being affordable and nutrient–dense, many 
populations, especially in low– and middle–income countries, lack access to eggs. In Sub–Saharan Africa, 
only 40 eggs per capita per year are available, while 265 eggs per year are available in high –income 
countries. Unfortunately, only 12.6% of young children in Africa and 14.7% in India had eaten an egg in a 24–

hour period (a day). They suggest strategies such as improving production, distribution, and affordability to 
enhance universal availability and support maternal and child nutrition (Morris et al., 2018 ). These disparities 
highlight the importance of understanding not only consumption patterns but also the public perceptions that 
influence whether individuals choose eggs as a protein source. This shift from availability to perception 
becomes especially relevant when considering ongoing debates about egg–related health risks. 

While eggs offer nutritional benefits, their consumption has been the subject of long–standing debate 
due to concerns about cholesterol, cardiovascular disease, and other health outcomes. Egg consumption and 
cardiovascular risk have been widely studied. Twenty–three studies (1.4 million participants) were analysed 
and found that eating more than one egg per day was not associated with higher overall cardiovascular 
disease risk (HR = 0.99, 95% CI 0.93–1.06), and higher intake was linked to a lower risk of coronary artery 
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disease (HR = 0.89, 95% CI 0.86–0.93) (Krittanawong et al., 2021). Reviewing RCTs noted that more eggs per 
day can raise LDL cholesterol and the LDL/HDL ratio, cautioning that long -term intake may increase 
cardiovascular risk, especially in susceptible individuals (Li et al., 2020 ). To support interpretation, key 
statistical terms are clarified here. HR stands for Hazard Ratio, which is a measure of risk for an event 
occurring in a specific period. CI stands for Confidence Interval, which is a range of valu es that is likely to 
contain the true value of a statistic, with a 95% CI being common. An RCT is a scientific method used to test 
the effectiveness of an intervention by randomly assigning participants into at least two groups: an 
experimental group that receives the intervention and a control group that receives a placebo or standard 
treatment. LDL cholesterol is low-density lipoprotein, often called “bad” cholesterol. The LDL/HDL ratio is a 
calculation of “bad” (LDL) and “good” (HDL) cholesterol to assess cardiovascular risk. Egg consumption and 
risk of type 2 diabetes have been investigated in several large studies. In 2016, a meta-analysis found that in 
the US population, consuming 3 eggs or more per week was associated with a significantly higher diabetes 
risk (CI 1.21–1.60), while no elevated risk was observed in non-US studies (Djousse et al., 2016). In 2020, it 
was reported that in over 200 000 US participants, each additional egg per day was linked to a 14% higher 
risk of type 2 diabetes after adjusting for diet and lifestyle factors (Drouin-Chartier et al., 2020). These mixed 
findings demonstrate that scientific views on egg-related risks are not uniform, which may contribute to 
uncertainty among consumers. Egg consumption can also lead to health concerns related to both Salmonella 
infection and egg allergy. Salmonella contamination in the US is reported to be very low (0.005%), but 
improper handling, cross-contamination and consumption of undercooked eggs at home significantly increase 
infection risk (Solis et al., 2023). Up to 9% of one-year-old children may have an egg allergy in some 
populations, though 60–75% of children allergic to raw egg can tolerate cooked egg later, highlighting the 
importance of careful dietary management (Dona and Suphioglu, 2020). As a result, public perception is 
shaped not only by scientific evidence but also by food safety concerns and personal experiences. Consumer 
perception plays a critical role in shaping actual dietary behaviour. Even when nutrient -dense foods such as 
eggs are widely available, individual beliefs, risk awareness, and misconceptions strongly influence whether 
people choose to include them in their daily meals. Public debates about cholesterol, diabetes, and allergies 
can amplify confusion, leading some consumers to avoid eggs despite scientific evidence supporting th eir 
nutritional benefits. Understanding these perceptions is therefore essential for improving dietary guidance, 
protein adequacy, and long-term population health. This behavioural dimension leads naturally to the 
recognition that scientific findings alone cannot fully explain consumption trends. 

Although numerous studies have examined the clinical effects of egg consumption including 
cardiovascular outcomes, diabetes risk, and allergy prevalence, far fewer have investigated how different 
demographic groups perceive eggs as a beneficial or risky protein source. Most existing research focuses on 
physiological outcomes rather than psychological, behavioural, or demographic differences in food 
perception. This creates a gap in understanding how age, gender, and personal dietary preferences shape 
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attitudes toward eggs, despite these factors being key determinants of food choice. Recognising these gaps 
highlights the importance of exploring demographic patterns of perception. The literature suggests that food-
related beliefs are influenced by nutritional knowledge, exposure to health information, socio-cultural norms, 
and personal dietary habits. Given that age groups differ in nutritional needs, health awareness, and media 
exposure, their perceptions of eggs may also differ. Similarly, gender-based differences in food attitudes have 
been documented in broader nutrition studies, suggesting a potential influence on protein source preferences. 
In addition, individuals who prefer certain protein sources such as meat, eggs, legumes, or nuts may hold 
different beliefs about the benefits and risks of alternative protein options. These theoretical links justify 
examining age, gender, and preferred protein sources as key variables in this study. These considerations 
collectively demonstrate the need for a perception-focused investigation. Taken together, current literature 
highlights the nutritional importance of eggs and documents ongoing debates regarding their health 
implications. However, much less is known about how different groups within the population i nterpret these 
benefits and risks. Understanding these perception patterns is essential for designing effective nutrition 
education interventions and promoting adequate protein intake. To address these gaps, the present study 
examines how age, gender, and preferred protein sources influence consumers’ perceptions of eggs as both 
a beneficial and potentially risky protein option. 
 
Materials and Methods  
 

Having established the rationale for investigating consumer perceptions, this study is grounded in a 
cross-sectional quantitative survey design, specifically employed to examine diverse consumer perceptions of 
eggs. The study was structured to facilitate comprehensive analysis across key variables, including age 
groups, gender and individuals’ preferred sources of dietary protein. Data was systematically collected from 
all participants through a structured, standardised questionnaire. A total of 100 individuals participated in the 
study through convenience sampling. The sample was categorised into three distinct age groups for 
comparative analysis: teenagers (under 20 years old), young adults (20–45 years old), and older adults (over 
45 years old). The participant sample also included separate categories to account for gender differences in 
perception. These classifications allowed for meaningful subgroup comparisons aligned with the study’s 
objectives. Data collection was done through an online questionnaire distributed via Google Forms. 
Participants provided informed consent prior to participation and confidentiality was assured throughout the 
data collection process. Statistical analyses were conducted using JASP. Descriptive statistics (means and 
standard deviations) were calculated to summarise key variables. ANOVAs were used to compare mean 
differences across age groups, gender and preferred protein sources, followed by Tukey post hoc tests for 
pairwise comparison. Pearson correlation analyses examined relationships between consumption frequency 
or amount and perception scores. Statistical significance was set at p > 0.05 (Guetterman, 2019). 
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Result and Discussion 
 
Descriptive Statistics 

According to Table 1, eggs as a Preferable Protein Source (Statements 1–3): Participants generally 
viewed eggs positively as a protein source. Statement 1 (digestibility) had a mean of 3.88, and Statement 2 
(effectiveness for muscle health) had the highest mean at 3.92, indicating broad agreement that egg protein is 
high quality. Statement 3 (supporting muscle strength in older adults) showed slightly lower agreement (3.60), 
but still above neutral. Overall, respondents tended to favour eggs over other protein sources. Perceived 
Benefits (Statements 4–5): Perceptions of health benefits were moderately positive. Statement 4 (chronic 
disease protection) had a more neutral mean of 3.37, whereas Statement 5 (weight-loss success) showed 
stronger agreement at 3.67. These findings suggest that while participants recognise some benefits, certainty 
is stronger for weight-related benefits than for disease prevention. Perceived Risks (Statements 6–10): Risk 
perceptions were overall low. Statement 6 (diabetes risk) had the lowest mean at 2.32, indicating clear 
disagreement. Cardiovascular-related concerns (Statements 7–8) showed slightly higher but still low agreement 
(2.70–2.79). Food safety and allergy concerns were comparatively higher: Statement 9 (Salmonella) had a mean 
of 2.59, and Statement 10 (egg allergy prevalence) reached 3.11, the highest of the risk items. Overall, 
participants disagreed with most risks, with the exception of mild concern regarding allergies. 

