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 บรรจุภัณฑ์อัจฉริยะ (Intelligent packaging) สามารถให้ข้อมูลของคุณภาพของ

ผลติภณัฑ์ในขณะนัน้ ตัง้แต่คุณภาพด้านทางประสาทสมัผสัไปจนถึงคุณสมบตัิทางจุลินทรยี์ 

โดยไม่จําเป็นต้องเปิดบรรจุภณัฑอ์อกสํารวจ ด้วยการใช้เครื่องมอืซึ่งสามารถตดิตามปรมิาณ

ของสารที่มกีารเปลี่ยนแปลงปรมิาณในระหว่างกระบวนการเสื่อมเสียของผลิตภณัฑ์อาหาร 

เทคโนโลยใีหม่น้ีสามารถช่วยใหผู้บ้รโิภคสามารถตดัสนิใจเลอืกซือ้สนิคา้ไดด้ขี ึน้ และยงัอาจช่วย

ประกนัความปลอดภยัของผูบ้รโิภคไดอ้กีดว้ย โครงการวจิยัน้ีมุ่งทีจ่ะพฒันาอนิดเิคเตอรเ์ปลี่ยนสี

บ่งชีค้วามเป็นกรด-ด่างและปรมิาณคารบ์อนไดออกไซดจ์ากวสัดุชวีภาพและสารสกดัจากพชืที่มี

สารแอนโทไซยานินสูง เพื่อนําไปใชก้บัระบบบรรจุภณัฑอ์จัฉรยิะ สําหรบัอาหารทีม่อีายุการเกบ็

รกัษาสัน้ โดยเริม่จากการทําการคดัเลอืกพชืทีม่คีวามสามารถในการเปลีย่นสใีนระดบัทีม่องเหน็

ไดด้ว้ยตาเปล่าเมื่ออยู่ในสภาวะความเป็นกรด-ด่างทีแ่ตกต่างกนั จากการทดลองผสมสารสกดั

ของพชืนัน้ๆ เขา้กบัสารละลายบฟัเฟอรท์ี่ค่าความเป็นกรด-ด่าง 3.0 5.0 และ 7.0 เมื่อได้พชืที่

ผ่านการคัดเลือกแล้วจึงนําไปศึกษาหาเงื่อนไขการสกัดด้วยน้ําร้อนด้วยคลื่นไมโครเวฟ 

(Microwave assisted hot water extraction)  ที่ เ หมาะสม  โดยใช้ เทค นิคพื้นผิวผลตอบ 

(Response surface methodology หรอื RSM) และการวเิคราะห์ความพึงพอใจ (Desirability 

analysis) พารามิเตอร์ที่ทําการศึกษา ได้แก่ สัดส่วนของตัวอย่างต่อน้ํา (1:5 – 1:3 กรัม/

มลิลิลิตร) พลงังานที่ใช้ในการสกัด (480 – 800 วตัต์) และเวลาที่ใช้ในการสกัด (60 – 480 

วนิาท)ี เงื่อนไขทีเ่ลอืกใชค้วรใหส้ารสกดัทีม่คี่าการดูดกลนืทีค่่าความยาวคลื่นทีม่คี่าการดูดกลนื

สูงสุด (𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚) สูงสุด โดยไม่ส่งผลกระทบกบัคุณภาพของสารสกดั เมื่อได้เงื่อนไขการสกดัสาร

สกดัจากพชืทีเ่หมาะสมแลว้ จงึใชเ้งือ่นไขดงักล่าวในการสกดัสารทีจ่ะใชใ้นอนิดเิคเตอรต่์อไป ใน

ขัน้ตอนต่อไป ทําการศกึษาเพื่อระบุสูตรที่เหมาะสมของฟิล์มเปลี่ยนสไีด ้ดว้ยเทคนิคพืน้ผวิผล

ตอบ และการวเิคราะหค์วามพงึพอใจ สตูรทีเ่ลอืกใชค้วรใหฟิ้ลม์ทีม่คี่าความต่างของส ี(∆𝐸𝐸) ทีค่่า

ความเป็นกรด-ด่างต่างกันสูง และมีค่าการละลายตํ่ า จากนัน้ทําการศึกษาหาระดับของ
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สารละลายที่เหมาะสมที่จะใช้ในฟิล์มเปลี่ยนส ีด้วยการทดสอบทางประสาทสมัผสั ด้วยวธิกีาร

ทดสอบความแตกต่าง แบบ Two out of five กบัผู้ทดสอบที่ไม่ผ่านการฝึกฝนจํานวน 50 คน 

เมื่อสูตรที่เหมาะสมแล้วจงึทําการผลติฟิล์มเปลี่ยนส ีแล้วนําไปวเิคราะห์คุณสมบตัิด้านต่างๆ 

(ไดแ้ก่ คุณสมบตัทิางกายภาพ ลกัษณะปรากฏ สณัฐานวทิยา เชงิกล และทางความรอ้น) ศกึษา

กลไกการเปลีย่นส ีประมาณอายุการเก็บรกัษา ทดสอบความสามารถในการเปลี่ยนสเีมื่อความ

เป็นกรด-ด่าง หรอืความเขม้ขน้ของก๊าซคารบ์อนไดออกไซด์ของระบบเปลี่ยนไป และประเมนิ

ประสทิธภิาพการใชง้านจรงิกบัผลติภณัฑอ์าหาร โดยผลติภณัฑอ์าหารทีม่อีายุการเกบ็รกัษาสัน้

ทีเ่ลอืกใช ้ไดแ้ก่ ผลไม ้และผลไมต้ดัแต่ง ปลาสม้ แหนมเหด็ และเตา้หูไ้ข ่ในงานวจิยัน้ีไดท้ําการ

เลือกกะหลํ่ าปลีม่วง (Brassica oleraces var. capitate f. rubra) ดอกกล้วยไม้สกุลหวาย 

(Dendrobium Sonia ‘Earsakul’) และดอกอญัชนั (Clitoria ternatea L.) มาใชใ้นการพฒันาฟิล์ม

เปลีย่นสไีด ้โดยเงื่อนไขการสกดัดว้ยน้ํารอ้นดว้ยคลื่นไมโครเวฟทีเ่หมาะสมในการสกดัสารจาก

พชืดงักล่าว คอื สดัส่วนของตวัอยา่งต่อน้ํา 1:3 กรมั/มลิลลิติร พลงังานทีใ่ชใ้นการสกดั 800 วตัต ์

และเวลาทีใ่ชใ้นการสกดันาน 480 วนิาท ีสาํหรบักะหลํ่าปลมีว่งและดอกกลว้ยไมส้กุลหวาย และ 

180 วนิาท ีสําหรบัดอกอญัชนั สูตรที่เหมาะสมสําหรบัเตรยีมฟิล์มเปลี่ยนสไีด้ที่มสี่วนผสมของ

สารสกดัจากกะหลํ่าปลมี่วงหรอืดอกกลว้ยไมส้กุลหวาย คอื คาราจแีนนรอ้ยละ 3 เพคตนิรอ้ยละ 

2 ผงเซลลโูลสรอ้ยละ 1 และสารสกดัรอ้ยละ 40 และสตูรทีเ่หมาะสมสําหรบัฟิลม์ทีม่สีารสกดัจาก

ดอกอญัชนั คอื CMC รอ้ยละ 1.5 คาราจแีนนรอ้ยละ 1.5 เพคตนิรอ้ยละ 1.5 ผงเซลลโูลสรอ้ยละ 

1 และสารสกดัรอ้ยละ 6 จากการทดสอบความสามารถในการเปลีย่นสทีี่ค่าความเป็นกรด-ด่าง

ต่างๆ พบว่า โดยรวม ฟิลม์ใหค้่า ∆𝐸𝐸 ระหว่างคู่ความเป็นกรด-ด่างต่างกนั สงู โดยเฉพาะฟิล์มที่

ประกอบดว้ยสารสกดัจากดอกกลว้ยไมส้กุลหวาย แต่พบว่า ฟิลม์ทีม่สี่วนผสมของสารสกดัจาก

กะหลํ่าปลมี่วงและดอกอญัชนันัน้ มสีใีกลเ้คยีงกนัมากทีค่่าความเป็นกรด-ด่างในช่วง 4-6 ซึง่ทํา

ใหย้ากแก่การแยกแยะดว้ยตาเปล่า ดงัผลจากการทดสอบทางประสาทสมัผสั ซึง่ใชผู้ท้ดสอบที่

ไม่ผ่านการฝึกฝน และพบว่า ฟิล์มที่พฒันาได้ทัง้หมดมคีวามสามารถในการเปลี่ยนสทีี่ความ

เขม้ขน้ของคารบ์อนไดออกไซดต่์างกนั ตํ่า โดยสขีองฟิลม์เปลีย่นไปจนสงัเกตเหน็ไดเ้มื่ออยู่ใน

สภาวะทีม่ก๊ีาซคารบ์อนไดออกไซดเ์ขม้ขน้รอ้ยละ 75 หรอืสูงกว่านัน้ เมื่อนําฟิลม์เปลีย่นสไีด ้ไป

ทําการประกอบเป็นอินดเิคเตอร์แล้วทดลองใช้กบัผลติภณัฑ์อาหารที่มอีายุการเก็บรกัษาสัน้ 

พบว่า อนิดเิคเตอรท์ี่พฒันาได้นัน้ไม่เหมาะที่จะนําไปใช้เพื่อบ่งบอกความปลอดภยัของอาหาร 

เน่ืองจากความสามารถในการเปลี่ยนสขีองอนิดเิคเตอรไ์ม่สูงมากพอ แต่มคีวามเป็นไปได้ที่จะ

นําไปใชบ้อกคุณภาพของอาหาร โดยเฉพาะอาหารประเภทอาหารหมกั นอกจากนัน้ ยงัพบว่า 

เมื่อนําอนิดเิคเตอรไ์ปใช้กบัอาหารบางชนิด สขีองอนิดเิคเตอรซ์ดีลงไปภายหลงัจากการใช้ไป

เพียง 2-3 วันอีกด้วย อินดิเคเตอร์ที่พัฒนาได้ สามารถเก็บไว้ในบรรจุภัณฑ์ที่ปิดสนิท ณ 
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Abstract: 

 Intelligent packaging could inform users on current quality of its content, ranging 

from sensorial properties to microbiological status of the food, without having to open the 

package. By incorporating devices that could monitor levels of compounds that are 

declining or generating due to deteriorative changes continuously occurred in food, this 

novel technology could assist the consumers on their buying decision or ensure safety of 

the consumers. This study was aimed to develop bio-based colorimetric indicators for pH 

and CO2 consisting of extract from anthocyanin-rich plant, to be used as part of intelligent 

packaging system for short shelf-life foods. Several plants were screened for their ability 

to visibly change color when exposed to different pH by mixing plant extract with pH buffer 

solution (pH 3.0, 5.0, or 7.0). The optimal conditions for microwave assisted hot water 

extraction (mHWE) for all selected plants were investigated using response surface 

methodology (RSM) and desirability analysis. The parameters studied were sample to 

water ratio (1:5 - 1:3 g/mL), extraction power (480 - 800 W), and extraction time (60 - 480 

s). The extraction condition should give extract with maximum absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 

without affecting quality of the extracts. The optimal mHWE conditions were then used to 

prepare plant extracts to be incorporated into colorimetric films. RSM and desirability 

analysis were used to optimize the colorimetric film formula. The formula should give the 

film with high color change in response to pH (∆𝐸𝐸) and low solubility. Most suitable 

amounts of plant extracts for the film were finalized using sensory testing (Difference test; 

Two out of five) by 50 untrained panelists. The developed colorimetric films were then 

characterized their physical-, optical-, morphological, mechanical-, and thermal properties; 

studied their color-changing mechanism; determined their shelf-lives; and tested for their 

sensitivity and performance as pH- and CO2 indicator. Short shelf-life foods included in 
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the study were fruits and fresh-cut fruits, fermented fish and mushroom, and egg tofu. 

The plants selected for development of colorimetric layer were fresh red cabbage 

(Brassica oleraces var. capitate f. rubra) and Dendrobium orchid (Dendrobium Sonia 

‘Earsakul’), and dried butterfly pea (Clitoria ternatea L.). Optimal condition of mHWE were 

sample to water ratio of 1:30 g/mL and power of 800 W, and extraction time of 480 s for 

red cabbage and Dendrobium orchid, and 180 s for butterfly pea. The final formula for 

colorimetric layers with red cabbage or Dendrobium orchid extract consisted of 3% (w/w) 

of carrageenan, 2% (w/w) of pectin, 1% (w/w) of cellulose powder, and 40 % (v/w) of 

extract; and 1.5% (w/w) of CMC, 1.5% (w/w) of carrageenan, 1.5% (w/w) of pectin, 1% 

(w/w) of cellulose powder, and 6 % (v/w) of extract for colorimetric layer with butterfly 

pea. Regarding sensitivity to pH, it was found that the films generally gave high ∆𝐸𝐸 

between different pH values, especially the film with Dendrobium orchid extract. However, 

for red cabbage and butterfly pea, the films’ colors at pH 4-6 were difficult to distinguish, 

according to sensory evaluation by untrained panelists. All films had low sensitivity to 

CO2. It was found that significant color changes occurred when exposed to CO2 

concentration of 75 or higher. As pH indicator for short shelf-life foods, it was found that 

the developed indicators was not suitable to be used as safety measure for food products, 

but might have potential use in informing the consumers about the foods’ qualities, 

especially for fermented foods since the sensitivity of the indicators were not high enough. 

When used on some food samples, the indicators’ colors were visibly fading after 2-3 

days of use. The developed indicators could be kept for 2-4 weeks in air-tight container, 

at ambient storage.  
 

Keywords : pH indicator; Food packaging; Anthocyanin; Dendrobium orchid; Butterfly pea
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Executive summary 

 

โครงการ:  การพฒันาอนิดเิคเตอรเ์ปลีย่นสบ่ีงชีค้วามเป็นกรด-ด่างและปรมิาณคารบ์อนไดออกไซด์

จากวสัดุชวีภาพและสารสกดัจากพชื สาํหรบัอาหารทีม่อีายกุารเกบ็รกัษาสัน้ 

 

วตัถปุระสงคข์องการวิจยั: 

โครงการวิจ ัยน้ีมุ่งที่จะพัฒนาอินดิเคเตอร์เปลี่ยนสีบ่งชี้ความเป็นกรด-ด่างและปริมาณ

คารบ์อนไดออกไซด์จากวสัดุชวีภาพและสารสกดัจากพชื เพื่อนําไปใช้เป็นส่วนประกอบในระบบบรรจุ

ภณัฑอ์จัฉรยิะ สาํหรบัอาหารทีม่อีายกุารเกบ็รกัษาสัน้ โดยมวีตัถุประสงคห์ลกัและยอ่ย ดงัน้ี 

1. พฒันาอนิดเิคเตอรเ์ปลีย่นสบ่ีงชีค้วามเป็นกรด-ด่างและปรมิาณก๊าซคารบ์อนไดออกไซด์จาก

วสัดุชวีภาพและสารสกดัจากพชื ซึ่งมคีวามคงตวัมากพอที่จะนําไปใช้ในระบบบรรจุภณัฑ์

สาํหรบัอาหารทีม่อีายกุารเกบ็รกัษาสัน้ 

1.1. คดัเลอืกพชืทีม่รีงควตัถุทีส่ามารถเปลีย่นสไีดเ้มื่ออยู่ในสภาวะทีม่กีารเปลีย่นแปลงของ

สภาพความเป็นกรด-ด่างของสิง่แวดลอ้ม  

1.2. ระบุเงื่อนไขทีเ่หมาะสมของการสกดัดว้ยน้ํารอ้นดว้ยคลื่นไมโครเวฟของพชืทีค่ดัเลอืก

มาทาํการศกึษา  

1.3. ระบุสูตรที่เหมาะสําหรบัใช้ในการผลติฟิล์มเปลี่ยนสไีด้ที่มสี่วนประกอบเป็นสารสกดั

จากพชืทีค่ดัเลอืกมาใช ้

1.4. วเิคราะหค์ุณสมบตัทิัว่ไปของฟิลม์เปลีย่นสไีด ้และคุณสมบตัดิา้นความสามารถในการ

เปลี่ยนสีเมื่ออยู่ ในสภาวะที่ความเ ป็นกรด -ด่ าง หรือความเข้มข้นของ ก๊าซ

คารบ์อนไดออกไซด ์เปลีย่นไป  

1.5. ศกึษากลไกการเปลีย่นสขีองฟิลม์เปลีย่นสไีด ้ 

1.6. ประเมนิอายุการเก็บรกัษาของอินดิเคเตอร์ที่มสี่วนประกอบของฟิล์มเปลี่ยนสีได้ที่

พฒันาขึน้ 

2. ตรวจสอบความเป็นไปไดใ้นการนําอนิดเิคเตอรท์ีพ่ฒันาไดไ้ปใชเ้ป็นส่วนหน่ึงของบรรจุภณัฑ์

อาหาร 

 

วิธีดาํเนินการวิจยั: 

 เพื่อใหก้ารวจิยับรรลุตามจดุประสงคท์ีไ่ดว้างไว ้การศกึษาน้ีไดแ้บ่งการทดลองออกเป็นขัน้ตอน 

ดงัน้ี 

1.  การคดัเลือกพืชเพ่ือนํามาทาํการสกดัสารสี (จดุประสงค ์1.1) 

 ทําการศกึษาหาขอ้มูลในเบื้องต้นเกี่ยวกบัพชืที่มกีารรายงานว่า เคยมกีารนํามาใช้เป็นอนิดเิค

เตอรว์ดัความเป็นกรด-ด่าง และ/หรอื มรีงควตัถุประเภทแอนโทไซยานินอยู่เป็นจาํนวนมาก แลว้ทําการ

สกดัสารสดีว้ยน้ํารอ้น นําสารสทีีส่กดัไดไ้ปปรบัค่าความเป็นกรด-ด่าง ดว้ยการผสมกบัสารบฟัเฟอรท์ี่มี
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ค่าความเป็นดรด-ด่าง 3-7 จากนัน้ทําการเปรยีบเทยีบดว้ยตาเปล่าและวดัสดีว้ยเครื่อง Colorimeter(1, 2) 

เพื่อเลอืกพชืทีใ่หส้ารสกดัทีม่กีารเปลีย่นสทีีช่ดัเจน สามารถสงัเกตไดด้ว้ยตาเปล่า ในช่วงความเป็นกรด-

ด่างดงักล่าว   

2.  การระบเุง่ือนไขของการสกดัสารสกดัจากพืชด้วยน้ําร้อนด้วยคล่ืนไมโครเวฟ (จดุประสงค ์

1.2) 

 ทําการคดัเลอืกเงื่อนไขของการสกดัสารสกดัจากพชืที่คดัเลอืกไดจ้ากขัน้ตอนแรก ด้วยน้ํารอ้น

ด้วยคลื่นไมโครเวฟ (Microwave-assisted hot water extraction หรอื mHWE) ที่มปีระสิทธิภาพการ

สกัดสูงสุด คือ เป็นการสกัดที่ให้ค่าการสกัด (Yield) สูง และไม่ทําให้คุณสมบตัิของสารสีที่สกัดได้

เปลี่ยนไป โดยใช้การวางแผนการทดลองแบบ Response surface methodology (RSM) แบบ Box-

Behnken และได้กําหนดค่าพารามิเตอร์ที่ทําการทดสอบ คือ 1) อัตราส่วนของพืชต่อน้ํา 2) ระดับ

พลงังานของเครื่องไมโครเวฟ และ 3) เวลาที่ใช้ในการสกดั ส่วนค่าตอบสนอง (Response) ที่ทําการ

ตรวจวดั คอื ค่าการดูดกลนืแสงที่ 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 ด้วยเครื่อง UV-Visible spectrophotometer ซึ่งใช้เป็นค่าบ่งชี้

ค่าการสกดั แลว้ทาํการวเิคราะหค์วามพงึพอใจ (Desirability analysis) เพื่อระบุเงือ่นไขทีเ่หมาะสม โดย

ต้องการเงื่อนไขการสกดัที่ให้ค่าการสกดัสูง และใช้การเปรยีบเทยีบ สเปกตรมัในช่วงความยาวคลื่น 

400-700 nm ของสารสกดัที่สกดัด้วยเงื่อนไขแตกต่างกันในการการตรวจสอบคุณสมบตัิด้านสีที่อาจ

เปลีย่นไปของสารสกดั  

3.  การพฒันาสตูรของฟิลม์เปล่ียนสีได้ท่ีมีส่วนประกอบของสารสกดัจากพืช (จดุประสงค ์1.3) 