 
Table 1 Descriptive statistics for consumer perceptions of eggs  
Questionnaire Statement Mean SD Min Max 

1. I believe eggs are the most digestible source of protein compared to meat, dairy, or plant 
proteins. 

3.880 0.913 1.000 5.000 

2. I believe egg protein is more effective than plant protein for supporting muscle health. 3.920 1.002 1.000 5.000 

3. I believe eggs are better than meat or dairy at helping older adults maintain muscle strength 
as they age. 

3.600 0.985 1.000 5.000 

4. I believe egg protein can help protect against chronic diseases such as high blood pressure 
and cancer. 

3.370 0.971 1.000 5.000 

5. I believe adding eggs to meal plans can make weight loss more successful. 3.670 1.074 1.000 5.000 

6. I believe egg consumption increases the risk of diabetes. 2.320 1.0 81 1.000 5.000 

7. I believe people at high risk of cardiovascular disease should avoid eating eggs. 2.700 0.927 1.000 4.000 

8. I believe the cholesterol in eggs contributes to cardiovascular disease. 2.790 0.957 1.000 5.000 

9. I believe eating eggs can put consumers at risk of Salmonella infection (a foodborne illness 
that causes diarrhoea). 

2.590 1.026 1.000 5.000 

10. I believe egg allergy is one of the most common food allergies in children. 3.110 1.180 1.000 5.000 
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Age-Based Differences in Perceptions of Eggs 
According to Table 2, eggs as a Preferable Protein Source: Different age groups of consumers 

including teenagers, young adults, and adults, showed significant differences in their understanding and 
choices regarding eggs as a protein source (p < 0.001). Post hoc analysis indicated that teenagers (below 20) 
differed significantly from both young adults and adults (p < 0.001 for both comparisons). Young adults 
expressed the least strong agreement on Statements 1 and 2, with means of 3.41 and 3.46, respectively, 
compared to the other age groups, which showed means greater than 4.00. These results suggest that younger 
respondents are less convinced that eggs are superior to other protein options. 

Perceived Benefits: There was no significant difference in perceived benefits across age groups  
(p > 0.005) for both statements about egg protein protecting against chronic diseases and aiding weight loss. 
Responses across all age groups were generally neutral, with means around 3.00, indicating comparable levels 
of uncertainty or moderate agreement about these health-related benefits. Perceived Risks: For risk-related 
perceptions, no significant differences were observed between the three age groups (p > 0.005). This indicates 
that concerns regarding diabetes, cardiovascular disease, Salmonella, and egg allergy are similar across all 
ages, with no group showing higher or lower perceived risk. Teenager’s weak acceptance of eggs as a protein 
source, despite perceiving similar benefits and risks as adults, suggests the difference is caused by other 
factors. This low acceptance aligns with evidence that adolescent diets, particularly in Western countries, often 
have protein intakes significantly higher than recommendations (Xiong, 2023 and Garcia-Iborra, 2023), yet this 
protein is often sourced from less nutrient dense food. This weak acceptance further emphasizes the need for 
targeted nutrition education to increase positivity of perception into consistent dietary choices (Barrar, 2024). 
The specific lack of egg acceptance in this group may indicate a weak connection between awareness of 
general protein benefits. In contrast, one study in Accra found that younger adults consumed eggs more 
frequently than older adults who avoided them due to some beliefs associated with health concerns, suggesting 
that cultural or historical context can significantly change age-based consumption patterns and habits (Ayim-
Akonor, 2014).  
Gender-Based Differences in Perceptions  

According to Table 3, eggs as a Preferable Protein Source: There was no significant difference 
between males and females in their choices and understanding of eggs as a protein source (p > 0.005). 
However, males tended to show slightly stronger agreement across all three statements. For example, 
Statement 2 had a male mean of 4.17, compared to 3.81 for females. Perceived Benefits: For the two benefit 
statements, there was again no significant difference between genders (p > 0.005). This suggests that both 
males and females hold similar views regarding eggs’ potential protective effects or usefulness for weight 
management. Perceived Risks: Risk-related perceptions also did not differ significantly between genders. 
Nonetheless, both males and females showed higher agreement for Statement 10with mean scores above 3.0, 
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compared with means below 3.0 for the other risk statements. This indicates that allergy concerns are more 
salient than other risks for both genders. 

 
Table 2 Mean perception scores for egg-related statements across three age groups. 

Statement Age group No. Mean SD Min Max 

1 Below 20 39 3.410 0.715 2.000 5.000 

20-45 32 4.250 0.803 2.000 5.000 

Above 45 29 4.103 1.012 1.000 5.000 

2 Below 20 39 3.564 1.046 1.000 5.000 

20-45 32 4.094 0.893 2.000 5.000 

Above 45 29 4.207 0.940 2.000 5.000 

3 Below 20 39 3.308 0.950 1.000 5.000 

20-45 32 3.813 0.896 2.000 5.000 

Above 45 29 3.759 1.057 1.000 5.000 

4 Below 20 39 3.359 0.959 1.000 5.000 

20-45 32 3.219 0.832 1.000 5.000 

Above 45 29 3.552 1.121 1.000 5.000 

5 Below 20 39 3.487 1.097 1.000 5.000 

20-45 32 3.781 0.941 2.000 5.000 

Above 45 29 3.793 1.177 1.000 5.000 

6 Below 20 39 2.487 0.942 1.000 4.000 

20-45 32 2.281 0.924 1.000 4.000 

Above 45 29 2.138 1.382 1.000 5.000 

7 Below 20 39 2.769 0.777 1.000 4.000 

20-45 32 3.000 0.762 1.000 4.000 

Above 45 29 2.276 1.131 1.000 4.000 

8 Below 20 39 3.103 0.788 2.000 5.000 

20-45 32 2.906 0.818 1.000 4.000 

Above 45 29 2.241 1.091 1.000 4.000 

9 Below 20 39 2.821 0.914 1.000 5.000 

20-45 32 2.563 0.840 1.000 4.000 

Above 45 29 2.310 1.285 1.000 5.000 

10 Below 20 39 3.154 1.136 1.000 5.000 

20-45 32 3.094 0.963 1.000 5.000 

Above 45 29 3.069 1.462 1.000 5.000 
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The finding of no statistical difference in egg perception between genders in this survey is consistent 
with some consumption surveys where factors like sex had no marked difference in overall egg consumption 
frequency (Ayim-Akonor and Akonor, 2014). However, this contrasts with other research indicating significant 
gender differences in broader dietary preferences and consumption habits. A population-based survey found 
that men prefer red and processed meat and have significantly higher consumption rates, while women had 
healthier food choices like fruits and vegetables (Feraco et al., 2024). This suggests that while the perception 
of eggs (benefits and risks) may be similar, gender specific meal preferences such as male preference for high 
fat could lead to different consumption rates or roles for eggs in the diet (Aldaz et al., 2022; Feraco et al, 2024). 
Therefore, lack of perceptual knowledge does not account for differences in egg consumption behaviour. 