 ทําการพฒันาชัน้ฟิลม์เปลีย่นสไีด ้(Colorimetric layer)  โดยเริม่จากการทําการทดลองเบื้องต้น

เพื่อหาช่วงของส่วนประกอบที่จะใช้ในการทดลอง ซึ่งส่วนประกอบของฟิล์มที่ทดลองประกอบด้วย 

Carboxymethyl cellulose (CMC) คาราจแีนน เพคตนิ แป้งกล้วย ผงเส้นใยเซลลูโลส และสารสทีี่สกดั

จากพชื เมือ่ไดช่้วงของส่วนประกอบของฟิลม์ทีจ่ะทําการศกึษา จงึนําไปออกแบบการทดลองดว้ยการใช ้

RSM ในการวางแผนการทดลอง จากนัน้ทําการเตรยีมตวัอย่างฟิล์มเปลี่ยนสไีด ้มาทําการวเิคราะห ์1) 

ค่าความสามารถในการเปลีย่นส ี(∆𝐸𝐸) ทีค่่าความเป็นกรด-ด่าง 3 5 และ 7(1) 2) ค่าการละลายของฟิล์ม(3) 

และ 3) ค่าการพองตวั เพื่อนําไปวเิคราะหค์วามพงึพอใจ ระบุสูตรทีเ่หมาะสมทีสุ่ดของชัน้ฟิลม์เปลี่ยนสี

ไดส้ําหรบัสารสกดัจากพชืแต่ละชนิด โดยต้องการใหฟิ้ลม์มคี่า ∆𝐸𝐸 ทีค่่าความเป็นกรด-ด่างต่างๆ กนัสูง 

และค่าการละลายและค่าการพองตวัตํ่า  

 จากนัน้ทําการทดลองเพื่อปรบัปรมิาณสารสกดัทีใ่ชใ้นการเตรยีมฟิลม์เปลีย่นสไีดอ้กีครัง้ โดยทํา

การเตรยีมฟิล์มจากสูตรที่เหมาะสมที่สุด แต่ผสมสารสกดัลงในฟิลม์ในปรมิาณที่แตกต่างกนั (ช่วงของ

ปรมิาณสารสกดัน้ีไดท้ําการทดลองเบือ้งตน้ไวก่้อนแลว้ แต่ไม่ไดนํ้าไปเป็นตวัแปรหน่ึงในการทดสอบหา

สตูรทีเ่หมาะสม เน่ืองจากตอ้งการศกึษาตวัแปรของสารก่อเจลหลายชนิดเป็นหลกั จงึไดเ้ลอืกใชส้ารสกดั

ในปรมิาณทีอ่ยู่ในช่วงทีจ่ะศกึษาเพยีงค่าเดยีวก่อน) จากนัน้ทําการวดัค่า ∆𝐸𝐸 ทีค่่าความเป็นกรด-ด่าง 3 

5 และ 7 แลว้เลอืกปรมิาณสารสกดัทีใ่หค้่า ∆𝐸𝐸 สงูทีสุ่ด(4) 
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4.  การวิเคราะห์คุณสมบติัของฟิล์มเปล่ียนสีได้ และคุณสมบติัด้านความสามารถในการ

เปล่ียนสีตามค่าความเป็นกรด-ด่าง หรือปริมาณของก๊าซคาร์บอนไดออกไซด์ท่ี

เปล่ียนแปลงไป (จดุประสงค ์1.4) 

นําฟิลม์เปลี่ยนสไีด้ทีพ่ฒันาได ้มาวเิคราะห์คุณสมบตัทิางกายภาพ สณัฐานวทิยา ทางกล และ

ทางการเปลีย่นแปลงอุณหภมู ิโดยเปรยีบเทยีบกบัฟิลม์ทีเ่ตรยีมจากสตูรทีเ่หมาะสมทีสุ่ดแต่ไม่มสีารสกดั  

ในการตรวจสอบความสามารถในการเปลีย่นสตีามค่าความเป็นกรด-ด่างของฟิลม์นัน้ ทาํการจุ่ม

ฟิลม์ทีพ่ฒันาไดล้งในสารละลายบฟัเฟอรท์ีม่คี่าความเป็นกรด-ด่าง 2 3 4 5 6 และ 7 แลว้ทาํการวดัสขีอง

ฟิล์มด้วยเครื่อง Colorimeter(1) จากนัน้นํามาคํานวณค่า ∆𝐸𝐸 ของคู่ฟิล์ม ณ ค่าความเป็นกรด-ด่างที่

ต่างกัน โดยคู่ฟิล์มที่ม ีค่า ∆𝐸𝐸 ตํ่ากว่า 12.0(4) ถูกนําไปทําการทดสอบทางประสาทสัมผสัแบบการ

ทดสอบความแตกต่าง ‘Two out of five’ กับผู้เข้าร่วมการทดสอบที่ไม่ผ่านการอบรม (Untrained 

panelist) จาํนวน 50 คน เป็นการเพิม่เตมิ เพื่อตรวจสอบว่า ผูบ้รโิภคจะสามารถแยกแยะสขีองฟิลม์ทีค่่า

ความเป็นกรด-ด่างคู่ดงักล่าวออกจากกนัไดห้รอืไม ่

ในการตรวจสอบความสามารถในการเปลี่ยนตามปรมิาณก๊าซคอรบ์อนไดออกไซดข์องฟิล์มนัน้ 

มขี ัน้ตอนการทดลองเช่นเดียวกบักรณีของการศึกษาการเปลี่ยนสีตามค่าความเป็นกรด-ด่าง แต่ใน

ขัน้ตอนเตรยีมตวัอย่างฟิลม์ใชก้ารอบฟิลม์ไวใ้นบรรยากาศทีม่ก๊ีาซ CO2 เขม้ขน้รอ้ยละ 0 25 50 75 และ 

100 แทน 

5.  การศึกษากลไกการเปล่ียนสี (จดุประสงค ์1.5) 

ทําการศกึษากลไกการเปลีย่นสตีามค่าความเป็นกรด-ด่างทีเ่ปลีย่นไปของฟิลม์เปลีย่นสไีด ้ดว้ย

การนําฟิลม์ทีพ่ฒันาไดม้าจุม่ลงในสารละลายบฟัเฟอรท์ีม่คี่าความเป็นกรด-ด่าง 2 3 5 และ 7 นําไปทาํให้

แห้งด้วยการทําแห้งด้วยการแช่เยอืกแขง็ (Freeze drying) แล้วเตรยีมตวัอย่างเพื่อเขา้เครื่อง Fourier 

transformed infrared (FTIR) spectrophotometer(5, 6) จากนัน้ศกึษา IR สเปกตรมัทีไ่ด ้เปรยีบเทยีบกบั

กลไกการเปลีย่นสตีามการเปลีย่นค่าความเป็นกรด-ด่างของรงควตัถุแอนโทไซยานิน 

6.  การตรวจสอบการใช้งานจริงของอินดิเคเตอร์ท่ีพัฒนาได้ กับผลิตภัณฑ์อาหาร 

(จดุประสงค ์2) 

นําฟิลม์เปลีย่นสไีดท้ีพ่ฒันาขึน้ มาเตรยีมเป็นอนิดเิคเตอร ์ดว้ยการนําไปหุม้ดว้ยฟิลม์เซลโลเฟน 

(Cellophane) และแผ่นพอลเิมอรป์ระเภท Polylactide (PLA) เจาะรอยปรุ และมแีผ่นพลาสตกิสขีาวทบึ

รองอกีชัน้ เพื่อให้สามารถสงัเกตสขีองฟิล์มได้ชดัเจน จากนัน้นําอนิดเิคเตอรท์ี่เตรยีมได้มาแปะไว้บน

พื้นผวิของอาหาร ทําการตรวจติดตามการเปลี่ยนสขีองอินดเิคเตอร์อย่างสมํ่าเสมอ (วดัสดี้วยเครื่อง 

Colorimeter) พร้อมกับบนัทึกค่าความเป็นกรด-ด่าง และปรมิาณจุลินทรยี์ที่มชีีวิตทัง้หมด (Aerobic 

plate count หรอื APC) ของอาหารทีเ่ปลีย่นไปตามระยะการเกบ็รกัษา(7) โดยตวัอย่างผลติภณัฑอ์าหาร

ทีใ่ช ้ไดแ้ก่ ปลาสม้ แหนมเหด็ เตา้หูไ้ข ่ผลไมส้ด และผลไมต้ดัแต่ง 

7.  การประเมินอายุการเกบ็รกัษาของอินดิเคเตอรท่ี์พฒันาได้ (จดุประสงค ์1.6) 

นําอนิดเิคเตอรท์ีพ่ฒันาไดไ้ปบรรจุในบรรจุภณัฑแ์บบสุญญากาศ (Vacuum packaging) เกบ็ไว ้

ณ อุณหภูมหิ้อง (25±1ºC) ทุก 1-2 สปัดาห์ ทําการสุ่มตัวอย่างอินดิเคเตอร์ออกมา สงัเกตลกัษณะ
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ปรากฏ แลว้จุ่มลงในสารละลายบฟัเฟอรท์ีม่คี่าความเป็นกรด-ด่าง 3 5 และ 7 แลว้นําไปวดัสดีว้ยเครือ่ง 

Colorimeter(1) เพื่อทาํการวเิคราะหป์ระสทิธภิาพของการเปลีย่นสขีองอนิดเิคเตอร ์ 

 

ผลการวิจยั: 

ผลการวจิยั รายงานตามแต่ละจดุประสงคท์ีไ่ดว้างไว ้เป็นดงัน้ี 

1.  พืชท่ีจะนํามาทาํการสกดัสารสี (จดุประสงค ์1.1) 

พชืที่นํามาทดลองคดัเลอืกสารสกดั ได้แก่ กะหลํ่าปลมี่วง (Brassica oleraces var. capitate f. 

rubra) ดอกกลว้ยไมส้กุลหวายสมีว่ง (Dendrobium Sonia ‘Earsakul’) ดอกอญัชนั (Clitoria ternatea L.) 

และกุหลาบ (Rosa L.) และจากผลการทดลองพบว่า สารสกดัที่สกดัได้ด้วยน้ํารอ้นจากกะหลํ่าปลีม่วง 

ดอกกล้วยไมส้กุลหวาย และดอกอญัชนัแห้ง มกีารเปลี่ยนสอีย่างเห็นได้ชดั สามารถสงัเกตได้ด้วยตา

เปล่า เมื่อมคี่าความเป็นกรด-ด่างต่างกนั (3 5 หรอื 7) และเมื่อทําการเปรยีบเทยีบค่าส ี(L* a* b*) ของ

สารสกดัชนิดเดยีวกนัที่มคี่าความเป็นกรด-ด่างต่างกนั พบว่า สารสกดัเดยีวกนัทีค่่าความเป็นกรด-ด่าง

ต่างกนัมคี่า a* (สเีขยีว-สแีดง) และ/หรอื b* (สฟ้ีา-สเีหลอืง) ทีแ่ตกต่างกนัอยา่งมนียัสาํคญั 

2. เ ง่ือนไขท่ีเหมาะสมของการสกัดสารสกัดจากพืชด้วยน้ําร้อนด้วยคล่ืนไมโครเวฟ 

(จดุประสงค ์1.2) 

 เมื่อนําค่าการดูดกลนืแสงที่วดัได้ และค่าพารามเิตอรท์ี่ทําการทดลอง มาสรา้งแบบจําลองเชงิ

พยากรณ์ (Predictive model) พบว่า พารามเิตอร์ที่มผีลกระทบทางบวก (Positive correlation) เป็น

อย่างมากต่อประสทิธภิาพของการสกดัดว้ยน้ํารอ้นแบบใชไ้มโครเวฟนัน้ ไดแ้ก่ อตัราส่วนของพชืต่อน้ํา 

และเวลาทีใ่ชใ้นการสกดั และเงื่อนไขการสกดัดว้ยน้ํารอ้นดว้ยคลื่นไมโครเวฟทีเ่หมาะสมในการสกดัสาร

จากพชืที่คดัเลอืก คอื อตัราส่วนของพชืต่อน้ํา 1:3 กรมั/มลิลลิติร ระดบัพลงังานของเครื่องไมโครเวฟ 

800 วตัต์ และเวลาที่ใช้ในการสกดั 480 วนิาท ีสําหรบักะหลํ่าปลมี่วงและดอกกล้วยไมส้กุลหวาย และ

อตัราส่วนของพชืต่อน้ํา 1:30 กรมั/มลิลลิติร สาํหรบัดอกอญัชนั ระดบัพลงังานของเครือ่งไมโครเวฟ 800 

วตัต์ และเวลาทีใ่ชใ้นการสกดั 180 วนิาท ีสําหรบัดอกอญัชนั โดยเงื่อนไขดงักล่าวใหค้า่การสกดัสงู และ

ไมท่าํใหคุ้ณสมบตัขิองสารสกดัทีไ่ดเ้ปลีย่นไป 

3.  สตูรท่ีเหมาะสมของฟิลม์เปล่ียนสีได้ท่ีมีส่วนประกอบของสารสกดัจากพืช (จดุประสงค ์1.3) 

จากผลการวเิคราะหค์วามพงึพอใจ พบว่า สตูรของฟิลม์เปลีย่นสไีดท้ีเ่หมาะสม คอื CMC รอ้ยละ 

1.5 คาราจแีนนรอ้ยละ 1.5 เพคตนิรอ้ยละ 1.5 ผงเสน้ใยเซลลโูลสรอ้ยละ 1 และสารสกดัรอ้ยละ 6 สาํหรบั

ฟิลม์เปลีย่นสไีดท้ี่มสี่วนผสมของสารสกดัจากดอกอญัชนั ส่วนสูตรฟิลม์ทีเ่หมาะสมสําหรบัฟิล์มที่มสีาร

สกดัจากกะหลํ่าปลมีว่งและดอกกลว้ยไมส้กุลหวายนัน้เหมอืนกนั คอื คาราจแีนนรอ้ยละ 3 เพคตนิรอ้ยละ 

2 ผงเสน้ใยเซลลูโลสรอ้ยละ 1 และสารสกดัรอ้ยละ 40 โดยสูตรดงักล่าวจะใหฟิ้ลม์เปลีย่นสไีดท้ีม่คี่า ∆𝐸𝐸 

สงูสุด และมคี่าการละลายตํ่า(1, 3) 

หมายเหตุ: จากผลการทดลอง พบว่า ฟิลม์สูตรต่างๆ มคี่าการพองตวัไม่แตกต่างกนัมากนัก จงึไม่ไดนํ้า

ค่าการพองตวัมาใชใ้นการคดัเลอืกสตูรทีเ่หมาะสม ใชเ้พยีงค่า ∆𝐸𝐸 และค่าการละลายของฟิลม์เท่านัน้ 

  



 Page 5 of 92 

4.  คณุสมบติัด้านต่างๆ ของฟิลม์เปล่ียนสีได้ (จดุประสงค ์1.4) 

จากการเปรยีบเทยีบคุณสมบตัขิองฟิล์มเปลี่ยนสไีด้ที่มสี่วนประกอบของสารสกดัชนิดต่างๆ 

และฟิลม์ทีเ่ตรยีมจากสูตรทีเ่หมาะสมแต่ไม่มสีารสกดั (Base film) พบว่า นอกจากคุณสมบตัทิางด้านสี

ของฟิล์มแต่ละชนิดที่มคี่าแตกต่างกนัอย่างมนีัยสําคญั คุณสมบตัอิื่นๆ ของฟิล์มที่พฒันาได้ ไม่มคีวาม

แตกต่างอย่างมนีัยสําคญั กล่าวคอื การเติมสารสกดัจากพชืลงไปไม่มผีลกระทบอย่างมนีัยสําคญักบั

คุณสมบตัดิา้นอื่นๆ ของฟิลม์) และยงัพบว่า ฟิลม์ทีพ่ฒันาไดม้คีุณสมบตัทิางกล คอื แรงต้านทางการดงึ

ยดื (Tensile strength) ตํ่ากว่าฟิลม์ทีท่ําจากคารโ์บไฮเดรตทัว่ไป(8, 9) ซึง่อาจเป็นเพราะมกีารเตมิผงเส้น

ใยเซลลโูลส ทาํใหโ้ครงสรา้งไมเ่รยีบเนียน เกดิเป็นจดุความเคน้รวมศูนย ์(Stress concentrator)(10)  

จากการทดสอบความสามารถในการเปลี่ยนสทีีค่่าความเป็นกรด-ด่างต่างๆ ผลโดยรวม พบว่า 

ฟิล์มที่พฒันาได้สามารถเปลี่ยนสตีามค่าความเป็นกรด-ด่างได้ แต่ในบางคู่ของค่าความเป็นกรด-ด่าง 

โดยเฉพาะในช่วง 4-6 ฟิลม์จะมสีใีกลเ้คยีงกนัมากจนอาจจะยากต่อการแยกแยะดว้ยตาเปล่า (องิผลทัง้

จากค่า ∆𝐸𝐸 ที่ไม่สูงนัก และผลจากการทดสอบทางประสาทสมัผสั) โดยเฉพาะฟิล์มที่มสีารสกัดจาก

กะหลํ่าปลมี่วงและดอกอญัชนั แต่ฟิลม์ทีม่สีารสกดัจากดอกกลว้ยไมส้กุลหวายนัน้จะมคีวามสามารถใน

การเปลีย่นสทีีค่่าความเป็นกรด-ด่างต่างกนัสงูกว่าฟิลม์อกี 2 ชนิด 

จากการทดสอบความสามารถในการเปลี่ยนสทีี่ค่าความเข้มข้นของก๊าซคาร์บอนไดออกไซด์

ต่างกนั ผลโดยรวม พบว่า ฟิล์มที่พฒันาได้ทัง้หมดมคีวามสามารถในการเปลี่ยนสตีํ่า กล่าวคอื ฟิล์มที่

พฒันาไดท้ีม่สี่วนผสมของสารสกดัจากกะหลํ่าปลมีว่ง ดอกกลว้ยไมส้กุลหวายและดอกอญัชนัจะเปลี่ยนสี

ไปจนสงัเกตเหน็ได้ดว้ยตาเปล่า เมื่อบรรยากาศมคีวามเขม้ขน้ของก๊าซคารบ์อนไดออกไซดร์อ้ยละ 75 

100 และ 75 ขึน้ไป ตามลาํดบั  

5.  กลไกการเปล่ียนสีของฟิลม์เปล่ียนสีได้ (จดุประสงค ์1.5) 

การใช้การสงัเกต IR สเปกตรมั เพื่อยนืยนักลไกการเปลี่ยนสขีองฟิลม์ที่มาจากการเปลี่ยนรูป

ของแอนโทไซยานินเมื่ออยู่ในสภาวะความเป็นกรด-ด่างต่างกนันัน้ สามารถยนืยนัการเปลี่ยนแปลงรูป

ของรงควตัถุแอนโทไซยานินประเภทไซยานิดนิไดด้ ีซึง่ไซยานิดนิเป็นแอนโทไซยานินประเภททีพ่บมาก

ในกะหลํ่าปลมี่วงและดอกกลว้ยไมส้กุลหวาย โดยคาดว่า ทีค่่าความเป็นกรด-ด่างประมาณ 2-3 4-5 และ 

6-7 ไซยานิดนิจะอยู่ในรูป Flavylium cation Hemiketal และ Quinoidal base ตามลําดบั จงึทําให้ฟิล์ม

เปลีย่นสจีากสแีดงสม้ เป็นสมีว่ง เมือ่ค่าความเป็นกรด-ด่างสงูขึน้(11) 

ส่วนกลไกการเปลี่ยนสขีองแอนโทไซยานินในสารสกดัจากดอกอญัชนันัน้ เป็นสารแอนโทไซ

ยานินประเภทเดลฟินิดิน โดยคาดว่า สารดังกล่าวจะเปลี่ยนรูปจาก Flavylium cation ไปเป็น 

Anhydrobase และ Anhydrobase anion เมือ่สิง่แวดลอ้มมคี่าความเป็นกรด-ด่าง 2 3-5 และ 7 ตามลาํดบั 

และทําใหฟิ้ลม์เปลีย่นสจีากสมี่วงแดง เป็นสมี่วง และเป็นสฟ้ีา เมื่อค่าความเป็นกรด-ด่างสูงขึน้(12) ทัง้น้ี 

การคาดเดากลไกการเปลีย่นสขีองสารเดลฟินิดนินัน้ ตอ้งใชก้ารสงัเกตสขีองฟิลม์ดว้ยตาเปลา่รว่มดว้ย 

6.  การใช้งานจริงของอินดิเคเตอรท่ี์พฒันาได้ กบัผลิตภณัฑอ์าหาร (จดุประสงค ์2) 

จากการทดลองนําอนิดเิคเตอรม์าใชก้บัผลติภณัฑอ์าหารทีม่อีายุการเกบ็รกัษาสัน้ พบว่า อนิดเิค

เตอรเ์ปลีย่นสเีมื่ออาหารมคี่าความเป็นกรด-ด่างเปลีย่นไป และโดยรวม สทีีแ่สดงมคีวามใกลเ้คยีงกบัสทีี่



 Page 6 of 92 

ไดจ้ากการนําฟิลม์เปลี่ยนสไีดไ้ปจุ่มในสารละลายบฟัเฟอรท์ี่มคี่าความเป็นกรด-ด่างใกลก้บัอาหารนัน้ๆ 

แต่สขีองอนิดเิคเตอรท์ีเ่ปลีย่นไปไม่มคีวามละเอยีดมากพอทีจ่ะบอกความแตกต่างเมื่อค่าความเป็นกรด-

ด่างของอาหารไมแ่ตกต่างกนัมากนกัได ้อกีทัง้ ในบางกรณ ีสทีีเ่ปลีย่นไปของอนิดเิคเตอรไ์มเ่หมอืนกบัสี

ของอนิดเิคเตอรท์ี่จุ่มลงในสารละลายบฟัเฟอร ์หรอืเมื่อนําอนิดเิคเตอรไ์ปใช้กบัอาหารบางชนิด สขีอง

อินดเิคเตอรซ์ดีลงไปภายหลงัจากการใช้ไปเพียง 2-3 วนัอีกด้วย (ปัญหาที่พบ เมื่อใช้กบัผลติภณัฑ์

ประเภทผลไม้ตัดแต่งที่มขีองเหลวปรมิาณมาก และ/หรอืมคี่าความเป็นกรด-ด่างใกล้เคียง 7) อาจ

เน่ืองมาจากการทีอ่นิดเิคเตอรต์้องสมัผสักบัผลติภณัฑอ์าหารโดยตรง จงึอาจไดร้บัผลกระทบจากหลาย

ปัจจยั เช่น การเกิดสารประกอบหรือการเกิดโคพิกเมนต์เทชัน่ (Copigmentation) หรือการได้ร ับ

ผลกระทบจากโลหะหรอืเอนไซม ์เป็นต้น(13, 14) อนิดเิคเตอรท์ี่พฒันาจงึไม่เหมาะที่จะนําไปใช้กบังานที่

เกี่ยวข้องกบัความปลอดภยัของอาหาร แต่มคีวามเป็นไปได้ในการนําไปใช้บอกคุณภาพ (ในด้านที่

เกี่ยวขอ้งกบัค่าความเป็นกรด-ด่าง) ของอาหาร โดยพบว่า อนิดเิคเตอรส์ามารถเปลีย่นสแีละมคีวามคง

ตวัของสดีเีมื่อใชก้บัอาหารประเภทอาหารหมกั อาจจะเน่ืองมาจากสารแอนโทไซยานินจะมคีวามคงตวั

สงูขึน้ในสภาวะทีเ่ป็นกรด(11, 15) 

หมายเหตุ: การตรวจสอบการใช้งานจรงิของอนิดเิคเตอรส์ําหรบัก๊าซคารบ์อนไดออกไซด์ที่พฒันาได้ 

กบัผลติภณัฑอ์าหารนัน้ ไม่ได้ทําการทดลอง เน่ืองจากฟิล์มที่พฒันาได้มคีวามสามารถในการเปลีย่นสี

ตามปรมิาณก๊าซคารบ์อนไดออกไซดต์ํ่า 

7.  อายกุารเกบ็รกัษาของอินดิเคเตอรท่ี์พฒันาได้ (จดุประสงค ์1.6) 

อนิดเิคเตอรท์ีม่สี่วนประกอบของสารสกดัจากกะหลํ่าปลมี่วง ดอกกลว้ยไมส้กุลหวาย และดอก

อญัชนัทีพ่ฒันาได ้เมื่อเกบ็ไวใ้นบรรจุภณัฑส์ุญญากาศ ณ อุณหภูมหิอ้ง สามารถเกบ็ไวไ้ดน้าน 2 4 และ 

4  สปัดาห ์ตามลําดบั หากเกบ็ไวน้านกว่านัน้ เมื่อนําไปทดสอบความสามารถในการเปลีย่นสทีีค่่าความ

เป็นกรด-ด่างต่างๆ จะมสีเีพี้ยนไปจนสงัเกตได้ (ค่า ∆𝐸𝐸 ต่างกนั 4.0 ขึ้นไป(4)) ไม่เหมอืนสเีดมิ ณ ค่า

ความเป็นกรด-ด่างนัน้ๆ โดยการเปลีย่นแปลงทีเ่กดิขึน้ อาจจะมจีากการเสื่อมสลายหรอืการเกดิปฏกิริยิา

สน้ํีาตาลของสารแอนโทไซยานินทีม่คีวามคงตวัไม่สงูมากนัก โดยเฉพาะสารแอนโทไซยานินชนิด ไซยา

นิดนิ(11) ซึง่เป็นแอนโทไซยานินชนิดหลกัในกะหลํ่าปลมีว่งและดอกกลว้ยไมส้กุลหวาย(16, 17) 

 

ข้อเสนอแนะการนําไปใช้และการวิจยัต่อยอด: 

 อนิดเิคเตอรท์ีพ่ฒันาขึน้นัน้ อยู่ในขัน้การทดสอบความเป็นไปได ้(Proof of concept) ซึง่พบว่า 

ยงัตอ้งมกีารพฒันาเพิม่เตมิ ก่อนจะสามารถนําไปใชใ้นระบบบรรจุภณัฑอ์าหารสาํหรบัอาหารทีม่อีายุการ

เกบ็รกัษาสัน้ ไดจ้รงิ โดยดา้นทีค่วรทําการพฒันาต่อไป คอื การหาเทคนิคทีจ่ะช่วยทําใหร้งควตัถุแอนโท

ไซยานินมคีวามคงตวัสูงขึน้ ดงัจะเหน็ได้จากผลการวจิยัว่า เมื่อนําไปใช้กบัผลติภณัฑอ์าหารจรงิ บาง

กรณีพบว่า อินดิเคเตอร์มสีีซีดลงอย่างรวดเร็ว ซึ่งอาจเป็นผลจากการเสื่อมสลายของสารรงควัตถุ

ดงักล่าว หรอืมกีารซมึของสารสอีอกจากอนิดเิคเตอร ์เขา้ไปในผลติภณัฑอ์าหาร เทคโนโลยทีีส่ามารถ

นํามาวจิยัเพื่อแก้ไขปัญหาดงักล่าว ยกตวัอย่างเช่น การใชเ้ทคนิคโคพกิเมนต์เทชัน่กบัสารอนิทรยีห์รอื

รงควตัถุชนิดอื่นเกดิเป็นสารทีม่คีวามเสถยีรสูงกว่าเดมิ เช่น กรดฟีนอลกิ กรดอะมโิน หรอืรงควตัถุแอน
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โทไซยานินด้วยกนัเอง(18, 19) หรอืใช้โลหะ เช่น Fe+3 หรอื Zn2+(12, 20, 21) ทัง้น้ี เทคนิคน้ีอาจจะส่งผลให้

แอนโทไซยานินมคีวามคงตวัมากขึน้ แต่ในขณะเดยีวกนัมกัจะมผีลต่อคุณสมบตัคิวามสามารถในการ

เปลีย่นสี(18, 19) จงึควรตอ้งทาํการศกึษาในดา้นดงักล่าวควบคู่กนัไป หากสามารถทําการพฒันาใหแ้อนโท

ไซยานินมคีวามคงตวัสงูขึน้แลว้ อายกุารเกบ็รกัษาของอนิดเิคเตอรท์ีไ่ดจ้ะยาวนานขึน้อกีดว้ย 

 การเลอืกใช้สารก่อเจล (สารขึน้รูปฟิล์ม) ชนิดอื่น อาจะสามารถแก้ปัญหาด้านความคงตวัของ

ฟิล์มและความเสถยีรของรงควตัถุได้ในคราวเดยีวกนั ยกตวัอย่างเช่น สารก่อเจลประเภทเวย์โปรตีน 

(Whey protein) สามารถเกิดโคพกิเมนต์เทชัน่ได้ในระดบัที่สูงกว่าสารก่อเจลประเภทเพคตนิ(22) และ

ฟิลม์ทีเ่ตรยีมไดซ้ึง่จดัเป็นฟิลม์ประเภทฟิลม์โปรตนี (Protein-based film) ยงัมคีุณสมบตัมิคี่าการละลาย

น้ําตํ่าอกีดว้ย(23) ทัง้น้ี การศกึษาการใชเ้วยโ์ปรตนีควรมกีารศกึษาเรื่องผลกระทบของการสญูเสยีสภาพ

ทางธรรมชาต ิ(Denaturation) โพลเิมอรก่์อเจลชนิดอื่นๆ ทีส่ามารถนํามาทดลองผลติอนิดเิคเตอร ์ไดแ้ก่ 

ไคโตซาน และ โปรตนีซนี (Zein protein) หรอืใชโ้พลเิมอรห์ลายชนิดผสมกนั(3, 23) 

 ถึงแม้จะมกีารพัฒนาอินดิเคเตอร์ที่มีสารสกัดจากพืชที่มีรงควตัถุหลกัเป็นแอนโทไซยานิน

เพิม่เตมิแลว้ มคีวามเป็นไปไดสู้งมากว่า อนิดเิคเตอรด์งักล่าวจะไม่มคีวามละเอยีดมากพอทีจ่ะบอกการ

เปลีย่นแปลงของค่าความเป็นกรด-ด่างของผลติภณัฑอ์าหาร เพื่อเพิม่ความปลอดภยัของอาหารได ้แต่

อินดิเคเตอร์ดังกล่าว สามารถที่จะนําไปประยุกต์ใช้ในบรรจุภัณฑ์อัจฉริยะ ที่ทําหน้าที่บอกการ

เปลี่ยนแปลงของค่าความเป็นกรด-ด่างของอาหารในแง่ที่เกี่ยวข้องกบัคุณภาพในการรบัประทานได้ 

ยกตวัอย่างเช่น อนิดเิคเตอรส์ามารถทีจ่ะบอกผูบ้รโิภคผลติภณัฑป์ลาสม้หรอืแหนมเหด็ไดเ้มื่อถงึเวลาที่

จะยา้ยการเก็บผลติภณัฑด์งักล่าวจากอุณหภูมหิอ้งไปไวใ้นตู้เยน็ (อุณหภูม ิ4 องศาเซลเซยีส) เป็นต้น 

การมุ่งใช้อินดเิคเตอร์ดงักล่าว ในอาหารหมกั ยงัมผีลเพิม่ความคงตวัของแอนโทไซยานินซึ่งมคีวาม

เสถยีรมากกวา่เมือ่อยูใ่นสภาวะทีม่คี่าความเป็นกรด-ด่างตํ่า(15) 
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Objectives (วตัถปุระสงค)์ 

 

 Packaging is a necessary tool to maintain the product’s safety and quality. Packaging for 

food products, if used appropriately, could help to protect the content inside from extrinsic factors, 

such as moisture and gases, mechanical forces, etc. that could potentially damage the product’s 

quality and/or reduce the product’s shelf-life, during storage and distribution. Well-designed 

packaging system could communicate (at least) crucial information of the product to the end-

users(24, 25). The introduction of intelligent packaging technologies, which incorporate additional 

devices, e.g. time-temperature indicator (TTI), pH-, or ethylene indicator, increase the ability of 

the package to communicate the product’s current quality to the users, without having to open 

the package. Packaging equipped with pH indicator could give information on sensorial quality of 

food content to potential consumers. It could also indicate the state of microbiological quality of 

the products; similar to the use of CO2 indicator; to notify if the content is safe for consumption. 

Therefore these novel packaging systems could help the consumers in their decision making 

step, reduce food waste, and, most importantly, reduce the risks of foodborne disease by warning 

of possible problems(26-28).  

 Globally, the use of novel packaging technologies like intelligent-, active packaging, as 

well as, modified atmosphere packaging (MAP) reached around 17 billion in 2008, with the 

compound annual growth rate of 6.9%(27). On the other hand, the use of packaging, especially 

when over-packaged, also generate significant amount of solid waste. Currently, packaging waste 

makes up around 30% of global solid waste composition(29). Thus, due to increasing 

environmental concerns, as well as, the global trend in sustainability, convergent changes towards 

packaging from renewable sources and/or packaging made from biodegradable materials are 

growing. These new packaging technologies, giving proper waste management, would not only 

perform required packaging functions, but would also reduce packaging waste(28). 

 Therefore, this project was aimed to develop pH- and CO2 indicators from bio-based, 

biodegradable materials, and natural acid/base indicator extracted from plants to be used as part 

of intelligent packaging for RTE- and short shelf-life food products. Specific objectives, along with 

corresponding methodology and outcome are listed below: 

1. To develop colorimetric indicators for pH and CO2 from bio-based materials and plant 

extract that are stable enough to be used in packaging system for short shelf-life foods 

1.1. To select plant that contain pigment which can change color according to the 

change in pH of the environment (Section 2 of Materials and Methods; Section 1 

of Results and Discussion) 
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1.2. To optimize microwave assisted hot water extraction of selected plant (Section 3 

of Materials and Methods; Section 2 of Results and Discussion) 

1.3. To identify suitable formula for colorimetric layer consisted of plant extract (Section 

4 and 5 of Materials and Methods; Section 3 and 4 of Results and Discussion) 

1.4. To characterize properties of the developed colorimetric layer and test for the film’s 

sensitivity to changes in pH and CO2 concentration (Section 6 and 7 of Materials 

and Methods; Section 5, 6, and 8 of Results and Discussion) 

1.5. To study color-changing mechanism of the developed colorimetric layer (Section 

8 of Materials and Methods; Section 9 of Results and Discussion) 

1.6. To estimate shelf-life of the developed indicator (Section 9 Materials and Methods; 

Section 10 of Results and Discussion) 

2. To investigate the potential uses of both indicators in food packaging applications 

(Section 7 Materials and Methods; Section 7 of Results and Discussion) 
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Materials and Methods (วิธีทดลอง) 

 

 The research methodology for developing feasible pH- and CO2 indicators is outlined in 

Scheme 1; each research phase is described below. Briefly, several plants were screened for 

their color-changing ability when exposed to different pH (2). The optimal extraction condition for 

each selected plant was investigated using response surface methodology (RSM) (3). The plant 

extracts obtained from using determined, optimal extract conditions were used to prepare film 

samples, and the optimal film formula was determined using RSM (4). The suitable color extract 

concentration for each plant type to be used in the indicators was then determined (5). The 

developed colorimetric films were characterized (6), tested for their performance as pH- or CO2 

indicator (7), studied their color-changing mechanisms (8), and determined their shelf-lives (9).      

 

Screening of plant extract (2) 

 
Aqueous extraction of selected plant (3) 

 
Film formation and formula optimization (4) 

 
Selection of color extract concentration (5) 

 

 

 

 

 

 

 

 
Indicator film 

characterization  (6) 

Performance testing 

(7) 

Mechanism study  

(8) 

Shelf-life testing 

(9) 
 

Scheme 1. Development of pH- and CO2 indicators from biodegradable materials and plant 

extract; and their utilization 

 

1.  Materials 

Fresh red cabbage (Brassica oleraces var. capitate f. rubra)(2, 30), rose (Rosa L.)(31, 32), and 

Dendrobium orchid (Dendrobium Sonia ‘Earsakul’)(33), and dry butterfly pea (Clitoria ternatea L.)(2, 

34) were purchased from local supermarkets in Bangkok and Kanchanaburi, Thailand. Fresh plant 

samples were stored at 4±1ºC; and dry plant sample was kept, in desiccator, at room temperature, 

until used. Cultivated banana (Musa ABB cv. Kluai ‘Namwa’) was purchased from local markets 

in Kanchanaburi, Thailand. Fermented fish and fermented mushroom were prepared in the 
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laboratory(35, 36) using ingredients purchased from local supermarket in Bangkok, Thailand. Other 

food samples were purchased from local supermarkets in Bangkok and Kanchanaburi, Thailand 

Colorless buffers of pH 2.0, 3.0, 4.0, 5.0, 6.0, and 7.0 (Reagecon, Munster, Ireland) were 

purchased from Apex Chemicals Co., Ltd., Bangkok, Thailand. Carboxylmethyl cellulose (CMC), 

carrageenan, pectin, and cellulose powder were purchased from Chemipan Corporation Co., Ltd., 

Bangkok, Thailand. Disposable plastic cuvette (Bibby Scientific Ltd., Staffordshire, UK) was used 

in UV-Vis spectroscopy experiment. Paraffin film (Bemis Co., Ltd., Neenah, WI, USA) and paraffin 

wax and were purchased from Chemipan Corporation Co., Ltd., Bangkok, Thailand; cellophane 

film was purchased from Gammaco (Thailand) Co., Ltd., Nonthaburi, Thailand; cellophane tape 

(3M 610 cellophane tape) was purchased from D&B quality store Co., Ltd., Bangkok, Thailand; 

and polylactide (PLA) sheet was purchased from Brownie Points Co., Ltd., Bangkok, Thailand.   

 Colorless buffer solutions of pH 1.0 and 4.5 used in determination of total monomeric 

anthocyanin pigment content were prepared from potassium chloride (KCl, Ajax Finechem, New 

South Wales, Australia) and sodium acetate (CH3CO2Na∙3H2O, Ajax Finechem, New South 

Wales, Australia), respectively. The buffer solutions were adjusted their final pH with hydrochloric 

acid (HCl, Fisher Scientific, MA, USA)(37). Banana flour was prepared by drying unripe cultivated 

banana flesh and ground into powder(38).  

 

2.  Screening of plant extract 

 The first phase was to screen for potential plant extracts to be used in indicator film, by 

preparing plant extracts from several plants reported to be 1) used as acid/base indicators; and 

2) rich in anthocyanins, using hot water extraction (HWE) method. For the screening phase, the 

extract condition applied should result in extract with visible color; color intensity of extract should 

be sufficient for visual comparison if its color changes.  

 

2.1.  Plant sample preparation 

For rose (open flower or OF stage)(39), Dendrobium orchid (growth stage 5)(40), and dry 

butterfly pea, only flower petals were used. For red cabbage, the leaves were used and the core 

was discarded (Figure 1). All plant samples were cut into small pieces; and used within 1 h of 

preparation(1, 2).      

 

2.2.  Hot water extraction 

Each cut sample was extracted, using hot water extraction (HWE) method. Briefly, known 

amount of plant sample was submersed for 30 min, in 300 mL of distilled water that had been 
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installed in waterbath (Memmert Waterbath WNE 22, Schwabach, Germany), set at 80ºC. 

Sample to hot water ratios used in the experiment were listed in Table 1. The heated mixture 

was filtered using cheesecloth, the residue was discarded, and the color extract was left to cool 

to room temperature before further testing(1, 2). All experiments were performed in triplicate.    

 

    
Rose (Rosa L.) Dendrobium orchid 

(Dendrobium Sonia 

‘Earsakul’) 

Red cabbage  

(Brassica oleraces 

var. capitate f. rubra) 

Dry butterfly pea  

(Clitoria ternatea L.) 

 

Figure 1. Plant samples used in hot water extraction 

     

Table 1: Plant sample to water ratio used in hot water extraction 

Plant Type Weight (g) Hot Water (mL) Extraction Ratio (g/mL) 

Red cabbage 100 300 1:3 

Rose 100 300 1:3 

Dendrobium orchid 100 300 1:3 

Dried butterfly pea 10 300 1:30 

  

2.3. Color comparison of color extracts 

Each obtained plant extract was mixed with colorless pH buffer of pH 3.0, 5.0, or 7.0. 