 
Table 3 Mean perception scores for egg-related statements by gender 

Statement Age group No. Mean SD Min Max 

1 
Male 30 4.000 1.050 1.000 5.000 

Female 70 3.829 0.851 2.000 5.000 

2 
Male 30 4.167 0.986 2.000 5.000 

Female 70 3.814 0.997 1.000 5.000 

3 
Male 30 3.800 0.997 1.000 5.000 

Female 70 3.514 0.974 1.000 5.000 

4 
Male 30 3.767 0.971 1.000 5.000 

Female 70 3.200 0.926 1.000 5.000 

5 
Male 30 3.733 1.081 1.000 5.000 

Female 70 3.643 1.077 1.000 5.000 

6 
Male 30 2.233 1.305 1.000 5.000 

Female 70 2.357 0.979 1.000 4.000 

7 
Male 30 2.500 1.137 1.000 4.000 

Female 70 2.786 0.815 1.000 4.000 

8 
Male 30 2.400 1.070 1.000 4.000 

Female 70 2.957 0.859 1.000 5.000 

9 
Male 30 2.400 1.248 1.000 5.000 

Female 70 2.671 0.912 1.000 5.000 

10 
Male 30 3.100 1.373 1.000 5.000 

Female 70 3.114 1.097 1.000 5.000 

 
Differences Based on Preferred Protein Source 

According to Table 4, eggs as a Preferable Protein Source: There was no significant difference in 
acceptance of eggs across different favourite protein groups. A low correlation emerged between individuals 
who favoured nuts and Statement 2. Notably, participants who preferred legumes or eggs showed a higher 
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mean score of 4.00 for Statement 3, compared with approximately 3.00 among other groups. Post hoc testing 
showed a significant difference between egg-preferring and meat-preferring groups (p < 0.005), indicating that 
protein preference modestly shapes acceptance. Perceived Benefits: Moderate correlations were found for 
participants who preferred nuts, particularly for Statements 4 and 5. Those who preferred nuts and legumes 
also showed higher agreement on Statement 5 (weight-loss benefits), whereas other groups displayed weaker 
correlations and lower means. Perceived Risks: There was no significant difference in risk perceptions across 
favourite protein groups (p > 0.05). However, moderate correlations were observed for nut-preferring 
participants with several risk items (Statements 6, 7, 8, and 9), suggesting that individuals who prefer nuts may 
be somewhat more sensitive to potential risks associated with eggs. 

The comparison between egg preferred and meat preferred reflects self–selection based on 
preference and familiarity. When compared to broader population data, other sources are notably popular. For 
example, in the UK, while meat and meat products contribute the largest percentage of protein intake, cereal 
products (rice, pasta, bread) and dairy are also major contributors, with eggs contributing a smaller, though 
still important percentage (Lonnie et al., 2018). Plant–based sources like legumes, nuts and seeds are 
increasingly popular and are consumed at higher rates by low non-meat eaters (Papier et al., 2019). The finding 
of lower egg acceptance among teenagers highlights a critical area for public health intervention through 
targeted nutrition education. Campaigns should focus on communicating the superior nutritional value of eggs, 
particularly their contribution to micronutrients that are often deficient in adolescent diets, such as Vitamin D 
and iron (Cozma–Petruţ et al, 2021; Zhang et al., 2022). Eggs should be promoted as an affordable, high quality 
protein source that supports healthy weight management and satiety, especially when consumed at breakfast. 
Effective interventions should communicate with teenagers such as linking egg consumption to improved 
academic performance and energy levels (Sato et al., 2022). Although this study provides valuable insight into 
how age, gender, and preferred protein sources shape consumer perceptions of eggs, several limitations must 
be acknowledged. First, the sample size was relatively small (n = 100) and drawn through convenience 
sampling, which limits the generalisability of the findings beyond the surveyed population. The sample was also 
uneven across demographic categories, with certain groups such as dairy-preferring or legume-preferring 
participants being underrepresented, reducing statistical power for subgroup comparisons. Second, data 
collection relied on self-reported perceptions, which may be influenced by social desirability bias, recall bias, 
or limited nutritional knowledge. Third, because the study employed a cross-sectional design, it cannot 
determine causal relationships between demographic factors and perception patterns. Future research should 
therefore aim to use larger, more diverse, and more representative samples to validate these findings across 
different cultural and socioeconomic groups. Longitudinal studies could help track how perceptions evolve with 
age, education, and health experiences. Qualitative methods such as interviews or focus groups may also 
deepen understanding of why teenagers show weaker acceptance of eggs despite recognising similar benefits 
and risks as adults. Expanding future surveys to include knowledge-based questions, dietary habits, and media 
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influence would provide a more comprehensive picture of the behavioural and informational determinants of 
egg consumption. Together, these directions can support more effective, evidence–based nutrition education 
and public health strategies that promote informed, balanced protein choices across populations. 
 
Table 4 Mean perception scores for egg-related statements based on participants’ preferred protein source 

Statement Age group No. Mean SD Min Max 

1 Dairy Products 3 4.000 0.000 4.000 4.000 

Nuts 3 4.000 1.000 3.000 5.000 

Legumes 2 4.500 0.707 4.000 5.000 

Egg 27 4.185 0.786 3.000 5.000 

Meat 65 3.723 0.960 1.000 5.000 

2 Dairy Products 3 3.333 0.577 3.000 4.000 

Nuts 3 3.667 1.155 3.000 5.000 

Legumes 2 3.500 0.707 3.000 4.000 

Egg 27 4.259 0.903 2.000 5.000 

Meat 65 3.831 1.039 1.000 5.000 

3 Dairy Products 3 3.333 0.577 3.000 4.000 

Nuts 3 3.000 1.000 2.000 4.000 

Legumes 2 4.000 1.414 3.000 5.000 

Egg 27 4.000 0.920 2.000 5.000 

Meat 65 3.462 0.985 1.000 5.000 

4 Dairy Products 3 3.333 0.577 3.000 4.000 

Nuts 3 3.333 1.528 2.000 5.000 

Legumes 2 3.500 0.707 3.000 4.000 

Egg 27 3.185 0.962 1.000 5.000 

Meat 65 3.446 0.985 1.000 5.000 

5 Dairy Products 3 3.667 0.577 3.000 4.000 

Nuts 3 4.000 1.732 2.000 5.000 

Legumes 2 4.500 0.707 4.000 5.000 

Egg 27 3.889 1.086 1.000 5.000 

Meat 65 3.538 1.062 1.000 5.000 

6 Dairy Products 3 2.667 1.528 1.000 4.000 

Nuts 3 3.000 1.732 2.000 5.000 

Legumes 2 2.500 0.707 2.000 3.000 

Egg 27 2.333 1.209 1.000 5.000 

Meat 65 2.262 1.004 1.000 4.000 

       



 สาขาวิทยาศาสตรส์ขุภาพ 

 