Visual comparisons were made on colors of extract at different pH points(1). The extracts were 

also measured their color values, i.e. L*, a*, and b* values using handheld colorimeter (CR-400 

Chroma Meter, Konica Minolta Inc., Osaka, Japan). Twenty mL of extract was used and the 

measurements were randomly performed at 5 different locations of the same extract sample.  
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3.  Aqueous extraction of selected plant  

 This step involved identifying optimal extract condition of microwave assisted hot water 

extraction (mHWE) for each selected plant to obtain maximum extraction yield, and still maintain 

the quality of the extract. The determination of optimal mHWE condition for each plant was carried 

out according to RSM. The investigating parameters were 1) microwave power (Watt), 2) 

extraction time (second), and 3) plant to water ratio (g/mL); and the response was absorbance at 

λmax read by UV-Visible spectrophotometer (LAMBDATM 35 UV/Vis Spectrophotometer, 

PerkinElmer Inc., MA, USA)(37). The conditions that gave highest absorbance, without altering the 

properties of the obtained extract, i.e. did not significant decrease total anthocyanin content, did 

not burn the mixture, or did not alter the visible spectrum of the extract, would be used for color 

extraction. The amount of total monomeric anthocyanin pigment content in extracted solutions 

were also determined, using pH differential method(37). 

 The obtained plant extracts prepared using optimal condition were kept in airtight container 

wrapped with aluminum foil, at 4ºC, and used in further steps within 24 hours of extraction. The 

extract was measured its absorbance at λmax before used, and adjusted its concentration level to 

ensure that the optical properties of the plant extract were consistent for every batch of film 

prepared(1).  

 

3.1.  Plant sample preparation 

See Step 2.1. 

 

3.2.  Hot water extraction 

Table 2 shows extraction conditions used in the experiment. Pre-determined amount of 

plant sample was submersed in 300 mL, 80ºC distilled water installed in waterbath. The 

extractions were carried out at 80˚C, for 10 to 180 min (increment of 10 min). After the extraction, 

the heated mixture was filtered using cheesecloth; the aliquot was collected as color extract and 

left to cool to room temperature before further testing(1, 2). All experiments were performed in 

triplicate.            

 

3.3.  Microwave assisted hot water extraction  

To determine the range of sample to water ratio, and extraction power and time, 

preliminary experiments were conducted. The selected levels of all testing parameters, listed in 

Table 3, were sufficient to yield extracts with visible color and did not cause significant violent 

boiling. 
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Table 2: Conditions used in hot water extraction 

Plant Type 
Sample to Water Ratio 

(g/mL) 

Extraction  

Temperature 
Extraction Time (min) 

Red cabbage 1:3 

80 
10-180  

(10-min interval) 
Dendrobium orchid 1:3 

Butterfly pea 1:30 

 

Table 3: Testing parameters for microwave assisted hot water extraction 

Parameter Plant Type 
Effective 

Range 

 Code  

- 0 + 

Sample to water ratio 

(g/mL) 

Red cabbage 

Dendrobium orchid 
1:5 – 1:3 1:5 1:4 1:3 

Butterfly pea 1:50 – 1:30 1:50 1:40 1:30 

Extraction power (W) 

Red cabbage 

Dendrobium orchid 

Butterfly pea 

480 - 800 480 640 800 

Extract time (s) 

Red cabbage 

Dendrobium orchid 
120 - 480 120 300 480 

Butterfly pea 60 - 180 60 120 180 

 

Table 4 and 5 show 15 extraction treatments conducted in random order according to 

response surface methodology (RSM) – Box-Behnken design. All treatments listed were 

conducted in triplicate. For each treatment, known amount of plant sample was submersed in 

300 mL of distilled water at room temperature, for 60 s to ensure thorough submersion, before 

starting the microwave heating process using household microwave oven (LG MG-3937C 

Microwave Oven, LG Electronics, Bangkok, Thailand). After the treatment, the mixture was 

filtered, and plant extract was collected and left to cool to room temperature(41, 42).  

 

3.4.  UV-Vis spectroscopy  

The visible spectra and 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of plant extracts, from hot water extraction (HWE) and 

microwave assisted hot water extraction (mHWE), were obtained using UV-Vis 

spectrophotometer.    
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Table 4: Conditions for microwave assisted hot water extraction of red cabbage and Dendrobium 

orchid 

Treatment Code 
Sample to Water Ratio 

(g/mL) 

Extract Power  

(W) 

Extraction Time 

(s) 

1 0 0 0 1:4 640 300 

2 0 - + 1:4 480 480 

3 - - 0 1:5 480 300 

4 0 0 0 1:4 640 300 

5 - 0 - 1:5 640 120 

6 0 0 0 1:4 640 300 

7 + - 0 1:3 480 300 

8 + + 0 1:3 800 300 

9 + 0 - 1:3 640 120 

10 0 - - 1:4 480 120 

11 0 + - 1:4 800 120 

12 0 + + 1:4 800 480 

13 - + 0 1:5 800 300 

14 + 0 + 1:3 640 480 

15 - 0 + 1:5 640 480 

 

Table 5: Conditions for microwave assisted hot water extraction of butterfly pea 

Treatment Code 
Sample to Water Ratio 

(g/mL) 

Extract Power  

(W) 

Extraction Time 

(s) 

1 0 0 0 1:40 640 120 

2 0 - + 1:40 480 180 

3 - - 0 1:50 480 120 

4 0 0 0 1:40 640 120 

5 - 0 - 1:50 640 60 

6 0 0 0 1:40 640 120 

7 + - 0 1:30 480 120 

8 + + 0 1:30 800 120 

9 + 0 - 1:30 640 60 

10 0 - - 1:40 480 60 
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Treatment Code 
Sample to Water Ratio 

(g/mL) 

Extract Power  

(W) 

Extraction Time 

(s) 

11 0 + - 1:40 800 60 

12 0 + + 1:40 800 180 

13 - + 0 1:50 800 120 

14 + 0 + 1:30 640 180 

15 - 0 + 1:50 640 180 

 

3.5. Determination of total monomeric anthocyanin pigment content 

The amount of total monomeric anthocyanin pigment in extracted solution was 

determined, using pH differential method(37). Briefly, the extract was mixed with pH 1.0 or pH 4.5 

buffers (final concentration of the extract in the solution should not exceed 20% vol/vol). The 

solutions were then measured their absorbance at 520 and 700 nm, using UV-Vis 

spectrophotometer. Amount of anthocyanin pigment was calculated using Equation 1 and 2. 

 
𝐴𝐴  =  (𝐴𝐴520𝑛𝑛𝑛𝑛 −  𝐴𝐴700𝑛𝑛𝑛𝑛)𝑝𝑝𝑝𝑝1.0 −  (𝐴𝐴520𝑛𝑛𝑛𝑛 −  𝐴𝐴700𝑛𝑛𝑛𝑛)𝑝𝑝𝑝𝑝4.5 (1) 

   

Total monomeric anthocyanin (cyanidin-3-glucoside equivalents, mg/L) =  
𝐴𝐴 ×  𝑀𝑀𝑤𝑤  ×  𝐷𝐷𝐷𝐷 ×  103

𝜀𝜀 ×  1
 (2) 

 

where 𝑀𝑀𝑤𝑤 is molecular weight of cyanidin-3-glucoside (cyd-3-glu) = 449.2 g/mol; DF is dilution 

factor; 1 represents pathlength in cm; 𝜀𝜀 is molar extinction coefficient for cyd-3-glu = 26,900 

L∙mol-1∙cm-1. 

 

3.6. Data analysis for response surface modeling  

To obtain mathematical models of mHWE of all selected plants, the response, i.e. 

absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of the extracts were analyzed using JMP 8.0 program (SAS Institute Inc., 

Cary, NC, USA). Equation 3 describes 2nd-order polynomial equation used to develop a predictive 

model for mHWE of selected plants: 

 
𝑦𝑦 =  β0 +  β1𝓍𝓍1 +  β2𝓍𝓍2 +  β3𝓍𝓍3 +  β12𝓍𝓍1𝓍𝓍2 + β13𝓍𝓍1𝓍𝓍3 +  β23𝓍𝓍2𝓍𝓍3 

+ β11𝓍𝓍12 +  β22𝓍𝓍22 +  β33𝓍𝓍32 +  ε 
(3) 
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where 𝑦𝑦 is absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 or total monomeric anthocyanin content; 𝓍𝓍1, 𝓍𝓍2, and 𝓍𝓍3 is coded 

values of sample to water ratio (g/mL), extraction power (W), and extraction time (s), respectively; 

𝛽𝛽0 is intercept; 𝛽𝛽1, 𝛽𝛽2, and 𝛽𝛽3 are linear effects of sample to water ratio, extraction power, and 

extraction time, respectively; 𝛽𝛽11, 𝛽𝛽22, and 𝛽𝛽33 are quadratic effects of sample to water ratio, 

extraction power, and extraction time, respectively; 𝛽𝛽12, 𝛽𝛽13, and 𝛽𝛽23 are interaction effects of 

sample to water ratio and extraction power, sample to water ratio and extraction time, and 

extraction power and extraction time, respectively; and ε  is residual error. 

 

4. Film formation and formula optimization 

 The colorimetric films consisted of plant extracts were prepared using casting method. 

The optimal formula of each colorimetric layer was identified using RSM. The responses were 

color change in response to pH of the films (∆𝐸𝐸 ), film solubility, and swelling ratio(1). The 

colorimetric films were then measured their properties.   

  

4.1.  Plant extract preparation   

Table 6 shows extraction conditions that were used for each plant sample. All extracts 

were individually prepared for each batch of film.        

 

Table 6: Extraction conditions used in microwave assisted hot water extraction of selected plants 

Plant type 
Sample to Water Ratio 

(g/mL) 

Extraction Power 

(W) 

Extraction Time 

(min) 

Red cabbage 1:3 800 8 

Dendrobium orchid 1:3 800 8 

Dry butterfly pea 1:30 800 3 

 

4.2.  Film formation 

Materials used for casting of colorimetric layer of indicator film were listed in Table 7. 

Briefly, film solution was prepared by mixing the ingredients together with water at 80ºC, until 

the solution was homogeneous, and then degassed using vacuum pump(1). The film solution was 

then casted on to a flat surface, and air-dried for predetermined time. The obtained films were 

stored in airtight container at ambient temperature for further testing. Three batches of films were 

prepared for each formula. The concentration range of each material used was determined, in 

preliminary experiments. RSM – Mixture design was implemented for formulation optimization of 
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colorimetric layers with red cabbage or Dendrobium orchid extracts; and RSM – Box-Behnken 

was implemented for formulation optimization of colorimetric layer with dry butterfly pea extract.   

 

Table 7. Film formula of colorimetric layer (based on 100 mL of film solution) 

Plant type Amount used (mL) Materials Amount range (g)* 

Red cabbage 40 mL 

CMC 

Carrageenan 

Banana flour 

Pectin 

Cellulose powder 

0-3 g 

0-3 g 

0-3 g 

2 g (fixed) 

1 g (fixed) 

Dendrobium 

orchid 
40 mL 

CMC 

Carrageenan 

Banana flour 

Pectin 

Cellulose powder 

0-3 g 

0-3 g 

0-3 g 

2 g (fixed) 

1 g (fixed) 

Dry butterfly pea 6 mL 

CMC 

Carrageenan 

Pectin 

Cellulose powder 

0-2 g 

0-2 g 

1-4 G 

1 g (fixed) 

*25% (w/w), based on gelling agents' total dry weight, of sorbitol was added to all formula 

 

4.3.  Film characterization 

The prepared film samples were measured important properties, i.e. color change in 

response to pH, swelling ratio, and film solubility. All testing was conducted in triplicates.       

4.3.1.  Color change in response to pH 

The prepared films were immersed in pH buffers of pH 3.0, 5.0, and 7.0. After 

predetermined time, the films were measured their color values (L*, a*, and b*), using handheld 

colorimeter. Color values of each replication were calculated from 5 different locations of the same 

film. The color values of the films at different pH were used to calculate ∆𝐸𝐸 values for color 

change in response to pH at 3 and 7 (∆𝐸𝐸3,7)(2). 

 

∆𝐸𝐸𝑥𝑥𝑥𝑥∗  =  ��𝐿𝐿𝑦𝑦∗ − 𝐿𝐿𝑥𝑥∗ �
2

+ �𝑎𝑎𝑦𝑦∗ − 𝑎𝑎𝑥𝑥∗�
2

+ �𝑏𝑏𝑦𝑦∗ − 𝑏𝑏𝑥𝑥∗�
2

 (4) 
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where, in color space, 𝐿𝐿∗  indicates lightness; 𝑎𝑎∗  (green-red) and 𝑏𝑏∗  (blue-yellow) are chromaticity 

coordinates.  

 

4.3.2.  Determination of film solubility 

The prepared film samples were determined their solubility using method outlined by 

Hosseini et al (2009). Briefly, the film sample was dried at 105ºC before immersing in 100 mL of 

distilled water, with constant stirring, for 1 h, and then the mixture was filtered through filter paper. 

Used filter paper, along with remaining film sample, was dried at 105ºC before being weigh. The 

film solubility could be calculated using Equation 5(3). 

 

% 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =   
𝑤𝑤1 − (𝑎𝑎2 − 𝑎𝑎1)

𝑤𝑤1
× 100 (5) 

 

where 𝑤𝑤1 is initial weight of film sample; 𝑎𝑎1 is initial weight of filter paper; and 𝑎𝑎2 is final weight 

of used filter paper after drying. 

 

4.3.3.  Swelling ratio 

Two types of swelling ration were measured for each film formula, i.e. mass swell ratio 

and volume swell ratio(43). First, the prepared films were measure their dry weight and volume. 

The film samples were then submerged in phosphate buffer of pH 3.0 and 7.0 (to determine 

swelling degree of the films in the environment of pH 3.0 and 7.0, respectively), until the 

equilibrium swelling was reached. The swollen samples were then measure their weights and 

volumes. The film’s swelling ratio could be calculated using Equation 6 and 7. 

 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =   
(𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 −𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
 (6) 

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =   
(𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
 (7) 

 

4.4.  Identification of suitable formula for colorimetric layer  

Obtained data of important properties listed in 4.3. were later used as response for RSM 

to identify suitable formula for each colorimetric film through desirability analysis. Generally, the 

formula that gives low solubility and swelling ratio, and high degree of color change (∆𝐸𝐸) in 

response to pH is preferred.  
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5. Selection of color extract’s concentration 

 To identify the appropriate concentration of each plant extract to be included in the 

colorimetric film, the suitable film formula from Step 4 was used to prepared indicator films at 

various plant extract concentrations, and then subjected to sensory testing. 

  

5.1.  Film formation    

In this study, the concentrations of plant extracts (prepared according to Step 4.1) used 

were varied to identify the most suitable concentration for each colorimetric film type. The film 

samples with red cabbage, Dendrobium orchid, and butterfly pea extracts were prepared as 

outlined in Step 4.2 according to formula listed in Table 8 below.  

 

Table 8: Film formula of colorimetric layers (based on 100 mL of film solution)  

Plant type 
CMC 

(g) 

Carrageenan 

(g) 

Pectin 

(g) 

Cellulose 

powder (g) 
Extract (mL) 

Red cabbage 0 3 2 1 
20-50 mL 

(increment of 10) 

Dendrobium orchid 0 3 2 1 
20-50 mL 

(increment of 10) 

Dry butterfly pea 1.5 1.5 1.5 1 
4-10 mL 

(increment of 2) 

 

5.2.  Film characterization 

The prepared film samples were measured their color change in response to pH. Briefly, 

film samples were immersed in pH buffers of pH 3, 5, and 7, for predetermined time, the films 

were measured their color values (L*, a*, and b*), using handheld colorimeter. Color values of 

each replication were calculated from 5 different locations of the same film. The color values of 

the films at different pH were used to calculate ∆𝐸𝐸 and ∆𝐻𝐻 values for color change in response 

to pH at 3 and 7 (∆𝐸𝐸3,7 and ∆𝐻𝐻3,7)(2). Testing was conducted in triplicate. ∆𝐻𝐻 was calculated 

according to Equation 8-10. 

 

∆𝐻𝐻𝑥𝑥𝑥𝑥∗  =   �∆𝐸𝐸𝑥𝑥𝑥𝑥∗2 − �𝐿𝐿𝑦𝑦∗ − 𝐿𝐿𝑥𝑥∗ �
2
− ∆𝐶𝐶𝑥𝑥𝑥𝑥∗2 (8) 

 

∆𝐶𝐶𝑥𝑥𝑥𝑥∗2 =   �𝐶𝐶𝑦𝑦∗ − 𝐶𝐶𝑥𝑥∗�
2

 (9) 
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𝐶𝐶∗ =   �𝑎𝑎∗2 + 𝑏𝑏∗2 (10) 

 

where, in color space, 𝐿𝐿∗ indicates lightness; 𝑎𝑎∗ (green-red) and 𝑏𝑏∗ (blue-yellow) are chromaticity 

coordinates. 

 

6. Indicator film characterization  

 The developed indicator films with selected plant extract concentration, along with the 

base films prepared from suitable formula without the plant extract, were characterized their 

physical-, optical-, morphological, mechanical-, and thermal properties.  

 

6.1 Film preparation 

Film samples and base films were prepared as outlined in Step 4.2 according to formula 

listed in Table 9.  

 

Table 9: Film formula of colorimetric films and base films (based on 100 mL of film solution)  

Film type 
CMC 

(g) 

Carrageenan 

(g) 

Pectin 

(g) 

Cellulose 

powder (g) 

Extract 

(mL) 

Base film for film with red cabbage 

or Dendrobium orchid extract 

0 3 2 1 - 

Base film for film with butterfly pea 

extract 

1.5 1.5 1.5 1 - 

Film with red cabbage extract 0 3 2 1 40 mL 

Film with Dendrobium orchid 

extract 

0 3 2 1 40 mL 

Film with butterfly pea extract 1.5 1.5 1.5 1 6 mL 

  

6.2.  Physical properties 

a. Thickness, using micrometer (M120-25, Mitutoyo, Kawasaki, Japan) 

b. Water activity (aw), using water activity meter (3TE Decagon devices, Aqua Lab, 

Corona, CA, USA) 

c. Moisture content(44)  

d. Solubility(3)  

e. Volume swelling ratio(45)  
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6.2.  Optical properties; the prepared indicators were measured their natural color values 

(L*, a*, and b*), using handheld colorimeter(2). 

6.3. Morphological properties; the indicators’ surfaces were observed their morphologies, 

using scanning electron microscopy (SEM; JSM-7610F, JEOL Ltd., Akishima, Tokyo, 

Japan and X-MaxN 20, Oxford Instruments, Abingdon, UK). 

6.4. Mechanical properties; tensile strength and % elongation of the indicators were 

assessed using universal testing machine (H10 KM, Hounsfield Test Equipment Ltd., 

Redhill, UK), according to ASTM D882-02 standard(46) 

6.5. Thermal properties; glass transition temperature (Tg) and decomposition temperature 

(if applicable) were measured using simultaneous thermal analyzer (TGA/DSC 3+, 

Mettler-Toledo (Thailand) Ltd., Bangkok, Thailand), according to ASTM D3418-03 

standard(47) 

 

7. Performance testing 

 

7.1.  Colorimetric film formation   

See Step 6.1. 

 

7.2. Determination of the film’s pH sensitivity 

 The sensitivity and limitation of the colorimetric layers was investigated by immersing the 

films in pH buffers of pH 2 to 7 (increment by 1) for 20 minutes. The colors values of the immersed 

films were then measured using handheld colorimeter, and used to calculate ∆𝐸𝐸 values. Color 

values of each replication were calculated from 5 different locations of the same film. Based on 

preliminary experiment, the pairs of films at different pH that have ∆𝐸𝐸 values of less than 12.0 

were subjected to sensory evaluation(4, 48), by 50 untrained panelists to represent consumers’ 

perception of the film’s colors, i.e. to determine if the color difference could be distinguished by 

the naked eye. The difference test used was ‘Two out of five’ test(1, 49-51)  

 

7.3.  Performance testing as pH indicator 

7.3.1.  Fabrication of pH indicator    

The final designs of the indicator consisted of colorimetric layer wrapped with layer of 

cellophane film and perforated PLA sheet (Figure 2). The previous designs of the indicator, along 

with their descriptions and problems encountered when subjected to early stage of performance 

testing with food products were listed in Table 10.   
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Figure 2. Indicator prototype design no. 4 (Left) and no. 5 (Right) 

 

7.3.2.  Performance testing    

The selected food products were fermented fish and mushroom, and egg tofu. Indicators 

were placed directly on food product’s surface to evaluate the performance of the films as pH 

indicator. Periodically, the attached indicators were measured their color values using handheld 

colorimeter, and the food product were sampled for pH determination, using handheld digital pH 

meter (PH-200 HM Digital Handheld pH Meter, HM Digital, Inc., Redondo Beach, CA, USA)(44). 

The obtained indicators’ color values and pH values of food samples were then compared with 

color values obtained from immersing colorimetric layers in buffer solutions. Some additional fruits 

were also included in the test to determine the validity of developed pH indicators. 

 

7.4.  Determination of the film’s sensitivity to CO2 

To investigate the sensitivity and limitation of colorimetric layers, the film samples were 

placed in the closed container (with volume of 1 L) that flushed with gas mixtures between CO2 

and N2. The selected concentrations of gas mixtures were 0, 25, 50, 75, and 100% of CO2. The 

colors of the films were measured after predetermined exposure time by handheld colorimeter, 

and used to calculate  ∆𝐸𝐸 values. Color values of each replication were calculated from 5 different 

locations of the same film. Color values of pairs of films at different CO2 concentrations were 

compared. Some particular pairs of films at different CO2 concentrations that have  ∆𝐸𝐸 values of 

less than 12.0 were subjected to sensory evaluation(4), by 50 untrained panelists. The difference 

test used was ‘Two out of five’ test(1, 49-51). 
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Table 10: Different designs of pH indicator 

Design no. Description  Problem 

1 Colorimetric layer with cellophane film (backing layer), 

coated with paraffin wax (protective layer); the purposed 

structure in approved proposal 

Molten wax, when solidified, formed the coating layer, but did not 

attach to cellophane film.  

2 Colorimetric layer with cellophane film and paraffin film. 

Outer layers were heat-sealed to enclose the colorimetric 

layer inside. 

The seal of outer layers held well before subjected to performance test, 

but the structure fell apart after exposed to liquid in food samples.   

3 Colorimetric layer wrapped in cellophane film The structure held well before and during performance test, but there 

was noticeable amount of plant extract leaked out after exposed to 

liquid in food samples for more than 24 hours.   

4; Final Colorimetric layer, with white polyethylene (PE)* backing 

film, wrapped in cellophane film and perforated PLA 

sheet (outer layer) 

The structure held well before and during performance test. 

5; Final Colorimetric layer wrapped in cellophane film and 

perforated PLA sheet (outer layer), and attached to white 

PE film*. 

The structure held well before and during performance test. 

*PE film provided white background for better visibility. It can be substituted with other white polymeric film.



 Page 25 of 92 

7.3.2.  Performance testing    

The selected food products were fermented fish and mushroom, and egg tofu. Indicators 

were placed directly on food product’s surface to evaluate the performance of the films as pH 

indicator. Periodically, the attached indicators were measured their color values using handheld 

colorimeter, and the food product were sampled for pH determination, using handheld digital pH 

meter (PH-200 HM Digital Handheld pH Meter, HM Digital, Inc., Redondo Beach, CA, USA)(44). 

The obtained indicators’ color values and pH values of food samples were then compared with 

color values obtained from immersing colorimetric layers in buffer solutions. Some additional fruits 

were also included in the test to determine the validity of developed pH indicators. 

 

7.4.  Determination of the film’s sensitivity to CO2 

To investigate the sensitivity and limitation of colorimetric layers, the film samples were 

placed in the closed container (with volume of 1 L) that flushed with gas mixtures between CO2 

and N2. The selected concentrations of gas mixtures were 0, 25, 50, 75, and 100% of CO2. The 

colors of the films were measured after predetermined exposure time by handheld colorimeter, 

and used to calculate  ∆𝐸𝐸 values. Color values of each replication were calculated from 5 different 

locations of the same film. Color values of pairs of films at different CO2 concentrations were 

compared. Some particular pairs of films at different CO2 concentrations that have  ∆𝐸𝐸 values of 

less than 12.0 were subjected to sensory evaluation(4), by 50 untrained panelists. The difference 

test used was ‘Two out of five’ test(1, 49-51). 

 

7.5.  Performance testing as CO2 indicator 

 The performance testing as CO2 indicator of the film samples was not performed since 

the sensitivity of the film samples were too low (see Section 8 of Results and Discussion for more 

detail).  

 

8.  Mechanism study 

 This step involved studying color-changing mechanism of the developed indicator films in 

which majority of the pigments responsible for the changes are anthocyanins(12, 17, 30, 42).  

 

8.1.  Colorimetric film formation   

See Step 6.1. 
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8.2. Mechanism study of pH indicator film  

To study the color-changing mechanism, in response to pH of the developed indicators, 

the films were immersed in pH buffer of pH 3.0, 5.0, and 7.0 for 20 minutes, and then freeze-

dried, ground, and kept in airtight container at 4ºC until further testing. The powdered film samples 

were prepared according to methods modified from Ahmed et al. (2015) and Espinosa-Morales et 

al. (2012) for characterization by Fourier transformed infrared (FTIR) spectroscopy. The obtained 

IR spectrum of the films, at various pH were compared and studied for the mechanism of 

colorimetric indicator for pH(5, 6). The base films prepared from suitable formula without the plant 

extracts were also included in the testing (Table 9). 

 

9. Shelf-life testing 

 The developed indicators were packaged and determined their shelf-lives(1).  

 

9.1.  Indicator preparation   

See Step 7.3.1. 

 

9.2. Mechanism study of pH indicator film  

 To study the indicators’ storage stability, the indicators were kept in vacuum packages, 

and stored at ambient temperature (25±1ºC). Every 1-2 weeks, the film samples were taken out 

to measure their color change in response to pH (at pH 3, 5, and 7). The indicator films were 

considered as at the end of their shelf-life if 1) the ∆𝐸𝐸 value of any pair of films at different pH 

points (same storage period) and/or at different storage period (same pH value) was higher than 

4.0(4), or decrease more than 75% of the original ∆𝐸𝐸 value; or 2) the integrity of the film is 

significantly altered, for example, the film is broken, has noticeable mold growth, etc.  

 

10. Statistical analysis 

Each experimental treatment or film testing was performed in triplicates, except those that 

specified otherwise. Statistical analysis for RSM on optimal extraction condition and suitable film 

formula were described in section 3.6 and 4.4, respectively. All data obtained from the study were 

statistically analyzed by analysis of variance (ANOVA) using JMP 8.0 program (SAS Institute Inc., 

Cary, NC, USA) at the confidence level of 95% (𝛼𝛼 = 0.05) with Tukey’s adjustment for comparison 

of the means. 
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Results and Discussion (ผลการทดลอง และวิจารณ์ผลการทดลอง) 

 

1.  Selected plant extract, and their visible spectra and 𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎  

Table 11 shows pictures of plant extracts obtained from HWE and their corresponding 

color values, at different pH conditions. While rose extract showed no significant change in color 

from pH 3 to 7, the color changes observed in extracts from red cabbage, Dendrobium orchid, 

and butterfly pea were noticeable to the naked eye. At different pH values, all 3 extracts had 

either a* (green to red hues) or b* (blue to yellow hues) values that were significantly different. 

The differences along green to red or blue to yellow planes could be visually intensified by 

increasing the concentrations of the extracts, i.e. lower their L* values.(4, 52)  

 

Table 11: Visual appearance of plant extracts at different pH values and their corresponding color 

values*,** 

Plant Type pH 3.0 pH 5.0 pH 7.0 

Red cabbage 

   
     Color 

values    

 

L*                      

a*                         

b* 

68.21 ± 4.42b 

43.45 ± 6.12a 

-3.94 ± 2.91a 

81.32 ± 1.32a 

13.89 ± 1.83b 

-8.70 ± 0.38b 

76.78 ± 3.80ab 

3.06 ± 0.57c 

-10.75 ± 2.05b 

Rose 

   
     Color 

values    

 

L*                      

a*                         

b* 

57.96 ± 2.58a 

60.35 ± 4.57a 

52.12 ± 0.55a 

55.35 ± 3.90a 

60.91 ± 11.21a 

58.06 ± 7.12a 

57.66 ± 3.00a 

56.33 ± 5.21a 

59.81 ± 3.72a 

Dendrobium orchid 

   
     Color 

values    

 

L*                      

a*                         

b* 

66.93 ± 4.81b 

53.23 ± 5.30a 

-28.99 ± 1.76b 

81.08 ± 0.89a 

26.48 ± 1.54b 

-4.11 ± 1.13a 

63.84 ± 6.91b 

25.37 ± 2.66b 

-29.66 ± 3.53b 
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Plant Type pH 3.0 pH 5.0 pH 7.0 

Butterfly pea 

   
     Color 

values    

 

L*                      

a*                         

b* 

43.66 ± 3.89a 

53.94 ± 6.71a 

-35.95 ± 5.79a 

46.03 ± 5.24a 

29.36 ± 6.32b 

-66.55 ± 8.26b 

48.47 ± 3.69a 

-14.29 ± 1.45c 

-34.09 ± 5.09a 

*L*, a*, and b* values were expressed in mean ± standard deviation, based on three replications. 

Color values of each replication were calculated from 5 different locations of the same solution. 

**Values with similar superscript letter, within the same row, are not significantly different at 𝛼𝛼 of 

0.05. 

 

 Since the ability to visibly change color according to pH is a crucial characteristic for pH 

indicator (and CO2 indicator that requires significant amount of CO2 gas to dissolve in the liquid 

layer of indicator to change the solution’s pH value)(26), rose extract was excluded as plant extract 

that would be used to develop colorimetric layer for pH- and CO2 indicator.  

All plants included in this study are reported to have anthocyanins, water-soluble plant 

pigments, as major pigments in their flowers. Important anthocyanins often found in flowers 

include pelargonidin-, cyanidin-, peonidin-, and delphinidin-based anthocyanins (Figure 3), which 

are responsible in giving various hues to flowers. Different anthocyanins and/or their different 

forms (according to pH value of the surrounding) give different colors, depending on their current 

chemical structures. For example, blue hue depends largely on the number of hydroxyl (-OH) 

groups on the B-ring; and O-methylation or glycosylation of the structure results in red hue. 

Cyanidin glycoside is a major anthocyanin in red cabbage, giving it purple/violet color(30), while 

butterfly pea is rich in delphinidin glycoside, which responsible for the blue color of the flower(53); 

and purple Dendrobium orchid has high amount of cyanidin glycoside and Peonidin glycoside, 

derivative of cyanidin (with peonidin glycoside contributed between 1 to 11%, depending on 

Dendrobium species and type of hybrids)(17).  

 Figure 4 shows visible spectra (400-700 nm) of red cabbage, Dendrobium orchid, and 

butterfly pea extracts obtained through mHWE method; corresponding 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of each extracts are 

listed in Table 12. The absorbance at these 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of the color extracts obtained through different 

extraction methods and/or extract conditions were measured and later used as an indication of 

extraction efficacy (see Section 2.2 of Results and Discussion for more detail).  
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Cyanidin-based Peonidin-based Delphinidin-based 

 

Figure 3. Some anthocyanin structures and their respective colors(54) 

 

 
 

Figure 4. Visible spectrum (400-700 nm) of red cabbage, dendrobium, and butterfly pea extracts 

 

Table 12: pH value and 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of plant extracts 

Plant Type pH of plant extract 𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 (nm) 

Red cabbage 6.82±0.02 553 

Dendrobium orchid 6.84±0.01 543 and 583 

Butterfly pea 6.84±0.01 574 and 618 
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2.  Microwave assisted hot water extraction of plant extracts 

To study the effects of mHWE on absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚  of selected plant extracts, 

mathematical models were constructed. The response (𝑦𝑦) was absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of the extract 

and the studied parameters were sample to water ratio (𝓍𝓍1), extraction power (𝓍𝓍2), and extraction 

time (𝓍𝓍3). The developed predictive models for mHWE of selected plants are listed in Table 13. 

For all plant samples, both sample to water ratio and extraction time had strong positive 

linear effects on amount of color compounds being extracted through mHWE, as were indicated 

by the increases in absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚, with sample to water ratio being the most prominent 

factor for extraction of red cabbage (Table 14); and extraction time being the most influential 

parameter in extraction of Dendrobium orchid and butterfly pea. The synergistic effects of both 

factors (𝓍𝓍1𝓍𝓍3), in extraction of Dendrobium orchid and butterfly pea, were also observed (P < 

0.001) (Table 15 and 16). Note that; the negative quadratic effects of water to sample ratio (𝓍𝓍12) 

in extraction of Dendrobium orchid and butterfly pea (Table 15 and 16) were significant (P < 0.05) 

and indicated that the amount of color compounds extracted increased, at slower degrees, as the 

sample to water ratio increased (see Figure 6 and 7 for graphical descriptions). For example of 

full reports of RSM – Box-Behnken design and desirability analysis, see Appendix 2.  

 Prediction profilers (Figure 5-7) indicated that even at the conditions where highest level 

of every testing parameters were applied, it might be possible to obtain higher yield if the levels 

were raised beyond the testing conditions, as could be implied by the on-going positive trends in 

the profilers. However, due to the risks of violent boiling from applying higher extraction power 

and/or longer extraction time, the mHWE conditions that should be used to extract the color 

compounds from selected plants are the highest levels of every parameter listed in Table 3. 

Additionally, at these extract conditions the visible spectra and 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of the obtained extracts 

(data not shown) were similar to those of extracts yielded from extractions at less severe 

conditions, indicating that the qualities of the color extracts were not significantly affected.  
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Table 13: Predictive models for mHWE of red cabbage, Dendrobium orchid, and butterfly pea 

Plant Type 𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 (nm) Predictive Model R2 

Red cabbage 553 𝑦𝑦 =  −0.7618 +  0.2064𝓍𝓍1 +  0.0011𝓍𝓍2 +  0.1513𝓍𝓍3 +  0.0001𝓍𝓍1𝓍𝓍2  
         + 0.0374𝓍𝓍1𝓍𝓍3 +  0.0005𝓍𝓍2𝓍𝓍3 +  0.0129𝓍𝓍12 +  0.000005𝓍𝓍22  +  0.0003𝓍𝓍32 +  𝜀𝜀 

0.8066 

Dendrobium orchid 
543 𝑦𝑦 =  −3.9022 +  07689𝓍𝓍1 +  0.0050𝓍𝓍2 +  0.8396𝓍𝓍3 +  0.0001𝓍𝓍1𝓍𝓍2  

         + 0.28464𝓍𝓍1𝓍𝓍3 +  0.0021𝓍𝓍2𝓍𝓍3 −  0.6138𝓍𝓍12 −  0.000003𝓍𝓍22  +  0.0149𝓍𝓍32 +  𝜀𝜀 
0.9026 

583 𝑦𝑦 =  −3.7666 +  0.7331𝓍𝓍1 +  0.0048𝓍𝓍2 +  0.8079𝓍𝓍3 +  0.0001𝓍𝓍1𝓍𝓍2  
         + 0.27054𝓍𝓍1𝓍𝓍3 +  0.0020𝓍𝓍2𝓍𝓍3 −  0.5998𝓍𝓍12 −  0.000002𝓍𝓍22  +  0.0138𝓍𝓍32 +  𝜀𝜀 

0.9007 

Butterfly pea 
574 𝑦𝑦 =  −14.5093 + 3.1542𝓍𝓍1 +  0.0156𝓍𝓍2 +  5.7261𝓍𝓍3 +  0.0093𝓍𝓍1𝓍𝓍2 

         + 2.9138𝓍𝓍1𝓍𝓍3 +  0.0164𝓍𝓍2𝓍𝓍3 −  1.1323𝓍𝓍12 +  0.00001𝓍𝓍22  +  1.5721𝓍𝓍32 +  𝜀𝜀 
0.9432 

618 𝑦𝑦 =  −14.1379 +  3.0658𝓍𝓍1 +  0.0152𝓍𝓍2 +  5.6576𝓍𝓍3 +  0.0089𝓍𝓍1𝓍𝓍2  
         + 2.8227𝓍𝓍1𝓍𝓍3 +  0.0160𝓍𝓍2𝓍𝓍3 −  1.1290𝓍𝓍12 +  0.000002𝓍𝓍22  +  1.5482𝓍𝓍32 +  𝜀𝜀 

0.9407 
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Table 14. Parameter estimates of RSM equation for mHWE of red cabbage 

Parameter 
𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 = 553 nm 

Estimate Standard Error T Ratio Prob > | t | 

Intercept -0.761812 0.218043 -3.49 0.0013* 

Water to sample ratio 0.2064417 0.047085 4.38 0.0001* 

Extraction power 0.0010759 0.000294 3.66 0.0008* 

Extraction time 0.1512792 0.015695 9.64 <.0001* 

Ratio*Power 8.1667e-5 0.000416 0.20 0.8456 

Ratio*Time 0.0373611 0.022196 1.68 0.1012 

Power*Time 0.0005313 0.000139 3.83 0.0005* 

Ratio*Ratio 0.0128542 0.069308 0.19 0.8539 

Power*Power 4.6086e-6 2.707e-6 1.70 0.0976 

Time*Time 0.0003032 0.007701 0.04 0.9688 

* indicates significance of the effects at type I error (𝛼𝛼) of 0.05. 
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Table 15. Parameter estimates of RSM equation for mHWE of Dendrobium orchid 

Parameter 

𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 = 543 nm 𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 = 583 nm 

Estimate 
Standard 

Error 
T Ratio Prob > | t | Estimate 

Standard 

Error 
T Ratio Prob > | t | 

Intercept -3.902207 0.755463 -5.17 <.0001* -3.766574 0.734417 -5.13 <.0001* 

Water to sample ratio 0.7689375 0.163138 4.71 <.0001* 0.7331167 0.158593 4.62 <.0001* 

Extraction power 0.0049633 0.00102 4.87 <.0001* 0.0048103 0.000991 4.85 <.0001* 

Extraction time 0.8395569 0.054379 15.44 <.0001* 0.8079181 0.052864 15.28 <.0001* 

Ratio*Power 0.0001494 0.001442 0.10 0.9181 0.0001043 0.001402 0.07 0.9411 

Ratio*Time 0.2846306 0.076904 3.70 0.0007* 0.2705056 0.074762 3.62 0.0009* 

Power*Time 0.0020987 0.000481 4.37 0.0001* 0.0020262 0.000467 4.34 0.0001* 

Ratio*Ratio -0.613793 0.240133 -2.56 0.0151* -0.599779 0.233443 -2.57 0.0146* 

Power*Power -2.656e-6 9.38e-6 -0.28 0.7788 -1.928e-6 9.119e-6 -0.21 0.8338 

Time*Time 0.0149045 0.026681 0.56 0.5800 0.013844 0.025938 0.53 0.5969 

* indicates significance of the effects at type I error (𝛼𝛼) of 0.05. 
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Table 16. Parameter estimates of RSM equation for microwave assisted hot water extraction of butterfly pea 

Parameter 

𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 = 574 nm 𝝀𝝀𝒎𝒎𝒎𝒎𝒎𝒎 = 618 nm 

Estimate 
Standard 

Error 
T Ratio Prob > | t | Estimate 

Standard 

Error 
T Ratio Prob > | t | 

Intercept -14.50932 1.524857 -9.52 <.0001* -14.1379 1.53129 -9.23 <.0001* 

Water to sample ratio 3.15425 0.320284 9.85 <.0001* 3.0657708 0.321635 9.53 <.0001* 

Extraction power 0.0156074 0.002002 7.80 <.0001* 0.0151935 0.00201 7.56 <.0001* 

Extraction time 5.7260625 0.320284 17.88 <.0001* 5.6576458 0.321635 17.59 <.0001* 

Ratio*Power 0.0093172 0.002831 3.29 0.0023* 0.0088565 0.002843 3.12 0.0037* 

Ratio*Time 2.91375 0.45295 6.43 <.0001* 2.8226667 0.454861 6.21 <.0001* 

Power*Time 0.0163701 0.002831 5.78 <.0001* 0.0160164 0.002843 5.63 <.0001* 

Ratio*Ratio -1.13234 0.471445 -2.40 0.0218* -1.129028 0.473434 -2.38 0.0226* 

Power*Power 0.0000117 1.842e-5 0.64 0.5296 1.1859e-5 1.849e-5 0.64 0.5255 

Time*Time 1.5721181 0.471445 3.33 0.0020* 1.5482222 0.473434 3.27 0.0024* 

* indicates significance of the effects at type I error (𝛼𝛼) of 0.05. 
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Figure 5. Prediction profiler of red cabbage extraction; range of each parameter are 1:5 (-1) to 

1:3 (1) g/mL for sample to water ratio; 480-800 W for extraction power; and 120-480 s for extract 

time 

 

 
 

Figure 6. Prediction profiler of Dendrobium orchid extraction; range of each parameter are 1:5 (-

1) to 1:3 (1) g/mL for sample to water ratio; 480-800 W for extraction power; and 120-480 s for 

extract time 
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Figure 7. Prediction profiler of butterfly pea extraction; range of each parameter are 1:50 (-1) to 

1:30 (1) g/mL for sample to water ratio; 480-800 W for extraction power; and 60-180 s for extract 

time 

 

2.1. Hot water extraction of the plant extracts 

 In comparison to mHWE, Figure 8 show absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚  of red cabbage, 

Dendrobium orchid, and butterfly pea obtained from hot water extraction (HWE) at constant 80ºC. 