 35 

 Table 4 continued  

Statement Age group No. Mean SD Min Max 

7 Dairy Products 3 3.000 0.000 3.000 3.000 

 Nuts 3 2.000 1.000 1.000 3.000 

 Legumes 2 1.500 0.707 1.000 2.000 

 Egg 27 2.852 0.864 1.000 4.000 

 Meat 65 2.692 0.951 1.000 4.000 

8  Dairy Products 3 3.333 0.577 3.000 4.000 

Nuts 3 2.000 1.000 1.000 3.000 

Legumes 2 2.000 0.000 2.000 2.000 

Egg 27 2.963 0.854 1.000 5.000 

Meat 65 2.754 1.000 1.000 5.000 

9 Dairy Products 3 2.667 0.577 2.000 3.000 

Nuts 3 2.000 1.000 1.000 3.000 

Legumes 2 1.000 0.000 1.000 1.000 

Egg 27 2.778 0.892 1.000 4.000 

Meat 65 2.585 1.074 1.000 5.000 

10 Dairy Products 3 3.000 0.000 3.000 3.000 

Nuts 3 2.667 0.577 2.000 3.000 

Legumes 2 2.000 0.000 2.000 2.000 

Egg 27 3.000 1.144 1.000 5.000 

Meat 65 3.215 1.244 1.000 5.000 

 
Conclusion 

This study examined how age, gender, and preferred protein sources shape consumer perceptions 
of eggs as a beneficial yet potentially risky protein option. While participants generally viewed eggs 
favourably, significant age-based differences emerged, with teenagers showing weaker acceptance despite 
perceiving similar benefits and risks as adults. Gender differences were minimal, and preferences for specific 
protein sources contributed only modest variation in perception. These findings suggest that demogra phic 
influences on egg perception are driven more by dietary habits, behavioural patterns, and familiarity than by 
health-related beliefs. Given the nutritional value and accessibility of eggs, particularly as a high -quality 
protein source, targeted nutrition education, especially for adolescents, may help strengthen informed food 
choices and promote adequate protein intake. The study highlights the importance of understanding 
consumer perception to support effective dietary guidance and public health strategies. 
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Abstract 
 This study presents the design, implementation, and validation of a fully integrated, embedded 
arrhythmia pattern detection system using electrocardiogram (ECG) signals for real time, portable ECG 
monitoring. While leveraging a clinically validated QRS detection methodology, the primary contribution of this 
work lies in its low power embedded implementation and holistic system integration. Arrhythmia detection 
algorithms are trained and validated using public benchmark ECG databases (MIT-BIH arrhythmia database), 
while the system performance is evaluated by analyzing ECG records from these datasets. Classification 
performance is evaluated using sensitivity, precision, F1-score, and confusion matrices, while system-level 
performance is measured in terms of detection latency and power consumption. The embedded system 
achieves high arrhythmia detection performance—with F1 scores of 93.78% for healthy sinus rhythm, 89.51% 
for premature ventricular contractions (PVC), 90.86% for ventricular tachycardia (VT), and 94.85% for atrial 
premature complexes (APC). The F1-score, which balances sensitivity and precision into a single metric, proves 
robust detection across both normal and abnormal rhythms. Critically, at the system level, the implemented 
system demonstrates low detection latency and minimal power consumption, key metrics for wearable 
deployment. This work therefore bridges the gap between algorithm validation and practical application, 
integrating clinically validated detection algorithms with portable, low-cost hardware into a functional cardiac 
monitoring pipeline. 
Keywords: arrhythmia detection, detection algorithms, ECG monitoring, embedded system, F1-score 
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Introduction          
 Arrhythmia is a condition classified as an abnormal or irregular heart rhythm, caused by the electrical 
signal problem, leading to insufficient blood circulation and life-threatening diseases, such as, stroke, heart 
failure and cardiac arrest (National Heart, Lung, and Blood Institute, 2022). There is an overall decrease in the 
cardiovascular mortality rate from 681.8 per 100,000 in 1999 to 423.2 per 100,000 in 2023. Alternatively, there 
is a rise in arrhythmia-related mortality from 111.4 per 100,000 to 137.3 per 100,000 during the same period 
(Azeem et al., 2025). This divergent trend highlights the growing burden of arrhythmia as a critical public health 
concern. Electrocardiogram (ECG) is an initial step for suspected patients with arrhythmias to be diagnosed. 
However, it is often too late as patients perhaps have developed paroxysmal arrhythmia—temporary irregular 
heartbeat condition (Desai and Hajouli, 2023). This challenge is particularly often in low- and middle-income 
countries, where limited clinical expertise and healthcare infrastructure are barriers to healthcare access, 
contributing to higher mortality rates (Garg et al., 2024). Critically, 70% of delayed diagnosis can result in the 
harmful and irreversible consequences of cardiac dysfunction and elevated mortality risk. Therefore, an early 
diagnosis is essential to prevent progressive cardiac deterioration (Hoogendoorn et al., 2020).   
 Conventional ECG systems are largely confined to hospitals and specialized clinics, relying on 
expensive equipment and trained professionals, which limits continuous monitoring and prevents timely 
detection of intermittent arrhythmic events. As a result, many patients only receive a diagnosis after symptoms 
worsen or complications occur. To solve the disparity problem, low-cost and portable ECG devices with reliable 
algorithms are a solution by enabling continuous monitoring in daily life and improving accessibility. However, 
to ensure clinical relevance, such systems must be confirmed against clinically annotated ECG databases, 
which serve as the gold standard for evaluating arrhythmia detection accuracy and reliability. While many 
accurate arrhythmia detection algorithms have been established in software, their translation into reliable, low-
power, and real-time embedded systems presents a distinct engineering challenge. The gap lies not in 
algorithmic design but in practical, optimized implementation for constrained hardware.   
 This study therefore aims to develop and validate a fully embedded arrhythmia detection system using 
clinically annotated ECG databases and real-time measurements to evaluate the critical system-level metrics. 
 
Materials and Methods 
 
Study Design 
 This experimental study focused on the development and evaluation of a custom QRS detection 
algorithm, capable of accurately identifying cardiac beats across both normal and pathological rhythms. The 
validation was conducted using two complementary ECG data sources: (1) normal sinus rhythm recordings 
obtained from a AD8232-based acquisition system, and (2) a selection of arrhythmia signals from the 
benchmark MIT-BIH Arrhythmia Database. This dual-source approach ensured the algorithm was tested under 
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both controlled conditions and clinically representative complex scenarios, with the primary goal of validating 
the integrated pipeline for monitoring applications. 
 
Data Acquisition and Sources 
 For normal rhythm data, an AD8232 analog front-end ECG sensor module was employed. The system 
was configured in a standard Lead I setup, with signals continuously sampled at set frequency to align with 
clinical standards. A total of four recordings, approximately five minutes in duration, were collected from healthy 
subjects, providing a baseline dataset characterized by high signal quality and stable morphology for 
processing chain. 
 To comprehensively assess performance under arrhythmic conditions, 27 records were systematically 
selected from the MIT-BIH Arrhythmia Database. This database is gold standard in electrocardiography 
research, containing 48 half-hour, two-channel ambulatory ECG recordings, each annotated by cardiac 
experts. The selected records represented three key arrhythmia categories: Premature Ventricular Contractions 
(PVCs: records 102, 105, 106, 107, 109, 200, 208, 217), Ventricular Tachycardia (VT: records 106, 200, 203, 
205, 207, 215, 217, 221), and Atrial Premature Complexes (APCs: records 100, 101, 118, 200, 209, 223, 232). 
All MIT-BIH signals were used at their frequency sampling rate to maintain consistency with the AD8232 data 
and preserve original signal fidelity. The quantitative performance metrics reported in this study are exclusively 
derived from this clinically annotated database. 
 
Signal Characteristics and Processing Algorithm 
 A normal sinus rhythm ECG waveform, as processed by this system, consists of a repeating sequence 
of deflections corresponding to the electrical activity of the heart. Key features include the QRS complex 
(ventricular depolarization), and R-peak, which is used to calculate the heart rate and rhythm regularity. The 
implemented detection algorithm follows a three-stage pipeline First, processing raw ECG signals underwent 
an amplitude of normalization to standardize signal levels across different recordings. Subsequently, a 
bandpass filter with cutoff frequencies of 5 Hz and 15 Hz was applied to reduce baseline wander and high-
frequency noise. Finally, a derivative filter was used to highlight the steep slopes of the QRS complexes, making 
them more distinct from other waveform components. 
 Adaptive Threshold Detection is a dynamic detection scheme, which was implemented to handle 
variations in signal amplitude and morphology. Within a moving 200-millisecond analysis window, an adaptive 
threshold was calculated based on the local signal statistics. This threshold was set as the sum of the window's 
mean amplitude and a proportion of its standard deviation, with the proportionality constant empirically set to 
0.6. Potential QRS complexes were identified when the preprocessed signal exceeded this locally computed 
threshold. A mandatory 200-millisecond refractory period was enforced after each detection to prevent multiple 
triggers from a single heartbeat. 
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 R-Peak Localization and Heart Rate Calculation: Each threshold-crossing event marked an 
approximate QRS region. To pinpoint the exact R-peak, a local maxima search was conducted within a narrow 
window centered on the initial detection. The sample with the highest amplitude within this search window was 
designated as the final R-peak. Consecutive R-peaks were used to compute R-R intervals, from which the 
instantaneous heart rate in beats per minute was derived (HR=60/R-R intervals). 
 
Performance Evaluation 
 Algorithm performance was quantitatively assessed by comparing its automatically detected R-peaks 
against the expert reference annotations provided with the MIT-BIH database. For the AD8232 recordings, initial 
validation was performed via visual inspection to ensure rhythm consistency. Standard detection metrics were 
calculated based on counts of true positives (TP), false positives (FP), and false negatives (FN). Sensitivity, 
measuring the proportion of the true beats correctly identified was calculated using Equation 1; precision, 
measuring the proportion of detections that were true Beatles, was calculated using Equation 2: F1-score, 
providing a single balanced metric, was calculated using Equation 3: 

          Sensitivity=
TP

(TP+FN)
                                                                                                            (1)        

          Precision=
TP

(TP+FP)
                                                                                                              (2)  

          F1-score=2×
Precision×Sensitivity
Precision+Sensitivity

                                                                                      (3)           

 
Ethical considerations  
        

  
Fig. 1 ECG signal processing and R-peak detection workflow  
 
 This study exclusively anonymized and publicly available data. The AD8232 recordings contained no 
personal identifiers, and the MIT-BIH Arrhythmia Database is a de-identified resource explicitly approved for 
research use. No new human participants were recruited, ensuring full compliance with ethical standards for 
secondary data analysis in biomedical engineering research. There is no institutional review board approval 
that was required due to exclusive use of anonymized public data. 
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Statistical analysis 
 Descriptive statistics, expressed as mean ± standard deviation, were calculated for all performance 
metrics, including sensitivity, precision, F-1 scores and estimated heart rate across each cardiac rhythm group 
(Normal Sinus Rhythm, PVC, VT, and APC). This analysis allowed for a clear evaluation of the algorithm's 
consistency and robustness under varying physiological and pathological conditions. 
 