The sample to water ratio used was similar to the highest ratio selected in mHWE of each plant 

(Table 3). Based on absorbance data, the extraction time of 60, 120, and 40 min gave maximum 

yields for HWE of red cabbage, Dendrobium orchid, and butterfly pea, respectively. After such 

extraction times, the absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚  decreased, in all extracts. However, even at the 

maximum absorbance of each plant extract using HWE, the absorbance obtained were 

significantly lower than those obtained through mHWE, i.e. 1.88 ± 0.36 at 1:4 g/mL, 800 W, for 

480 s, 8.60 ± 0.99 at 1:4 g/mL, 800 W, for 480 s (𝜆𝜆543𝑛𝑛𝑛𝑛), and 21.04 ± 1.80 at 1:4 g/mL, 800 

W, for 180 s (𝜆𝜆574𝑛𝑛𝑛𝑛), in extracts of red cabbage, Dendrobium orchid, and butterfly pea, 

respectively. 

Both HWE and mHWE are high-temperature extraction techniques which generally result 

in increased extraction yield due to increases in solubility and/or mobility of compounds, or better 

accessibility from disruptions of cell or structure. However, prolonged exposure of anthocyanins, 
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which are heat-sensitive compounds to high extraction temperature, as in the case of HWE, can 

cause significant degradation of anthocyanins(55, 56).  

 

 
 

Figure 8. Absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of red cabbage, Dendrobium orchid, and butterfly pea obtained 

from hot water extraction at 80ºC and various extraction time 
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2.2. Total monomeric anthocyanin pigment content 

 All obtained extracts from both extraction methods were determined their total monomeric 

anthocyanin content(37). Figure 9-11 show positive correlation between absorbance at λ𝑚𝑚𝑚𝑚𝑚𝑚 and 

the corresponding total monomeric anthocyanin pigment content of the extract samples. Thus, 

absorbance value at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of color extract was used as an indication of extraction yield.   

 

 
 

Figure 9. Total monomeric anthocyanin content (cyd-3-glu equivalents, mg/L) and absorbance at 

𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of red cabbage extracts 

 

𝑦𝑦 = 106.83𝑥𝑥 + 33.315 
𝑅𝑅2 = 0.8192 
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Figure 10. Total monomeric anthocyanin content (cyd-3-glu equivalents, mg/L) and absorbance 

at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of Dendrobium orchid extracts 

 

 

 

𝑦𝑦 = 4.9950𝑥𝑥 + 3.5347 
𝑅𝑅2 = 0.8612 

𝑦𝑦 = 5.1910𝑥𝑥 + 3.4738 
𝑅𝑅2 = 0.8626 
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Figure 11. Total monomeric anthocyanin content (cyd-3-glu equivalents, mg/L) and absorbance 

at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of butterfly pea extracts 

 

3.  Optimal base formula of colorimetric film 

 Based on preliminary experiments, both mass- and volume swell ratios of all film formulas 

(Table 7) were between 2.07±0.57 and 1.88±0.56, respectively; the differences of either values 

between all formulas, while not negligible, also not crucial enough to be included as one of the 

responses for RSM. Thus, only color change in response to pH and film solubility values were 

used to identify suitable formula for each colorimetric film. 

3.1.  Characterization of colorimetric layer with red cabbage extract  

Table 17 shows ∆𝐸𝐸 and solubility of film sample with red cabbage extract. Increasing 

amount of carrageenan significantly increased color change according to pH and reduced the 

films’ solubility. On the other hand, increasing banana flour and/or CMC content decrease ∆𝐸𝐸 

and increased solubility of the samples.  

 

  

𝑦𝑦 = 3.3674𝑥𝑥 + 9.4752 
𝑅𝑅2 = 0.7614 

𝑦𝑦 = 3.4170𝑥𝑥 + 9.2457 
𝑅𝑅2 = 0.7570 
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Table 17: Color change in response to pH at 3 and 7 (∆𝐸𝐸𝑅𝑅𝑅𝑅3,7) and solubility of colorimetric films 

with red cabbage* 

Treatment Code ∆𝐸𝐸𝑅𝑅𝑅𝑅3,7 Solubility (%) 

1 0.167,0.167,0.667 4.97±0.81 39.14±2.77 

2 0,1,0 6.56±1.06 47.27±14.47 

3 0.167,0.667,0.167 6.29±1.42 37.73±8.40 

4 0.333,0.333,0.333 4.85±0.56 56.96±38.31 

5 0.5,0.5,0 4.50±3.22 34.50±4.03 

6 0.667,1.67,0.167 6.00±3.26 34.35±4.99 

7 1,0,0 5.49±0.68 33.52±1.46 

8 0,0.5,0.5 7.06±1.25 68.91±78.71 

9 0.5,0,0.5 10.50±1.54 17.41±21.46 

10 0,0,1 4.18±1.42 33.34±5.62 

 

3.2.  Characterization of colorimetric layer with Dendrobium orchid extract 

Table 18 shows ∆𝐸𝐸 and solubility of film sample with Dendrobium orchid extract. Similar 

to the films with red cabbage extract, ∆𝐸𝐸 increased and the films’ solubility decreased when 

amount of carrageenan was increased. However, the presence banana flour, while still increased 

solubility of the film, did not significantly influence the ability of the film to change color when 

exposed to different pH (Figure 12).  

 

Table 18: Color change in response to pH at 3 and 7 (∆𝐸𝐸𝑂𝑂3,7) and solubility of colorimetric films 

with Dendrobium orchid* 

Treatment Code ∆𝐸𝐸𝑂𝑂3,7 Solubility (%) 

1 0.167,0.167,0.667 4.91±1.75 28.75±7.17 

2 0,1,0 7.82±1.16 23.01±6.27 

3 0.167,0.667,0.167 800±1.25 22.92±5.62 

4 0.333,0.333,0.333 5.94±0.75 24.39±2.76 

5 0.5,0.5,0 8.67±3.32 24.95±5.41 

6 0.667,1.67,0.167 5.66±0.08 27.19±3.82 

7 1,0,0 4.29±1.25 23.31±2.59 

8 0,0.5,0.5 7.92±1.40 21.50±15.38 

9 0.5,0,0.5 8.07±1.74 23.62±6.92 

10 0,0,1 8.07±3.17 26.18±5.09 
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3.3.  Characterization of colorimetric layer with butterfly pea extract 

 Table 19 shows color change in response to pH at 3 and 7 (∆𝐸𝐸𝐵𝐵𝐵𝐵3,7) and solubility of 

film samples with butterfly pea extract. The presence of banana flour and CMC both increased 

the films’ solubility, increasing carrageenan amount did not significantly affect ∆𝐸𝐸; increasing 

CMC content slightly lowered the film’s ability to change colors according to pH.  

 

Table 19: Color change in response to pH at 3 and 7 (∆𝐸𝐸𝐵𝐵𝐵𝐵3,7) and solubility of colorimetric films 

with butterfly pea* 

Treatment Code ∆𝐸𝐸𝐵𝐵𝐵𝐵3,7 Solubility (%) 

1 + + 0 7.11±0.38 100.64±1.78 

2 - - 0 17.24±1.81 72.49±3.80 

3 0 - + 7.85±0.73 53.09±2.22 

4 0 0 0 11.32±1.09 101.27±2.54 

5 0 - - 5.38±0.41 61.73±3.52 

6 + 0 - 7.97±0.33 54.72±3.11 

7 - 0 + 6.57±0.71 58.91±1.90 

8 - 0 - 18.25±1.22 57.10±5.00 

9 0 + + 16.58±1.73 72.29±3.89 

10 0 + - 8.59±1.77 48.33±2.82 

11 + - 0 23.52±0.54 101.73±0.70 

12 + 0 + 9.19±0.53 56.35±2.63 

13 0 0 0 4.87±1.54 53.77±2.00 

14 0 0 0 7.66±1.06 63.10±2.37 

15 - + 0 11.03±1.45 100.75±0.14 

 

3.4.  Identification of suitable formula for colorimetric layers 

Most suitable formula for colorimetric layers with red cabbage, Dendrobium orchid, and 

butterfly pea had been identified and listed in Table 20. Based on desirability analysis, the 

selected formulas should produce films with low solubility and high ∆𝐸𝐸. For colorimetric layers 

with red cabbage and Dendrobium orchid extracts, the presence of banana flour increased 

film samples’ solubility and did not significantly affect the films’ color change in response to 

pH, while increasing carrageenan content (first increased, and then) reduced the films’ 

solubility and increased ∆𝐸𝐸 (Figure 12). For example of full reports of RSM – Mixture design 

and desirability analysis, see Appendix 4.  
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Figure 12: Prediction profiler of formula for colorimetric layer with Dendrobium orchid extract 

 

Table 20: Most suitable film formula of colorimetric layers (based on 100 mL of film solution) 

Plant type 
CMC 

(g) 

Carrageenan 

(g) 

Banana 

flour 

(g) 

Pectin (g) 
Cellulose 

powder (g) 

Red cabbage 0 3 0 2 1 

Dendrobium orchid 0 3 0 2 1 

Dry butterfly pea 1.5 1.5 0 1.5 1 

 

4.  Optimal plant extract concentration for colorimetric film 

 Table 21-23 shows ∆𝐸𝐸 and ∆𝐻𝐻 of colorimetric layers at pH 3 and 7, with red cabbage, 

Dendrobium orchid, and butterfly pea, respectively. High color change in response to pH indicated 

that there is higher chance that observers could distinguish color difference of colorimetric film at 

different pH. Generally, significant color difference for ∆𝐸𝐸 is approximately 4.0(4); based on ∆𝐸𝐸 

determined at pH 3 and 7 of every film sample, the changes of all films’ colors should be 

noticeable to the naked eyes. Thus, the selection of extract volume for each colorimetric layer 

was based on ∆𝐸𝐸 and sensory evaluation was not performed.  
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 For colorimetric layer with red cabbage extract, ∆𝐸𝐸 of all films with 20-50% (v/v) extracts 

were not significantly different, but samples with 30 and 40% gave higher ∆𝐻𝐻 as compared to 

films with 20 and 50% extract. The extraction volume of 40 mL/100 mL of film solution was then 

selected due to 1) the ease during film preparation; and 2) higher anthocyanin content. Including 

more anthocyanin pigments in the film structure could result in increased stability of the pigments 

due to higher chance of copigmentation(19).   

 

Table 21: Color change in response to pH at 3 and 7, ∆𝐸𝐸𝑅𝑅𝑅𝑅3,7 and ∆𝐻𝐻𝑅𝑅𝑅𝑅3,7 of colorimetric films 

with red cabbage* 

Extract volume (mL) ∆𝐸𝐸𝑅𝑅𝑅𝑅3,7 ∆𝐻𝐻𝑅𝑅𝑅𝑅3,7 

20 10.94±3.51a 2.95±0.92b 

30 8.75±0.65a 4.88±1.28ab 

40 8.70±0.57a 5.07±0.87a 

50 8.51±1.40a 3.89±2.87ab 

*Values were expressed in mean ± standard deviation, based on three replications; values with 

similar superscript letter, within the same column, are not significantly different at 𝛼𝛼 of 0.05. 

 

The same amount of extract was selected for colorimetric layer with Dendrobium orchid 

extract based on similar reasons.  

 

Table 22: Color change in response to pH at 3 and 7, ∆𝐸𝐸𝑂𝑂3,7 and ∆𝐻𝐻𝑂𝑂3,7 of colorimetric films 

with Dendrobium orchid* 

Extract volume (mL) ∆𝐸𝐸𝑂𝑂3,7 ∆𝐻𝐻𝑂𝑂3,7 

20 6.82±0.44b 6.16±0.77b 

30 9.51±1.14a 8.95±0.96a 

40 8.48±0.92a 7.37±0.69ab 

50 8.56±2.56ab 6.64±0.37b 

*Values were expressed in mean ± standard deviation, based on three replications; values with 

similar superscript letter, within the same column, are not significantly different at 𝛼𝛼 of 0.05. 

 

∆𝐸𝐸 of all films with butterfly pea were high, but the results in Table 23 indicated that 

increasing extract volume could significantly reduce visibility of color change in response to pH. 

Increasing level of color extract in the film could decrease the film’s lightness and increase color 

saturation which could result in films at different pH environments becoming less 



 

 Page 45 of 92 

distinguishable(57). The extraction volume of 6 mL/100 mL of film solution was selected to add 

maximum amount of anthocyanin without reducing the color changing capacity of the film.   

 

Table 23: Color change in response to pH at 3 and 7, ∆𝐸𝐸𝐵𝐵𝐵𝐵3,7 and ∆𝐻𝐻𝐵𝐵𝐵𝐵3,7 of colorimetric films 

with butterfly pea* 

Extract volume (mL) ∆𝐸𝐸𝐵𝐵𝐵𝐵3,7 ∆𝐻𝐻𝐵𝐵𝐵𝐵3,7 

4 17.24±1.44a 15.67±1.93ab 

6 18.03±1.05a 15.35±0.84a 

8 15.00±0.63b 12.92±0.88b 

10 14.86±0.77b 11.18±0.72c 

*Values were expressed in mean ± standard deviation, based on three replications; values with 

similar superscript letter, within the same column, are not significantly different at 𝛼𝛼 of 0.05. 

 

5.  Colorimetric film characterization 

Table 24 shows the base film’s and developed indicators’ thickness, water activity (aw), 

moisture content, solubility, volume swelling ratio, natural color values, tensile strength, % 

elongation, and glass transition temperature (Tg), while Figure 13 shows scanning electron 

microscopy (SEM) images of indicators with and without cellulose powder. 

 In this study, addition of extracts from red cabbage, Dendrobium orchid, and butterfly pea, 

into base film did not significantly affect the properties of indicator films. 

 

  
 

Figure 13. Film samples; Left - indicator film without cellulose powder; and Right – 

indicator film, with butterfly pea extract 
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Table 24.  Properties of developed indicators with red cabbage, Dendrobium orchid, and butterfly pea extracts 

Properties* Base film Indicator type 

For cabbage/orchid For butterfly pea Red cabbage Dendrobium orchid Butterfly pea 

Thickness (mm) 0.58±0.06a 0.57±0.07a 0.59±0.07a 0.62±0.10a 0.55±0.08a 

aw 0.40±0.02a 0.41±0.03a 0.41±0.04a 0.41±0.01a 0.41±0.04a 

Moisture content (%) 9.95±0.60a 10.03±0.62a 10.42±0.79a 10.89±1.36a 10.13±0.58a 

Solubility (%) 15.14±1.53a 16.97±1.91a 18.66±2.65a 17.05±0.76a 14.54±2.04a 

Volume swelling ratio 1.46±0.39a 1.59±0.48a 1.55±0.21a 1.34±0.41a 1.66±0.32a 

Color value: 

          L* 

          a* 

          a* 

n/a 

(translucent, whitish) 

 

n/a 

(translucent, whitish) 

 

30.15±0.45 

42.86±0.32 

11.45±0.83 

 

34.21±0.88 

45.57±1.87 

2.62±0.65 

 

42.09±1.52 

6.24±0.68 

-42.39±0.41 

Tensile strength (MPa) 0.43±0.08a 0.40±0.07a 0.37±0.10a 0.33±0.06a 0.36±0.07a 

Elongation (%) 92.81±5.45a 91.14±5.35a 87.49±4.10a 87.23±3.66a 94.83±5.89a 

Tg (ºC) 77.90±2.96a 75.39±3.06a 77.04±2.71a 75.61±3.39a 74.89±4.06a 

Decomposition temperature (ºC) 200.35±2.87a 198.71±3.53a 199.02±3.62a 202.06±7.02a 198.77±5.51a 

*Values were expressed in mean ± standard deviation, based on 3 replications (except for mechanical properties which were based on 12 replicates); 

values with similar superscript letter, within the same roll, are not significantly different at 𝛼𝛼 of 0.05. 
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 However, based on previous studies on mechanical properties of edible film prepared 

from pectin and/or other polysaccharides, the prepared indicators had comparatively lower tensile 

strength(8, 9). The decrease in tensile strength could be due to addition of cellulose powder which 

caused irregularity in the film (Figure 13), acting as stress concentrator(10). The presence of 

carrageenan increased elongation of the developed indicators(58). 

 

6.  pH sensitivity of colorimetric films 

 Figure 14 shows colorimetric layers at various pH; and Table 25-27 show ∆𝐸𝐸 and ∆𝐻𝐻 of 

colorimetric layers at pH 2 to 7, with red cabbage, Dendrobium orchid, and butterfly pea, 

respectively. Originally, only the pairs with ∆𝐸𝐸 of less than 4.0, i.e. lower limit of ‘significant color 

difference’(4) were to be subjected to sensory evaluation, but the actual difference test was 

conducted on all pairs with ∆𝐸𝐸 of less than 12.0 instead, based on the finding from preliminary 

experiment. Theoretically, >50% of group of untrained panelists should be able to distinguish the 

pair samples with ∆𝐸𝐸 9.0 (upper limit of ‘strong color difference’) or more(4, 48), however, the 

minimum ∆𝐸𝐸 for sensory testing was raised to 12.0 to include the pH pairs that some ‘consumers’ 

might not be able to distinguish, and assess the actual percentage of the ‘consumers’ that might 

fail to notice the difference; ∆𝐸𝐸  of 12.0 was from preliminary experiment performed during 

consumer survey interview.    

 

Red cabbage 
      

       

Dendrobium 

orchid       
       

Butterfly pea 
      

pH: 2 3 4 5 6 7 
 

Figure 14. Colorimetric layers with different plant extracts at pH from 2 to 7
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Table 25: Color change in response to pH at 2 to 7 of colorimetric films with red cabbage 

pH L* a* b* pH ∆𝑬𝑬 ∆𝑯𝑯 Further test 

2 36.72±1.11 54.56±1.07 32.72±0.74 3 12.15 9.79 - 

4 26.93 14.67 - 

5 38.02 25.72 - 

6 27.98 14.08 - 

7 46.56 27.27 - 

3 35.47±1.06 52.58±0.67 20.80±0.28 4 16.54 5.99 - 

5 27.00 17.11 - 

6 17.92 5.50 - 

7 36.50 19.74 - 

4 34.44±0.69 39.85±0.17 10.28±0.45 5 11.35 9.90 Difference test 

6 4.69 0.37 Difference test 

7 20.16 12.90 - 

5 35.21±0.94 35.66±0.38 -0.24±0.63 6 12.46 10.16 - 

7 10.80 4.20 Difference test 

6 29.81±0.98 39.07±0.45 10.46±0.51 7 20.87 13.07 - 

7 37.05±0.27 25.61±0.25 -3.74±0.39 - - - - 
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Table 26: Color change in response to pH at 2 to 7 of colorimetric films with Dendrobium orchid 

pH L* a* b* pH ∆𝑬𝑬 ∆𝑯𝑯 Further test 

2 43.79±0.93 64.97±0.61 45.55±0.18 3 14.08 10.75 - 

4 22.55 13.85 - 

5 32.93 17.43 - 

6 45.31 32.34 - 

7 65.93 42.04 - 

3 42.15±0.72 62.85±0.93 31.73±0.77 4 9.90 3.46 Difference test 

5 20.77 7.56 - 

6 31.85 22.16 - 

7 53.59 33.00 - 

4 36.32±0.28 57.81±0.46 25.51±0.67 5 10.96 4.12 Difference test 

6 22.91 18.12 - 

7 43.94 28.96 - 

5 31.50±1.43 51.06±3.39 18.35±5.81 6 13.95 13.17 - 

7 33.11 23.92 - 

6 32.32±0.14 49.55±1.19 4.51±0.92 7 23.37 12.62 - 

7 19.82±0.61 33.77±0.31 -7.36±0.54 - - - - 
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Table 27: Color change in response to pH at 2 to 7 of colorimetric films with butterfly pea 

pH L* a* b* pH ∆𝑬𝑬 ∆𝑯𝑯 Further test 

2 32.58±1.09 20.98±0.89 -5.00±0.22 3 11.33 11.33 Difference test 

4 15.30 15.05 - 

5 17.45 16.07 - 

6 16.42 15.81 - 

7 28.59 28.17 - 

3 33.41±0.45 15.58±0.68 -14.92±0.56 4 4.68 4.23 Difference test 

5 9.75 6.23 Difference test 

6 7.49 6.06 Difference test 

7 20.67 20.17 - 

4 35.13±0.36 11.69±0.03 -16.88±0.22 5 8.87 2.29 Difference test 

6 4.42 2.16 Difference test 

7 16.60 16.32 - 

5 27.10±1.21 8.18±0.26 -15.51±0.26 6 6.11 0.10 Difference test 

7 15.52 13.15 - 

6 33.20±0.41 8.10±0.44 -15.16±0.34 7 13.29 13.11 - 

7 35.34±1.42 -4.91±0.05 -16.82±0.34 - - - - 
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 Table 28 shows results of ‘Two out of five’ difference test of colorimetric layers with red 

cabbage, Dendrobium orchid, and butterfly pea. While ≥50% of panelists could distinguish the 

difference of colorimetric films’ colors at different pH pairs included in sensory evaluation(4). The 

results indicated the developed colorimetric films’ limitations, i.e. large percentage of consumers 

might have problem distinguish indicators with red cabbage extract, showing pH 4 or 6, and 5 or 

7 from one another. Similar problem could occur with Dendrobium orchid indicators at pH 4 or 5, 

as well as, indicators with butterfly pea extract at pH 3 or 4, 4 or 6, and 5 or 6.  

 

Table 28: Results of ‘Two out of five’ difference test  

Plant type pH pair 
Corrected answer 

(panelist) 

Total 

(panelist) 

Probability of a 

correct response (%) 

Red cabbage 4,5 38 50 76% 

4,6 30 60% 

5,7 30 60% 

Dendrobium 

orchid 

3,4 39 78% 

4,5 27 54% 

Butterfly pea 2,3 43 86% 

3,4 32 64% 

3,5 46 92% 

3,6 46 92% 

4,5 39 78% 

4,6 26 52% 

5,6 25 50% 

 

 In comparison to previous work, such as those reported by Veiga-Santos et al. (2011) 

and Bento et al. (2015) which incorporated plant extracts from Merlot grape and red cabbage, 

respectively, into biodegradable polymer matrix, this work provided pH indicator with higher 

sensitivity(59, 60). 

 

7.  Performance of colorimetric film as pH indicator 

 

7.1.  Performance testing on fermented fish and egg tofu  

Figure 15 shows placement of indicators on fermented fish (Pla-som) and egg tofu; and 

Table 29 shows obtained pictures, and pH and color values of indicators; and aerobic plate count 
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(APC) of food sample as the fermentation progressed. Fermented fish is typically made from 

fermentation of Java barb (Barbonymus gonionotus) fish, with cooked rice or -sticky rice, salt, 

and garlic. The process often lasts less than a week and the finished fish product has a dominant 

sour flavor due to presence of lactic acid produced by lactic acid bacteria, such as Lactobacillus 

plantarum and L. brevis. The changes of the fermented fish’s pH helps selecting the types of 

bacteria that will be metabolically active during the fermentation process (องัคณา และคณะ, 2553). 

The initial pH of homemade fermented fish was 6.62±0.31, and decreased to 4.55±0.28 and 

3.68±0.30, at day 3 and 5, respectively, of the fermentation (Table 29). According to the Thai 

Community Product Standard (TCPS), fermented fish must have pH between 4.0-6.0(61), and 

most fermented fish products available in the market were reported to have pH values within the 

range. In small scale productions, the food processors/sellers are often prepared the products 

and stored them at room temperature, and then put the fermented fish on sale on day 3 or 4 of 

fermentation process(28, 62).  

Table 30 shows obtained pictures, and pH and color values of indicators; and APC of 

tofu. The initial pH of purchased egg tofu was 7.75±0.19 and dropped to 6.19±0.46 on day 7 of 

storage (Table 29). According to the Thai Community Product Standard (TCPS), egg tofu must 

have pH between 7.0-9.0(63).  

 

  
   

Figure 15. Placement of pH indicator with Dendrobium orchid on fermented fish (Left); and pH 

indicator with butterfly pea extract on egg tofu (Right)  

 

The pH range associated with fermented fish was where color values of all developed 

indicators, especially indicators with red cabbage and butterfly pea were similar to the adjacent 

pH values, i.e. had small ∆𝑬𝑬 (Table 25, 27, and 28). However, color changes of indicators with 

Dendrobium extract, and, to a lesser extent, the indicators with butterfly pea, were noticeable 
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when the food’s pH value changed from ~7 (original pH of fermented fish before fermentation 

begins) to ~4.5 (pH of fermented fish at the 3rd day of fermentation). This indicated that both pH 

indicators could be used to notify the sellers/consumers on when might be the right consumption 

period of this product.     

The use of indicators, especially ones with red cabbage and Dendrobium orchid, with egg 

tofu was more promising since the colors of indicators at this pH range, i.e. color at pH 7.0 and 

6.0, were more different (Table 25 and 26).  

In both cases, even though all developed indicators visibly changed colors when exposed 

to food products, i.e. fermented fish and egg tofu, some of their actual colors were different from 

colors of indicators immersed in pH buffers. This could be due to interaction between 

anthocyanins and other small molecules in the food matrix as color change and/or discoloration 

of anthocyanins can be caused by many factors, e.g. pH of the environment, copigmentation, and 

presence of metallic ions or enzymes(13, 14) 

Regarding the safety of fermented fish and egg tofu, since the responses of indicators 

were not sensitive enough to reflect the actual pH of the environment and/or the populations of 

microorganisms in the selected foods, the potential application of the developed indicators should 

be more towards notifying the consumers about the sensorial quality of the products(27).    
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Table 29: Pictures, and pH and color values of indicators; and APC of fermented fish as the fermentation progressed 

Fermented fish  Indicator Day 0 Indicator  Day 3 Indicator Day 5 

pH 6.0 and 7.0 6.62±0.30 4.0 and 5.0 4.55±0.27 3.0 and 4.0 3.68±0.30 

Total plate count (log CFU/g) 4.69±0.14 7.37±0.14 8.83±0.23 

Indicator with red cabbage 
7.0 

 

 

5.0 
 

 

4.0 
 

 6.0 
 

4.0 
 

3.0 
 

color values 

- L* 

- a* 

- b* 

   

27.67±2.31 

30.86±4.29 

10.43±2.04 

 

 

 

33.49±5.73 

35.17±4.08 

10.47±2.90 

 

 

 

36.72±0.39 

42.29±1.53 

18.09±0.75 

Indicator with Dendrobium orchid 
7.0 

 

 

5.0 
 

 

4.0 
 

 6.0 
 

4.0 
 

3.0 
 

color values 

- L* 

- a* 

- b* 

   

46.13±9.13 

39.10±6.53 

-8.20±1.11 

 

 

 

42.05±4.33 

45.74±2.58 

8.09±3.47 

 

 

 

43.95±1.81 

47.13±0.73 

21.22±1.25 
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Fermented fish  Indicator Day 0 Indicator  Day 3 Indicator Day 5 

pH 6.0 and 7.0 6.62±0.30 4.0 and 5.0 4.55±0.27 3.0 and 4.0 3.68±0.30 

Total plate count (log CFU/g) 4.69±0.14 7.37±0.14 8.83±0.23 

Indicator with butterfly pea 
7.0 

 

 

5.0 
 

 

4.0 
 

 6.0 
 

4.0 
 

3.0 
 

color values 

- L* 

- a* 

- b* 

   

25.54±7.76 

4.25±10.17 

-12.00±1.01 

 

 

 

28.02±4.83 

9.15±2.44 

-14.05±2.03 

 

 

 

29.89±4.01 

13.95±1.38 

-9.79±0.58 
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 Table 30: Pictures, and pH and color values of indicators; and APC of egg tofu during storage 

Egg tofu  Indicator Day 1 Indicator  Day 7 

pH 7.0 7.49±0.22 6.0 6.19±0.46 

Total plate count (log CFU/g) < 1.00 3.83±0.12 

Indicator with red cabbage 
    

color values 

- L* 

- a* 

- b* 

  

41.14±10.59 

9.68±1.48 

-0.60±3.43 

 

 

43.41±4.09 

35.94±3.89 

24.30±2.48 

Indicator with Dendrobium orchid 
    

color values 

- L* 

- a* 

- b* 

  

26.20±6.05 

33.07±0.46 

-19.92±0.65 

 

 

30.45±2.74 

44.07±1.14 

9.45±0.33 

Indicator with butterfly pea 
    

color values 

- L* 

- a* 

- b* 

  

31.04±3.37 

0.61±2.58 

-2.87±4.69 

 

 

27.56±10.33 

5.34±0.61 

-2.49±2.20 

 

7.2.  Performance testing on fermented mushroom 

Figure 16 shows placement of indicators on fermented mushroom; and Table 31 shows 

obtained pictures, and pH and color values of indicators; and APC of food sample as the 

fermentation progressed. The initial pH of homemade fermented mushroom was 7.11±0.14, and 

decreased to 4.44±0.08 and 4.24±0.10, at day 3 and 9 of fermentation process, respectively 

(Table 31). According to the TCPS, fermented mushroom must have pH equal to or less than 

4.5(64).  Similar to fermented fish product, in small scale productions, product is stored at room 

temperature to initiate and accelerate fermentation, and then stored at 4ºC after 3-5 days of 

fermentation (at which point the product’s pH values fall to around 4.0-4.5), depending on the 

type of mushroom used, to slow down activity of lactic acid bacteria. The shelf-life of this product 

is usually no longer than 10-14 days (since the day of production) (65).  
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Figure 16. Placement of pH indicator with red cabbage extract on fermented mushroom 

 

Similar to fermented fish, pH range associated with fermented mushroom was where color 

values at adjacent pH of indicators with red cabbage and butterfly pea were hard to distinguish 

(Table 25, 27, and 28), but color change of indicators with Dendrobium extract were more 

noticeable when the food’s pH value decreased from ~7 to ~4.5 (pH of fermented mushroom at 

the 3rd day of fermentation). Since the food producers often recommend that the product be 

stored in refrigerator after 3-4 days of storage, visible change of indicator’s color can help to 

ensure that. The pH of 4.5 and lower is also required by TCPS in consumption of fermented 

mushrooms(64).     

 



 

 Page 58 of 92 

Table 31: Pictures, and pH and color values of indicators; and APC of fermented mushroom as the fermentation progressed 

Fermented fish  Indicator Day 0 Indicator  Day 3 Indicator Day 9 

pH 7.0 7.11±0.14 4.0 and 5.0 4.44±0.08 3.0 and 4.0 4.24±0.10 

Total plate count (log CFU/g) 4.63±0.23 7.51±0.10 10.70±0.07 

Indicator with red cabbage 

  

5.0 
 

 

4.0 
 

 4.0 
 

3.0 
 

color values 

- L* 

- a* 

- b* 

  

29.59±0.70 

25.80±1.46 

15.12±1.97 

 

 

 

29.20±5.83 

32.81±18.39 

22.36±14.07 

 

 

 

34.67±4.95 

52.91±22.60 

37.79±24.72 

 

  

5.0 
 

 

4.0 
 

 4.0 
 

3.0 
 

color values 

- L* 

- a* 

- b* 

  

24.71±4.42 

23.61±0.99 

-1.79±2.30 

 

 

 

33.00±9.89 

38.38±6.69 

0.01±3.61 

 

 

 

31.51±4.73 

38.65±18.89 

9.32±10.72 
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Fermented fish  Indicator Day 0 Indicator  Day 3 Indicator Day 9 

pH 7.0 7.11±0.14 4.0 and 5.0 4.44±0.08 3.0 and 4.0 4.24±0.10 

Total plate count (log CFU/g) 4.63±0.23 7.51±0.10 10.70±0.07 

Indicator with butterfly pea 

  

5.0 
 

 

4.0 
 

 4.0 
 

3.0 
 

color values 

- L* 

- a* 

- b* 

  

36.49±4.87 

-0.54±2.37 

-4.90±2.58 

 

 

 

32.63±7.47 

7.08±046 

-6.88±0.75 

 

 

 

37.32±6.00 

9.20±1.20 

-7.66±2.26 
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7.3.  Performance testing on fruit and fresh-cut fruit  

Figure 17 shows placement of indicators on fruits and fresh-cut fruits; and Table 32-36 

show obtained pictures, and pH and color values of indicators; and APC of food samples during 

storage. All indicators changed color according to pH and appeared to have colors closed to 

those of indicators immersed in pH buffers. However, in some products, e.g. coconut fruit, the 

indicator’s colors visibly faded during storage. This could be due to prolonged immersion in 

coconut juice, causing the pigments to leak out or degrade. Anthocyanins dissolve in water and 

break down faster at neutral pH(15, 18). Similar problem, to a lesser extent, also observed during 

the storage of sweet orange and watermelon.  

 

   
   

   
 

Figure 17. From left to right, tom to bottom; placement of pH indicators with extracts from butterfly 

pea, butterfly pea, butterfly pea, Dendrobium orchid, red cabbage, and Dendrobium orchid on 

lemon, whole coconut fruit, sweet orange, yellow kiwi, pineapple, and watermelon, respectively 
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Table 32: Pictures, and pH and color values of indicators after 1 hour of placement, as compared 

to those of indicators immersed in pH buffers of similar (or closet to) the same pH values 

Food Indicator Lemon Indicator  
Yellow 

kiwi 

pH 2.0 2.34±0.17 3.0 3.23±0.52 

Indicator with red cabbage 

    
color values 

- L* 

- a* 

- b* 

  

37.34±8.48 

52.81±7.93 

33.13±6.09 

 

 

35.33±12.70 

40.22±3.14 

31.21±2.18 

Indicator with Dendrobium orchid 

    
color values 

- L* 

- a* 

- b* 

  

38.41±1.56 

49.76±0.86 

45.38±0.32 

 

 

38.10±1.45 

57.52±2.50 

33.81±3.81 

Indicator with butterfly pea 

    
color values 

- L* 

- a* 

- b* 

  

39.69±12.44 

19.10±2.89 

1.84±1.52 

 

 

34.89±2.79 

6.67±3.12 

-9.41±0.35 
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Table 33: Pictures, and pH and color values of indicators placed on whole coconut fruit, as compared to those of indicators immersed in pH buffers 

of similar (or closet to) the same pH values 

Fermented fish  Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 6.0 and 7.0 6.34±0.27 5.0 and 6.0 5.78±0.20 4.0 and 5.0 4.71±0.13 

Total plate count (log CFU/g) 1.65±0.60 3.25±0.94 6.34±0.90 

Indicator with red cabbage 
7.0 

 

 

6.0 
 

 

5.0 
 

 6.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

38.23±7.03 

19.23±0.59 

2.91±0.58 

 

 

 

43.94±5.39 

29.62±2.64 

11.74±1.58 

 

 

 

50.45±4.06 

8.69±3.94 

9.24±3.77 

Indicator with Dendrobium orchid 
7.0 

 

 

6.0 
 

 

5.0 
 

 6.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

32.79±6.43 

29.47±5.55 

7.04±0.47 

 

 

 

44.04±3.49 

23.90±3.83 

8.62±0.45 

 

 

 

42.63±6.47 

21.17±4.01 

6.62±1.13 
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Fermented fish  Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 6.0 and 7.0 6.34±0.27 5.0 and 6.0 5.78±0.20 4.0 and 5.0 4.71±0.13 

Indicator with butterfly pea 
7.0 

 

 

6.0 
 

 

5.0 
 

 6.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

26.13±3.51 

2.51±2.70 

-4.60±0.77 

 

 

 

34.66±6.60 

2.73±1.49 

0.98±2.68 

 

 

 

36.76±3.72 

5.27±0.46 

0.42±1.95 
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Table 34: Pictures, and pH and color values of indicators placed on sweet orange, as compared to those of indicators immersed in pH buffers of 

similar (or closet to) the same pH values 

Sweet orange Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 5.0 and 6.0 5.47±0.40 5.0 and 6.0 5.40±0.32 4.0 and 5.0 4.70±0.16 

Total plate count (log CFU/g) 4.75±0.05 6.28±0.03 7.34±0.33 

Indicator with red cabbage 
6.0 

 

 

6.0 
 

 

5.0 
 

 5.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

37.97±0.41 

23.32±0.66 

10.94±1.87 

 

 

 

33.60±3.53 

16.00±5.21 

10.55±2.78 

 

 

 

38.01±6.08 

15.35±3.95 

10.72±1.02 

Indicator with Dendrobium orchid 
6.0 

 

 

6.0 
 

 

5.0 
 

 5.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

25.57±5.26 

26.62±4.52 

9.39±1.32 

 

 

 

18.99±3.36 

25.74±1.22 

5.79±0.83 

 

 

 

20.32±2.15 

22.58±3.80 

9.27±1.54 
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Sweet orange Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 5.0 and 6.0 5.47±0.40 5.0 and 6.0 5.40±0.32 4.0 and 5.0 4.70±0.16 

Indicator with butterfly pea 
6.0 

 

 

6.0 
 

 

5.0 
 

 5.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

33.77±2.29 

3.81±0.79 

--4.38±1.21 

 

 

 

27.21±4.30 

2.10±0.89 

-0.23±0.72 

 

 

 

34.57±4.28 

2.87±0.36 

2.01±1.73 
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Table 35: Pictures, and pH and color values of indicators placed on pineapple, as compared to those of indicators immersed in pH buffers of similar 

(or closet to) the same pH values 

Sweet orange Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 4.0 and 5.0 4.42±0.35 4.0 and 5.0 4.35±0.32 4.0 4.18±0.38 

Total plate count (log CFU/g) 3.80±0.44 5.36±0.12 7.01±0.35 

Indicator with red cabbage 
5.0 

 

 

5.0 
 

   4.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

32.34±2.49 

30.59±0.57 

17.93±1.67 

 

 

 

33.74±6.55 

25.86±5.56 

16.67±3.06 

 

 

29.67±5.66 

24.28±4.53 

15.93±1.56 

Indicator with Dendrobium orchid 
5.0 

 

 

5.0 
 

   4.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

25.32±3.46 

29.49±2.12 

8.85±0.99 

 

 

 

25.36±0.29 

33.63±1.42 

11.40±0.77 

  

26.54±1.21 

33.47±0.37 

12.68±1.33 
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Sweet orange Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 4.0 and 5.0 4.42±0.35 4.0 and 5.0 4.35±0.32 4.0 4.18±0.38 

Total plate count (log CFU/g) 3.80±0.44 5.36±0.12 7.01±0.35 

Indicator with butterfly pea 
5.0 

 

 

5.0 
 

   4.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

37.20±2.81 

4.37±1.06 

-2.62±0.50 

 

 

 

33.30±2.42 

6.15±1.01 

3.00±1.41 

  

39.57±7.26 

6.66±2.34 

-0.78±2.60 
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Table 36: Pictures, and pH and color values of indicators placed on watermelon, as compared to those of indicators immersed in pH buffers of 

similar (or closet to) the same pH values 

Sweet orange Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 5.0 and 6.0 5.45±0.26 5.0 and 6.0 5.42±0.25 4.0 and 5.0 4.64±0.10 

Total plate count (log CFU/g) 4.46±0.07 6.12±0.19 8.21±0.05 

Indicator with red cabbage 
6.0 

 

 

6.0 
 

 

5.0 
 

 5.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

26.97±1.69 

32.00±0.91 

16.61±1.09 

 

 

 

27.26±7.25 

24.06±2.68 

10.39±2.92 

 

 

 

26.81±3.66 

24.35±4.33 

17.69±1.69 

Indicator with Dendrobium orchid 
6.0 

 

 

6.0 
 

 

5.0 
 

 5.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

27.14±1.20 

22.55±0.96 

7.82±2.40 

 

 

 

25.99±4.57 

21.77±2.51 

9.73±2.10 

 

 

 

33.12±4.53 

28.20±5.47 

16.22±1.59 
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Sweet orange Indicator Day 1 Indicator  Day 3 Indicator Day 5 

pH 5.0 and 6.0 5.45±0.26 5.0 and 6.0 5.42±0.25 4.0 and 5.0 4.64±0.10 

Indicator with butterfly pea 
6.0 

 

 

6.0 
 

 

5.0 
 

 5.0 
 

5.0 
 

4.0 
 

color values 

- L* 

- a* 

- b* 

   

33.94±3.60 

3.58±1.16 

-5.05±0.86 

 

 

 

28.02±7.02 

2.51±0.56 

-1.17±2.65 

 

 

 

35.01±5.28 

2.74±0.34 

3.28±3.20 
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Another limitation of pH indicator incorporated into the system to monitor the product’s 

quality was that direct contact between the food’s surface and the indicator is crucial(27); in this 

case, the indicator must be at least partially submersed into the foods. It was observed during 

the study that there were possible interferences from the foods’ colors (Figure 18). In some case, 

even though the indicator prototypes had white backing, it was difficult to notice/measure current 

color of the indicators without removing them from the products and cleaning/wiping out the 

colored fluids from the foods.  