Results and Discussion  
         
 Table 1 provides a quantitative comparison of the custom QRS detection algorithm's performance 
across healthy sinus rhythm and three simulated arrhythmia classes derived from the MIT-BIH Arrhythmia 
Database. For healthy sinus rhythm (n=4 records), the algorithm demonstrated robust detection with a 
sensitivity of 95.14% ± 5.34% and precision of 92.73% ± 9.62%, estimating heart rate at 80.58 ± 7.55 BPM. 
These results are competitive with established rule-based detectors such as Pan-Tompkins and Hamilton when 
applied to clean, normal ECG segments (Pan and Tompkins, 1985; Hamilton, 2002). 
 
Table 1 Comparison of custom ECG algorithm performance on healthy people data versus simulated arrhythmia 
waveforms from the MIT-BIH database 

*Mean±SD in the same column 
 
 Notably, precision remained strong across all arrhythmia classes: 94.26% ± 13.50% for premature 
ventricular contractions (PVC, n=8 records), 90.33% ± 12.61% for ventricular tachycardia (VT, n=8 records), 
and 94.83% ± 13.67% for atrial premature complexes (APC, n=7 records). Sensitivity showed class-dependent 

Performance metrics Healthy sinus 
rhythm 

(n=4 records) 

Premature 
ventricular 

contractions (PVC) 
(n=8 records) 

Ventricular 
tachycardia 

(n=8 records) 

Atrial premature 
complexes 

(APCs) (n=7 
records) 

Estimated BPM 80.58±7.55 72.74±10.60 105.00±20.86 82.90±9.32 

True Positive (TP)  10.25±1.71 25.75±11.81 36.88±17.88 34.43±13.24 

False Positives (FP) 0.75±0.96 0±0 4.75±6.59 2.43±6.35 

False Negatives (FN) 0.50±0.58 6.13±12.28 3.25±1.98 1.00±1.53 

Sensitivity (%) 95.14±5.34 85.29±25.81 92.39±5.05 96.20±13.67 

Precision (%) 92.73±9.62 100±0 90.33±12.61 94.83±13.67 

F1-score (%) 93.78±6.57 89.51±21.11 90.86±7.65 94.85±7.91 
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variation: highest for APC (96.20% ± 5.21%), followed by normal rhythm, VT (92.39% ± 5.05%), and PVC 
(85.29% ± 25.81%). The substantial standard deviation in PVC sensitivity indicates greater detection variability 
for this arrhythmia type. Heart rate estimation was most consistent for normal rhythm and APC (82.90 ± 9.32 
BPM), while VT showed the widest range (105.00 ± 20.86 BPM), reflecting the clinical spectrum of this 
tachyarrhythmia. These results should be interpreted as preliminary due to the limited sample sizes per class, 
and further validation on larger datasets is recommended to establish generalizability. 
 

 
Fig. 2 Signal quality metrics 
 
 The signal quality assessment (Fig. 2) shows a high Signal-to-Noise Ratio (SNR) of 21.8 dB and a 
dynamic range of 2321.0 µV, confirming excellent signal fidelity in the test recordings, which contributes to the 
strong performance metrics observed (Satija et al. 2018). 
 Figure 3 shows one representative example of VT detection, where the algorithm correctly identified 
R-peaks within a ventricular tachycardia episode at a rate matching the target 118.5 BPM, despite the 
characteristically widened QRS morphology. This example visually validates the algorithm's ability to track rapid 
ventricular rhythms and illustrates its consistent detection behavior across multiple test case. The high 
performance in PVC detection is particularly noteworthy, given the widened QRS complexes and altered 
morphology typical of abnormal ventricular rhythms, which often challenge conventional amplitude-based 
detectors (Kohler et al., 2002).  
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Fig. 3 Representative example of VT detection. 
 
Limitations of the study           
 A key limitation of this validation approach is its reliance on a public dataset of simulated arrhythmias, 
which does not capture the demographic diversity or complex physiological variations of real-world patient 
populations.  
      
Recommendation for future work         
 Future research should focus on a large-scale validation involving a diverse cohort, including 
individuals with known cardiovascular conditions, to rigorously test the system's diagnostic capability and 
robustness. The hardware should be developed into a wearable form factor for long-term, ambulatory 
monitoring outside laboratory settings. Finally, the algorithm must be expanded to incorporate multi-lead ECG 
recording and advanced machine learning models to improve the detection and classification of a wider range 
of cardiac arrhythmias. 
 
Conclusion 
 This research validated a custom QRS detection algorithm that accurately identifies normal rhythm and 
three arrhythmia types, achieving perfect precision for PVC and APC detection and F1-scores 
approximately90% across all classes. The results demonstrate a reliable, accessible pipeline suitable for low-
cost cardiac monitoring. 
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Abstract 

Prothrombin time (PT) activated partial thromboplastin time (APTT), thrombin time (TT), and fibrinogen 
are initial investigations for secondary hemostasis assessment by evaluating fibrin clot formation. Thus, they 
can be collectively referred to as clot-based assays. Photo-optical detection is an analytical method deployed 
by most laboratories. It measures the changes in light transmission during clot formation. Despite its 
popularity, this method is susceptible to hemolysis as the release of hemoglobin giv es plasma a red color. 
Additionally, hemolysis releases several substances that trigger premature clot formation, leading to 
inaccurate results. This study aims to investigate the impact of different levels of hemolysis on clot -based 
assay results and identify the concentration of free Hb that could interfere with clot–based assay results. 
Finally, the study intends to verify how the hemolysis levels specified by the manufacturer interfere with the 
clot-based assay results. The findings from this study are expected to reduce the specimen rejection rate, 
which, in turn, minimize complications and unnecessary costs associated with repeated blood collection. 
Keywords: Analytical interference, Clot–Based Assays, Hemolysis, Photo–Optical Detection, Specimen 
rejection,  
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Introduction 
Activated partial thromboplastin time (APTT) is a laboratory parameter for identifying and monitoring 

coagulation disorders (Ignjatovic, 2013). It can be measured using a photo–optical technique, which detects 
the changes in optical density or light transmission during clot formation (Lippi et al., 2008; Lippi and Favaloro, 
2018). Thus, abnormal plasma colors, namely icterus, lipemia, and hemolysis, can affect the test accuracy  
(Agarwal et al., 2015).  

Hemolysis is the most common cause of sample rejection in clinical laboratories, accounting for up to 
60% of rejected specimens, and in most cases, it occurs in the pre–examination stage (Lippi et al., 2008; 
Simundic et al., 2010; Simundic et al., 2020). Hemolysis impacts test results through both mechanical and 
biological mechanisms (Lippi et al., 2013). Mechanically, the release of hemoglobin from ruptured red blood 
cells into the plasma alters its color, interfering with light absorption during photo–optical detection, particularly 
at wavelengths between 400–450 nm, as demonstrated in Fig.1 (Nougier et al., 2020).  

 

 
Fig. 1 The relationship between wavelength and light absorption of pigment that causes abnormal plasma color, 
including hemoglobin (solid line), causing interference in light absorption in the 400–450 nm wavelength range. 
Icterus (short dashed line) causes light absorption interference in the 400–500 nm wavelength range. Lipemia 
(long dashed line) interferes at shorter wavelengths, with reduced interference at longer wavelengths. 

 
Biologically, substances released from red blood cells, such as tissue factors, phospholipids, and 

various enzymes, can prematurely activate the coagulation cascade, leading to inaccurate results (Lippi et al., 
2013). Due to interference with light absorption, the detector used in the CN -3000™ Automated Blood 
Coagulation analyzer has a multi-wavelength detection system to minimize such impact. Wavelengths used to 
measure each test comprise primary and secondary wavelengths.  The primary wavelength is the mainstay for 
measurement. However, when the hemolysis-icterus-lipemia (HIL) level exceeds its acceptable threshold, the 
analyzer will switch to the secondary wavelength, which is interfered less and renders a more accu rate 
measurement. 
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This study aims to: 1) verify how the hemolysis levels specified by the manufacturer interfere with the 
APTT result, 2) investigate the effect of exposure time to free hemoglobin (Hb) on the APTT result, and 3) 
explore whether the multi-wavelength detection system reduces the erroneous result caused by hemolysis. 
The findings of this study are expected to reduce unnecessary sample rejections, minimize the need for 
repeated blood draws, and enhance the efficiency of laboratory testing. Moreover, the study wi ll help ensure 
accurate diagnostic results, contributing to improved patient care and treatment outcomes. 
Materials and Methods  
 

This is an experimental design study. This study used ten pooled leftover platelet-poor plasma (PPP) 
samples collected in 3.2% sodium citrate tubes from routine clinical testing in the Hematology Laboratory. The 
inclusion and exclusion criteria are detailed below:  

Inclusion criteria  

• No history or symptoms of bleeding disorders, and 

• No use of anticoagulant or antiplatelet drugs within 14 days prior to sample collection and 

• Normal PT, APTT, TT, and fibrinogen test results 

Exclusion criteria 

• Clotted specimen, or 

• Hemolysis, lipemic, and icteric specimen or 

• Insufficient sample volume or 

• Unable to separate and store plasma within 2 hours after sample collection 
This study has been reviewed and approved by the Human Research Ethics Committee, Faculty of 

Medicine Ramathibodi Hospital, Mahidol University, complying to the Declaration of Helsinki, The Belmont 
Report, CIOMS Guidelines, International Conference on Harmonization in Good Clinical Practice (COA No. 
MURA2024/809). 
 
Sample preparation 

Each plasma sample was pooled from 3 leftover citrated PPP. Hemolysate plasma was prepared by 
pooling packed red cells from the same subjects and stored at -20°C for one hour. After that, it was thawed at 
37°C for 5 minutes, centrifuged at 1,920 g for 10 minutes, the supernatant was then collected, and measure 
hemoglobin concentration on Mindray BC-6000 series hematology analyzers (Shenzhen Mindray, China). 
Hemolysate plasma was spiked into the PPP to create hemoglobin concentrations of 0 mg/dL, below 600 
mg/dL, above 600 mg/dL, below 1,000 mg/dL, and above 1,000 mg/dL. The 600 mg/dL concentration 
represents the threshold where the manufacturer indicates interference with the APTT, and the 1,000 mg/dL 
concentration occurs in severe hemolysis. Then measure free Hb with HemoCue® Plasma/Low Hb System 
(HemoCue AB, Sweden). The preparation procedure was illustrated in Fig 2. 
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Fig. 2 The sample preparation procedure Abbreviations: PPP–platelet poor plasma, min–minutes, RBC–red 
blood cells, h-hour, Hb–hemoglobin 

 
APTT was determined using the CN-3000™ Automated Blood Coagulation analyzer (Kobe, Japan) 

with Dade® Actin® FS Activated PTT Reagent (Siemens Healthineers, Germany). The primary and secondary 
wavelengths for APTT testing were set at  660 nm and 800 nm, respectively, as per the manufacturer's 
guidance. APTT measurement was performed at 0 minutes and 60 minutes after adding hemolysate plasma.  

A comparison of values across Hb concentrations and time points to assess interference effects was 
analyzed. Acceptable criteria of APTT results were calculated according to the Fraser formula as stated in the 
CLSI guideline C56–A. So, an acceptable difference was within ± 6.86%.  

 
Results and Discussion  
 

Identification of the concentration of free Hb that interferes with clot -based assay results by using 
photo-optical detection as well as evaluation of the effect of exposure time to free hemoglobin (Hb) on clot -
based assay results, was carried out  

For the primary wavelength, at 0 minutes, the difference for the primary wavelength at a Hb 
concentration of less than 600 mg/dL ranged from –3.98% to –0.58%, while at greater than 600 mg/dL, the 
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difference was –4.87% to -0.38%. For the less than 1,000 mg/dL, the difference ranged from –6.18% to 0.20%, 
while at greater than 1,000 mg/dL the difference was –5.99% to 0.82%. When these differences were 
compared against the acceptable criteria, it was found that all values were within the acceptable range. On 
the other hand, at 60 minutes, the difference at a Hb concentration of less than 600 mg/dL ranged from 3.33% 
to 23.01%, while at greater than 600 mg/dL the difference was 4.70% to 21.59%. For the less than 1,000 
mg/dL, the difference ranged from 4.50% to 24.03%, while at greater than 1,000 mg/dL, the difference was 
9.20% to 27.90%, as shown in Table 1. 

 
Table 1 The percentage difference of the APTT result compared with the baseline measured by primary 
wavelength. The result that exceeded the acceptable bias results was colored red. 

 
Regarding the secondary wavelength, at 0 minutes, the difference at a Hb concentration of less than 

600 mg/dL ranged from –4.24% to –0.41%, while at greater than 600 mg/dL, the difference was –4.97% to –
0.20%. For the less than 1,000 mg/dL the difference ranged from –6.63% to 0.41%, while at greater than 1,000 
mg/dL the range was –6.46% to 0.81%. When these differences were compared against the acceptable 
criteria, it was found that nine out of ten values were within the acceptable range. Conversely, at 60 minutes, 
the percentage of difference at a Hb concentration of less than 600 mg/dL ranged from 3.68% to 22.98%, 

Sample  

Difference of APTT result (%) 

Exposure time to free Hb: 0 min Exposure time to free Hb: 60 min 

Hb <600 
mg/dL 

Hb >600 
mg/dL 

Hb 
<1,000 
mg/dL 

Hb 
>1,000 
mg/dL 

Hb <600 
mg/dL 

Hb >600 
mg/dL 

Hb 
<1,000 
mg/dL 

Hb 
>1,000 
mg/dL 

1 -3.98 -4.36 -3.79 -3.60 3.33 4.70 4.50 9.20 
2 -1.13 -1.32 -1.69 -2.26 12.17 15.17 14.42 15.73 
3 -0.82 -0.61 -0.20 0.41 23.01 21.59 24.03 27.90 
4 -1.23 -0.61 0.20 0.82 9.24 11.09 11.91 12.53 
5 -0.58 -0.38 -0.38 0.00 11.24 11.05 10.67 12.95 
6 -2.28 -1.90 -1.52 -0.95 14.67 9.14 14.29 16.19 
7 -0.99 -0.79 -0.40 0.40 11.83 14.79 14.99 14.99 
8 -3.93 -4.87 -6.18 -5.99 9.20 10.37 11.15 11.15 
9 -1.88 -2.08 -2.08 -1.88 10.73 11.80 12.23 13.95 
10 -2.45 -3.06 -3.67 -2.24 9.68 10.95 10.74 10.95 

MAX -0.58 -0.38 0.20 0.82 23.01 21.59 24.03 27.90 
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while at greater than 600 mg/dL the range was 4.26% to 22.38%. For the less than 1,000 mg/dL, the difference 
ranged from 4.65% to 23.79%, while at greater than 1,000 mg/dL, the range was 9.69% to 28.63%, as shown 
in Table 2. 
 
Table 2 The percentage difference of the APTT result compared with the baseline measured by secondary 
wavelength. The result that exceeded the acceptable bias results was colored red. 

 
Hence, this study demonstrated that the interference of free Hb is time–dependent. At 0 minutes, 

even samples with free Hb levels greater than 1,000 mg/dL did not produce a significant effect on APTT 
results. In contrast, at 60 minutes, even a hemolysis level less than the manufacturer -indicated threshold 
caused a significant prolongation of APTT, which could not be alleviated by the multi -wavelength detection 
system.  
 
Conclusion  
 

The duration for which a sample is exposed to hemolysis has a greater impact on APTT results than 
the degree of hemolysis itself. In addition, the erroneous result cannot be corrected by the multi -wavelength 

Sample  

Difference of APTT result (%) 

Exposure time to free Hb: 0 min Exposure time to free Hb: 60 min 

Hb <600 
mg/dL 

Hb >600 
mg/dL 

Hb 
<1,000 
mg/dL 

Hb 
>1,000 
mg/dL 

Hb <600 
mg/dL 

Hb >600 
mg/dL 

Hb 
<1,000 
mg/dL 

Hb 
>1,000 
mg/dL 

1 -3.94 -3.94 -3.75 -3.38 3.68 4.26 4.65 9.69 
2 -1.30 -1.49 -1.86 -2.05 12.80 15.21 14.84 16.33 
3 -0.41 -0.41 0.00 0.41 22.98 22.38 23.79 28.63 
4 -0.41 -0.20 0.41 0.81 9.39 11.02 12.04 13.06 
5 -0.95 -0.57 -0.76 0.00 10.92 10.17 10.73 13.37 
6 -2.26 -2.07 -1.50 -0.94 14.91 8.87 14.34 16.79 
7 -0.98 -1.17 -0.78 0.39 11.91 15.04 15.43 15.63 
8 -4.24 -4.97 -6.63 -6.45 9.28 10.25 11.61 11.22 
9 -1.45 -2.07 -1.86 -1.86 11.73 11.73 13.01 14.71 
10 -2.24 -2.85 -2.64 -2.24 9.38 10.42 11.67 11.04 

MAX -0.41 -0.20 0.41 0.81 22.98 22.38 23.79 28.63 
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detection system. Consequently, specimens with a significant level of free hemoglobin–especially those left 
standing for an extended period–may yield spurious results and should be rejected. 
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Abstract 

The rising consumption of sugar-sweetened beverages (SSBs) and sweets by Thai adolescents is 
alarming, often linked to obesity, metabolic syndrome, and emotional volatility that leads to stress and acne. 
Research has explored natural versus artificial sugar sources and their effects on stress and acne. Analyzing 
sugar intake against this rising prevalence is critical. The study objective was to assess the effect of different 
sugar types on stress levels and acne prevalence in Thai adolescents (13–19 years old) in Bangkok. A total of 
305 respondents completed an online questionnaire detailing consumption, stress, and acne status. Data was 
analyzed by the Statistical Package for the Social Sciences. A one-way analysis of variance compared stress 
and acne impacts across sugar type, gender, and skin type. Pearson’s correlation test analyzed the relationship 
between stress and acne. Results showed that different sugar types and consumption levels did not significantly 
affect stress or acne prevalence. This lack of significance suggests that stress and acne progression are 
multifactorial, involving genetics, hormones, and environmental factors. Future studies with larger, diverse 
samples are needed to better understand the overlapping factors of nutrition, stress, and acne. This research 
provides insight into dietary elements contributing to adolescent stress and skin conditions. 
Keywords: Acne, Adolescents, Stress, Sugar consumption  
 
Introduction 

In this continuously changing world, teenagers face countless levels of stress from various factors, 
ranging from academic workload to family relationships and social norms. Stress can lead to many problems, 
including acne, a common skin condition that affects one’s well-being and contributes to physical and mental 
issues, especially a lack of self-confidence. One factor that stands out is diet. The consumption of chocolates, 
white rice, and oily or fried food increases acne severity due to their high fat and glycemic load (GL). High-GL 
foods rapidly raise sugar levels, and a study states that a sugar-free diet can significantly decrease the chance 
of developing acne (Roengritthidet et al., 2021). Many Thai teenagers also frequently consume sugars in 
cariogenic snacks and sweetened drinks (Tuchinda, 2004), raising questions about sugar intake and its 
possible effects on stress and acne. There are two main types of sugar: natural sugars such as fructose, 
sucrose, lactose, and maltose, found in honey, fruits, sugarcane, and dairy (Ghanem et al., 2018), and artificial 
sugars like aspartame, sucralose, saccharin, and stevia (Chattopadhyay et al., 2011). Thai people have a 
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median sugar intake of 2–20 g per day for males and 2–17 g for females (Wantanee Kriengsinyos et al., 2018). 
There is concern about sugar addiction, stress, and acne, creating the perception that different sugar types 
may influence these outcomes. 

Acne develops when oil and dead skin cells clog pores, forming pimples. A study of 2,467 Thai 
adolescents and adults showed that 52% had mild acne, 22% moderate, and 8% severe (Roengritthidet et al., 
2021). Causes include androgen secretion, increased sebum production, bacterial colonisation, clogged 
follicles, genetics (Hedden et al., 2008), and hormonal changes such as testosterone, progesterone, estrogen, 
IGFs, insulin, and glucocorticoids (Arora et al., 2011). Acne can cause scarring, inflammation, 
hyperpigmentation (Kim and Kim, 2024), and infections requiring medical care. These symptoms worsen skin 
barrier function and may trigger immune responses (Magin et al., 2006). Acne also causes psychological 
burdens such as anxiety, depression (Rubinow et al., 1987), low confidence, social withdrawal, and reduced 
employment opportunities (Ayer and Burrows, 2006; Ritvo et al., 2011). Such effects can lead to increased 
stress. 

Stress reactions, known as the “fight-or-flight” response, enable humans to respond to threats, but the 
body may overreact to non-dangerous stressful situations such as traffic, work, or relationships (LeWine, 2024). 
Major stressors among students include academics, relationships, and time management challenges 
(Bhargava and Trivedi, 2018). Stress varies by duration, domain, and severity. Psychological stress depends 
on perceived ability to cope. Acute stress alters neurological, immune, and endocrine systems, stimulating 
immune responses (Larzelere and Jones, 2008). Excessive norepinephrine (NE) secretion may contribute to 
stress-related disorders such as depression, PTSD, and anxiety (Morilak et al., 2005). Stress is also linked to 
gastric ulcers caused by mucosal injury and increased stomach acid (Fukudo and Tanaka, 2020), and 
psychological stress can increase the incidence of peptic ulcers (Levenstein et al., 2015). 

Although research shows clear links between sugar intake and health, the role of sugar in reducing or 
increasing stress and acne remains controversial. Therefore, this survey research was conducted to examine 
how different forms of sugar consumption affect stress and acne in Thai teenagers. The aim is to raise 
awareness about adolescents’ dietary choices, particularly sugar intake, and to promote healthier behaviours 
by demonstrating potential links between diet, skin health, and mental well-being. 
 
Materials and Methods 
 

This survey research explored the effect of consuming various types of sugars on stress and acne in 
Thai teenagers aged 13 to 19 years old. The questionnaire consisted of three sections. Section 1 focused on 
general information, consisting of gender, age, average hours of sleep, hormone-related medications, 
frequency of applying makeup, skin type, sugar type intake, and sugar consumption. Section 2 measured 
participants’ stress levels, including difficulty managing stress, sudden anxiety during unexpected changes, 
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stress from social comparison, and reliance on stress-relieving activities such as sweets. Additional items asked 
whether stress decreased after consuming dairy products, fruits, artificial sweeteners, or stevia, as well as 
stress caused by studying–life balance, high expectations, public speaking, chaotic environments, urgent 
tasks, or physical symptoms. Items also examined decision-making stress, confusion during problem-solving, 
and stress when unexpected mistakes occur. Section 3 assessed acne frequency, hormonal causes, dietary 
influence, social impact, and acne-related stress. Participants rated associations between acne and sweets, 
hot weather, sleep or eating changes, dairy products, fruits, artificial sweeteners, or stevia. Additional 
statements measured acne severity, inflammation, spreading to multiple areas, and negative effects on daily 
activities. 

General information items were multiple choice, while Parts 2 and 3 used a 5-point Likert scale (1 = 
strongly disagree to 5 = strongly agree). The questionnaire followed ethical guidelines through convenience 
sampling, voluntary participation, and anonymity. All items were reviewed by three specialists and achieved 
IOC scores ≥ 0.5. Cronbach’s alpha, calculated from the first 30 responses, was 0.918, indicating strong 
reliability (Taber, 2017). The survey was distributed via Google Forms on Instagram, Facebook, and LINE in 
January 2025, resulting in 305 participants. Data were analysed using SPSS version 30.0.0.0 (172). Analysis of 
Variance (ANOVA) examined differences across groups, while Pearson’s correlation (r-value) assessed 
relationships between variables. 
 
Results and Discussion 
 
General information  

The general information from the 305 participants shows that most respondents were female (72.5%), 
followed by males (25.9%) and other genders (1.6%). The majority were between 15 and 17 years old (77.7%), 
with smaller proportions aged 13–14 (10.2%) and 18–19 years old (12.1%). Most adolescents reported sleeping 
6-8 hours per night (63.3%), while 31.5% slept below 6 hours and only 5.2% slept more than 8 hours. A very 
small number (6.2%) reported taking hormone-related medications. In terms of makeup use, 43.9% never 
applied makeup, 25.2% used it occasionally, and 30.8% used it frequently or daily. Regarding skin type, the 
largest group had combination skin (38.4%), followed by oily (22.3%), normal (15.7%), sensitive (12.8%), and 
dry skin (10.8%). Most participants consumed both natural and artificial sugars (73.1%), while 20.7% consumed 
only natural sugars and 6.2% consumed only artificial sugars. As for frequency of sugar intake, 41.0% 
consumed sugar 1–3 times per day, 31.8% consumed it 3–5 times per day, and 22.0% consumed it more than 
5 times a day, whereas only 5.2% reported not consuming sugar at all. 

Based on Table 1, the mean effect of stress is 3.35 out of the maximum of 5.00, with a rounded standard 
deviation of 0.61, which accounts for a fair amount of people who have stress. On the other hand, acne presents 
a mean of 2.67 and a 0.77 for its standard deviation. This represents relatively low acne appearances in our 
sample group.  
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Table 1 Descriptive Statistics (Mean and Standard Deviation) 

 n Mean Std. Deviation 

Stress 305 3.35 0.61 

Acne 305 2.67 0.77 

 
Based on Table 2, the one-way ANOVA examining sugar type intake and stress produced a p-value 

of 0.833, indicating no significant difference in stress levels across participants who consumed natural sugars, 
artificial sugars, or both. Likewise, the ANOVA assessing sugar type intake and acne found a p-value of 0.954, 
showing that acne severity did not significantly differ across the three sugar-intake groups. In contrast, gender 
showed a significant effect on stress, with a p-value of 0.041, demonstrating that stress levels differed among 
males, females, and other genders. Finally, skin type had a highly significant effect on acne, as reflected by a 
p-value of 0.005, indicating that acne severity varied considerably across different skin types. 

According to Table 3, Pearson's correlation analysis between sugar consumption and stress showed 
no significant relationship, as reflected by a p-value of 0.272. Similarly, sugar consumption and acne were not 
significantly correlated, supported by a p-value of 0.529. In contrast, the correlation between stress and acne 
was significant, with r = 0.288 and p < 0.001, indicating a low positive association between the two variables. 

Nowadays, teenagers often experience high levels of stress due to academic pressure, hormone 
changes, and social changes, and the majority of adolescents also face acne problems. Both stress and acne 
affect their daily lives, while most teenagers also consume large amounts of sugar, including natural and artificial 
types. Understanding how consuming different sugars impacts stress and acne is necessary. The mean scores 
of stress and acne were 3.35 and 2.67 on a 5-point scale, indicating that stress is more prevalent than acne. 
Since stress exceeded the midpoint score of 3, this suggests that a larger proportion of teenage responders 
reported experiencing stress, which aligns with existing research on academic workload, social dynamics, and 
unprepared developmental changes. Although the mean for acne was lower, it still shows that acne is a concern 
for many participants, with stress appearing to be the more dominant experience. 

The results reveal that different forms of sugar and artificial sweeteners do not significantly influence 
stress or acne. Stress levels were not affected by consuming natural or artificial sugars, likely because the 
majority of participants consumed both. Artificial sweeteners also did not affect stress, despite suggestions that 
they increase stress responses. There was likewise no notable impact on acne from sugar type, and changes 
in sugar intake did not affect acne development. Other components such as carbohydrate and fat intake or 
hormonal fluctuations may make individuals more susceptible to breakouts. Regarding stress, the findings 
suggest that sugar may have a comforting rather than antagonising effect. 
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Table 2 One-way ANOVA Results 

Analysis Variable Source SS df MS F p-value Significance 

Sugar Type & Stress 

Between Groups 0.137 2 0.069 0.183 0.833 Not significant 

Within Groups 113.045 301 0.376 - - - 

Total 113.183 303 - - - - 

Sugar Type & Acne 

Between Groups 0.057 2 0.029 0.047 0.954 Not significant 

Within Groups 181.805 301 0.604 - - - 

Total 181.862 303 - - - - 

Gender & Stress 

Between Groups 2.367 2 1.183 3.225 0.041 
Significant at 

0.05 

Within Groups 110.816 302 0.367 - - - 

Total 113.183 304 - - - - 

Skin Type & Acne 

Between Groups 8.759 4 2.190 3.783 0.005 
Significant at 

0.01 

Within Groups 173.103 299 0.579 - - - 

Total 181.862 303 - - - - 

 
Gender differences had a significant impact on stress, potentially due to hormonal fluctuations, 

psychological factors, and coping strategies. Females may experience greater reactivity in the HPA axis, 
leading to heightened cortisol responses, and may also use different coping mechanisms such as seeking 
social support. These factors could contribute to the varying levels of stress reported. The tendency to use 
food, especially sugary foods, as a coping mechanism may also influence the relationship between stress, 
sugar consumption, and acne. 

Skin type had a significant effect on acne, consistent with dermatological understanding. Different skin 
types vary in sebum production and barrier function, influencing proneness to acne. Combination and oily skin 
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produce more sebum, making them more prone to clogged pores. Hot and humid weather may further 
aggravate acne in these skin types. While sugar type did not show a significant relationship, high-glycemic 
foods can still worsen acne due to insulin spikes and hormonal effects. 
 
Table 3 Pearson’s Correlation Results (n = 305) 

Correlation Pair Pearson’s r 
p-value 

(2-tailed) 
Significance Interpretation 

Sugar Consumption and Stress -0.063 0.272 Not significant No correlation 

Sugar Consumption and Acne 0.036 0.529 Not significant No correlation 

Stress and Acne 0.288 < 0.001 Significant at 0.01 Low positive correlation 

 
Sugar consumption showed no significant correlation with stress. Although sugary foods activate 

reward pathways that release dopamine and opioids, this study found no statistically significant relationship, 
possibly due to the weak correlation and other factors such as sleep or the exclusion of sugary drinks. Sugar 
consumption also had no significant correlation with acne. While high-glycemic foods can increase insulin and 
IGF-1, which may contribute to acne, the main dietary triggers are likely specific food categories such as dairy, 
chocolate, and soft drinks rather than the frequency of sugar intake. 

Stress and acne showed a low positive correlation (r = 0.288), indicating that stress plays an important 
role in acne development. Increased cortisol during stress can stimulate sebum production, contributing to 
more severe acne. Psychological stress may also influence inflammation and hormonal changes. Although this 
study establishes a correlation, further research with larger samples and additional variables such as diet, 
sleep, and coping habits is needed. Managing stress through mindfulness or relaxation may benefit both skin 
health and mental well-being. 
 
Conclusion 
 

In conclusion, adolescents face numerous challenges in their daily lives, often resulting in considerable 
stress that can negatively affect both physical and mental health, including the development of acne. This study 
examined the relationship between different types of sugar consumption, stress levels, and acne severity 
through an online survey. The findings revealed no significant correlation between sugar consumption and 
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either stress or acne. However, stress levels differed significantly across genders, and skin type was shown to 
influence acne severity among teenagers. Understanding these linkages is important for raising awareness and 
encouraging healthier lifestyle choices that may help reduce the impact of stress and acne during adolescence. 
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