 

 

 

 

 

a  b 
 

Figure 18. Placement of pH indicator with Dendrobium orchid on grass jelly (a); and pH indicator 

with red cabbage extract on purple dragon fruit (b) 
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8.  CO2 sensitivity of colorimetric films 

 Figure 19 shows colorimetric layers at various CO2 concentrations; and Table 37-39 show 

∆𝐸𝐸  and ∆𝐻𝐻  of colorimetric layers with red cabbage, Dendrobium orchid, and butterfly pea, 

respectively, at different CO2 concentrations.  

 

Red cabbage 
     

      

Dendrobium orchid 
     

      

Butterfly pea 
     

CO2 concentration (%) 0 25 50 75 100 
 

Figure 19. Colorimetric layers with different plant extracts at CO2 level from 0 to 100% 

 

 Table 40 shows results of ‘Two out of five’ difference test of colorimetric layers with red 

cabbage and butterfly pea. The results indicated the developed colorimetric films’ limitations, i.e. 

majority of consumers might have problem distinguish indicators, with red cabbage, Dendrobium 

orchid, and butterfly pea, exposed to CO2 at concentration of less than 75, 100, or 75, 

respectively, from each other. Similarly, there were no difference in color characteristics of 

indicators with red cabbage or butterfly pea between samples exposed to CO2 at concentrations 

of 75-100%. On the other hand, there were significant color differences between indicators that 

were exposed to <75% CO2 and ≥75% CO2. 
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Table 37: Color change in response to CO2 concentration of colorimetric films with red cabbage 

[CO2] (%) L* a* b* [CO2] (%) ∆𝑬𝑬 ∆𝑯𝑯 Further test 

0 44.86±0.61a 48.09±0.41c 34.78±0.63c 25 2.25 1.28 - 

50 7.35 1.60 Difference test 

75 13.08 0.75 - 

100 13.22 0.06 - 

25 43.36±1.29b 49.72±1.65c 34.36±2.32b,c 50 6.05 0.26 Difference test 

75 11.83 0.65 Difference test 

100 12.12 1.48 - 

50 43.89±0.47b 54.83±1.18b 37.56±1.94b 75 5.97 0.97 Difference test 

100 6.32 1.84 Difference test 

75 42.74±0.65a,b 59.02±1.41a 41.65±0.48a 100 1.04 0.90 - 

100 43.21±1.48b 58.68±1.75a,b 42.52±0.94a - - - - 
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Table 38: Color change in response to CO2 concentration of colorimetric films with Dendrobium orchid 

[CO2] (%) L* a* b* [CO2] (%) ∆𝑬𝑬 ∆𝑯𝑯 Further test 

0 45.08±0.69b 63.77±0.50a 19.97±0.69b 25 2.92 1.53 - 

50 2.10 1.06 - 

75 1.77 0.91 - 

100 21.17 19.57 - 

25 46.51±1.61a,b 63.82±1.57a 21.59±1.94b 50 2.04 0.45 - 

75 3.12 0.60 - 

100 19.26 18.06 - 

50 46.48±0.79a,b 62.35±1.23a 20.62±1.77b 75 1.30 0.15 - 

100 20.23 18.30  

75 45.24±1.32a,b 62.06±1.23a 20.37±0.93b 100 20.65 18.41 - 

100 48.91±2.04a 61.72±0.11b 40.69±1.45a - - - - 
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Table 39: Color change in response to CO2 concentration of colorimetric films with butterfly pea 

[CO2] (%) L* a* b* [CO2] (%) ∆𝑬𝑬 ∆𝑯𝑯 Further test 

0 50.29±0.86a 11.51±0.58c -14.49±2.07c 25 2.71 0.50 - 

50 6.59 1.90 Difference test 

75 13.31 2.49 - 

100 12.87 2.37 - 

25 49.12±1.25b 13.41±2.54c -16.03±2.08b,c 50 4.28 1.47 Difference test 

75 10.78 2.03 Difference test 

100 10.42 1.91 Difference test 

50 45.46±2.68b 15.62±1.39b -16.29±1.49b 75 6.84 0.41 Difference test 

100 6.36 0.32 Difference test 

75 41.10±0.93a,b 19.58±0.64a -19.76±0.44a 100 0.96 0.10 - 

100 40.81±1.88b 18.87±2.30a,b -19.18±1.45a - - - - 
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Table 40: Results of ‘Two out of five’ difference test  

Plant type 
[CO2] 

pair 

Corrected answer 

(panelist) 

Total 

(panelist) 

Probability of a 

correct response (%) 

Red cabbage 0,50 26 50 52% 

25,50 14 28% 

25,75 40 80% 

50,75 43 86% 

50,100 41 82% 

Butterfly pea 0,50 13 26% 

25,50 11 22% 

25,75 39 78% 

25,100 47 94% 

50,75 49 98% 

50,100 46 92% 

 

9.  Color-changing mechanism of colorimetric films 

Figure 20 and 21 show IR spectrum of colorimetric layers with red cabbage and 

Dendrobium orchid extract, respectively, at pH values of 2, 3, 5, and 7.  

Both red cabbage and Dendrobium orchid consist mainly of cyanidin type anthocyanin 

pigment(16, 17, 30). In environment with pH ~2, cyanidin is in its flavylium cation form which gives off 

the reddish color; the structure changes to hemiketal cyanidin at pH value of ~5, and then to 

quinoidal base cyanidin, at pH of ~6 or more. This form turns the color bluish(66). Thus, in the 

range of pH 2-7, the colors shifted from reddish toward purple at neutral pH. 
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Figure 20: IR spectrum of colorimetric layer with red cabbage extract 

 

 
Figure 21: IR spectrum of colorimetric layer with Dendrobium orchid extract 
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IR spectrum of both indicators show changes in 3 main areas indicating changes in 

cyanidin structure, resulting in noticeable color changes. The 3,600–3,200 cm-1 area represents 

intermolecular bonded hydroxyl (-OH) bond; 1,685-1,660 cm-1 represents carbonyl (-C=O) group 

in conjugated ketone; 1,620-1,610 cm-1 represents alkene (-C=C-) bond in structure of 𝛼𝛼,𝛽𝛽-

unsaturated ketone; and 1,130-1,070 cm-1 area represents -C-O- bond in secondary alcohol(67, 68). 

The 3,600-3,200 cm-1 peaks of indicator with red cabbage extract at pH of 2 and indicator with 

Dendrobium orchid extract at pH of 2 and 3 were large and shifted toward higher wavenumber, 

this indicated that, in such environment, the bond length of hydroxyl group decreased which could 

be due to the higher electronegativity of O+ in flavylium cation form(68, 69). The increasing 

prominence of peaks in 1,130-1,070 cm-1 area in indicator with red cabbage and Dendrobium 

extracts at pH of 3 and 5, and 5, respectively indicated the presence of -C-O- bond in secondary 

alcohol, which referred to cyanidin in its hemiketal form. Finally, the increase in peak high at 

1,609.33 and 1 ,612.83 cm-1 in indicator with red cabbage and Dendrobium orchid extract at pH 

7, respectively, represented the presence of 𝛼𝛼,𝛽𝛽-unsaturated ketone in quinoidal base form. The 

predicting color-changing mechanism of anthocyanin (cyanidin type) in colorimetric films with red 

cabbage and Dendrobium orchid extract was as follows: 

 

 
Flavylium cation  Hemiketal  Quinoidal base 

pH 2-3  pH 4-5  pH 6-7 
 

Figure 22: Purposed color-changing mechanism of colorimetric film with red cabbage or 

Dendrobium extract in the form of cyanidin in different pH environment 

 

Figure 23 shows IR spectrum of colorimetric layers with butterfly pea extract, at pH values 

of 2, 3, 5, and 7.  
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Figure 23: IR spectrum of colorimetric layer with butterfly pea extract 

 

Unlike red cabbage and Dendrobium orchid, butterfly pea consists mainly of delphinidin 

type anthocyanin pigment(12, 42). In environment with pH ~2, delphinidin is in its flavylium cation 

form which gives off the reddish color; the structure changes to anhydrobase and, later, 

anhydrobase anion as the pH of the environment increased, turning the color to purple and blue, 

respectively(12). Thus, in the range of pH 2-7, the colors shifted from reddish toward purple to blue 

at neutral pH. 

IR spectrum shows changes in 3 main areas indicating changes in delphinidin structure. 

The 3,600–3,200 cm-1 indicates the presence of intermolecular bonded hydroxyl bond; 1,685-

1,660 cm-1 represents carbonyl group in conjugated ketone; and 1,650-1,600 cm-1 represents 

alkene group in conjugated alkene(5, 6, 67, 68). The 3,600-3,200 cm-1 peaks of indicator with butterfly 

pea extract at pH of 2 were significantly larger than those of indicator at other pH values, indicating 

that the structure of delphinidin, at this pH, had higher amount of hydroxyl group, confirming the 

structure of flavylium cation(68). The presence of ~1,660 cm-1 peak of indicator at pH 3, 5, and 7 

meant that, at these pH, (at least) some of delphinidin were in the form of either anhydrobase or 

anhydrobase anion; and the peaks at 1,620-1,610 cm-1 in indicator at pH 3, 5, and 7 indicated 

the presence of conjugated alkene in the structure, also confirming either anhydrobase or 

anhydrobase anion of delphinidin. It was not possible, based on observation of these IR spectrum, 
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to distinguish between anhydrobase and anhydrobase anion. However, based on the blueish color 

of the indicator at pH 7, it was reasonable to concluded that (at least some of) delphinidin were 

in anhydrobase anion. The predicting color-changing mechanism of anthocyanin (delphinidin type) 

in colorimetric films with butterfly pea extract was as follows: 

 

 
Flavylium cation  Anhydrobase   Anhydrobase anion 

pH 2  pH 3-5  pH 7 
 

Figure 24: Purposed color-changing mechanism of colorimetric film with butterfly pea extract in 

the form of delphinidin in different pH environment 

 

10. Shelf-life of developed pH indicator 

 Table 42-44 show color values and ∆𝐸𝐸 of pH indicators with red cabbage, Dendrobium 

orchid, and butterfly pea extract measured during storage, respectively. From the table, it was 

found that, at different pH, the colors of pH indicators during storage did not become less 

distinguishable (∆𝐸𝐸𝑝𝑝𝑝𝑝 values were either equal or higher as compared between different storage 

time), but the colors of indicators at particular pH point (3, 5, or 7) changed (∆𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 values) 

during storage. At the end of week 3, 4, and 6 of storage, in sealed vacuum package, at 25ºC, 

∆𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  values of pH indicators with red cabbage, Dendrobium orchid, and butterfly pea extract, 

respectively, exceeded 4.0(4), indicating noticeable discoloration of pH indicators immersed in pH 

buffer pH 3, 5, or 7(68). The most changed parameter was L* value, indicating that the film color 

became darker. This could be due to decolorization and browning of destructed anthocyanin 

pigments(21, 68). Similar trend was observed by Luna-Vital et al. (2018), i.e. significant degradation 

of copigmented anthocyanins from purple corn in beverage model could be observed through the 

changes in their color values. The study found that L*, a*, and b* values of the samples 

significantly decreased(21).     
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Table 41: Color values and ∆𝐸𝐸 of pH indicator with red cabbage extract during storage at 25ºC 

Week 

Color value of pH indicator during storage period at 25ºC ∆𝑬𝑬𝒑𝒑𝒑𝒑 ∆𝑬𝑬𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 

3 5 7 
3,5 3,7 5.7 Week 3 5 7 

L* a* b* L* a* b* L* a* b* 

0 35.47 

±2.54 

52.57 

±1.37 

20.80 

±0.80 

35.21 

±3.07 

35.64 

±1.52 

-0.24 

±2.21 

37.05 

±2.22 

25.61 

±2.02 

-3.74 

±0.88 
27.01 36.50 10.78 - - - - 

2 32.39 

±1.24 

54.14 

±2.20 

20.64 

±0.77 

33.03 

±2.09 

36.92 

±1.78 

-0.17 

±1.53 

36.34 

±2.31 

26.11 

±2.03 

-3.34 

±1.13 
27.02 37.10 11.74 0,2 3.45 2.53 0.96 

3 30.33 

±1.62 

53.90 

±1.40 

22.13 

±1.34 

29.03 

±2.33 

36.82 

±2.65 

-0.24 

±1.60 

33.99 

±2.04 

26.52 

±2.38 

-3.44 

±1.25 
28.18 37.64 11.87 0,3 5.47 6.29 3.21 

4 25.67 

±1.85 

50.18 

±1.30 

24.82 

±2.31 

25.46 

±2.43 

35.99 

±1.71 

-0.31 

±1.44 

30.83 

±1.86 

27.06 

±2.28 

-4.02 

±0.87 
28.86 37.31 11.05 0,4 10.86 9.75 6.40 
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Table 42: Color values and ∆𝐸𝐸 of pH indicator with Dendrobium orchid extract during storage at 25ºC  

Week 

Color value of pH indicator during storage period at 25ºC ∆𝑬𝑬𝒑𝒑𝒑𝒑 ∆𝑬𝑬𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 

3 5 7 
3,5 3,7 5.7 Week 3 5 7 

L* a* b* L* a* b* L* a* b* 

0 42.15 

±2.46 

62.85 

±2.69 

31.73 

±1.63 

31.50 

±2.74 

51.06 

±4.71 

18.35 

±6.45 

19.82 

±0.76 

33.77 

±1.80 

-7.36 

±1.47 
20.77 53.59 33.11 - - - - 

2 41.58 

±3.10 

62.76 

±2.36 

30.99 

±2.10 

30.36 

±1.66 

52.23 

±2.24 

18.52 

±3.14 

17.30 

±2.57 

33.37 

±2.94 

-7.11 

±2.99 
19.81 53.90 34.40 0,2 0.93 1.64 2.56 

4 39.48 

±3.37 

63.27 

±2.00 

30.43 

±2.15 

30.07 

±4.54 

53.12 

±4.47 

17.35 

±5.58 

15.23 

±3.01 

32.28 

±3.67 

-7.65 

±3.19 
19.05 54.76 35.77 0,4 2.99 2.70 4.84 

5 36.80 

±2.29 

62.24 

±2.56 

30.27 

±2.25 

28.10 

±4.74 

52.81 

±4.91 

16.76 

±2.81 

14.06 

±3.69 

29.00 

±2.27 

-7.16 

±1.87 
18.63 54.98 36.55 0,5 5.58 4.14 7.48 
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Table 43: Color values and ∆𝐸𝐸 of pH indicator with butterfly pea extract during storage at 25ºC  

Week 

Color value of pH indicator during storage period at 25ºC ∆𝑬𝑬𝒑𝒑𝒑𝒑 ∆𝑬𝑬𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 

3 5 7 
3,5 3,7 5.7 Week 3 5 7 

L* a* b* L* a* b* L* a* b* 

0 33.41 

±2.49 

15.58 

±1.07 

-14.92 

±1.15 

27.10 

±2.06 

8.18 

±0.73 

-15.51 

±1.22 

35.34 

±3.46 

-4.91 

±1.63 

-16.81 

±1.09 
9.75 20.67 15.52 - - - - 

2 33.14 

±2.29 

15.85 

±1.24 

-15.63 

±1.96 

26.29 

±1.27 

7.84 

±0.92 

-15.03 

±1.20 

36.26 

±1.67 

-4.45 

±1.33 

-16.30 

±1.37 
10.55 20.59 15.91 0,2 0.81 1.00 1.13 

4 31.64 

±1.91 

15.94 

±1.14 

-15.75 

±1.09 

24.89 

±2.54 

7.82 

±1.06 

-15.05 

±1.10 

37.91 

±2.10 

-4.37 

±1.25 

-15.95 

±0.96 
10.59 21.26 17.86 0,4 1.99 2.29 2.76 

6 26.49 

±2.68 

17.73 

±1.72 

-16.72 

±1.24 

25.78 

±2.29 

9.07 

±1.06 

-15.40 

±1.53 

34.86 

±2.77 

-4.12 

±1.94 

-15.46 

±1.42 
8.79 23.43 16.01 0,6 7.48 1.60 1.65 

7 22.94 

±2.55 

18.21 

±1.03 

-18.03 

±1.23 

24.75 

±1.91 

10.41 

±0.95 

-15.51 

±1.22 

31.75 

±1.12 

-3.49 

±0.98 

-15.43 

±1.78 
8.39 23.57 15.57 0,7 11.24 3.25 4.11 



 

 Page 83 of 92 

Conclusion and Future Work 

(สรปุ และข้อเสนอแนะสาํหรบังานวิจยัในอนาคต) 

 

 Colorimetric indicators for pH and CO2 to be used primarily in packaging system for short 

shelf-life foods were developed from plant extracts. The plants, i.e. fresh red cabbage (Brassica 

oleraces var. capitate f. rubra), Dendrobium orchid (Dendrobium Sonia ‘Earsakul’), and butterfly 

pea (Clitoria ternatea L.), were selected based on their abilities to visibly change colors when 

exposed to different pH environments. Visible spectrum (400 - 700 nm) and wavelengths with 

maximum absorbance (𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚) of each plant extract prepared using hot water extraction were 

obtained. The 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of red cabbage, Dendrobium orchid, and butterfly pea extracts were 553 nm, 

543 and 583 nm, and 574 and 618 nm, respectively.  

 Optimization of microwave assisted hot water extraction (mHWE) for each selected plant 

were achieved using response surface methodology (RSM) – Box-Behnken design and desirability 

analysis. The parameters included in the study were sample to water ratio (g/mL), extraction 

power (W), and extraction time (s); the response was absorbance at  𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 . Total monomeric 

anthocyanin pigment content of all extracts were also determined. Positive correlations between 

total monomeric anthocyanin contents and absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 were observed in all plant extract 

samples. According to the constructed mathematical models, 1) sample to water ratio and 2) 

extraction time were the parameters that prominently influenced the extraction yields. The 

conditions for mHWE for all selected plants were identified, i.e. sample to water ratio of 1:30 g/mL, 

power of 800 W, and extraction time of 180 s for butterfly pea; and 1:3 g/mL, 800 W, and 480 s 

for red cabbage and Dendrobium orchid. These selected conditions gave maximum absorbance 

at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 and total monomeric anthocyanin content, while maintaining the quality of the extracts 

and did not cause violent boiling. 

RSM and deniability analysis were used to determine optimal formula of colorimetric layer, 

with color change in response to pH and solubility of the prepared films as response. Suitable 

amount of each plant extract for the colorimetric layer was identified through difference test (Two 

out of five) by 50 untrained panelists. The final formula for colorimetric layers were 3% (w/w) of 

carrageenan, 2% (w/w) of pectin, 1% (w/w) of cellulose powder, and 40 % (v/w) of extract for 

colorimetric layer with red cabbage or Dendrobium orchid extract; and 1.5% (w/w) of CMC, 1.5% 

(w/w) of carrageenan, 1.5% (w/w) of pectin, 1% (w/w) of cellulose powder, and 6 % (v/w) of 

extract for colorimetric layer with butterfly pea. These formula gave films with high color-changing 

capacity (∆𝐸𝐸 and/or ∆𝐻𝐻) when exposed to different pH values, and low films’ solubility. The 

colorimetric films prepared based on final formula were determined their physical-, optical-, 
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morphological, mechanical-, and thermal properties. Apart from their color characteristics, there 

was no significant difference in properties among films with different plant extracts.  

The films were also studied their color-changing mechanism by observing their IR 

spectrum and color appearances at pH value of 2, 3, 5, and 7. In indicator with red cabbage and 

Dendrobium orchid extract, which the main anthocyanin was reported to be cyanidin(30), the 

pigment changed its form from flavylium cation to hemiketal to quinoidal base, at pH of 2-3, 4-5, 

and 6-7, respectively, changing the film’s color from red to purple(11). On the other hand, 

delphinidin was reported to be the main anthocyanin found in butterfly pea(42). Comparison of IR 

spectrum and the film’s colors at different pH values indicated that the pigment changed from 

flavylium cation to anhydrobase to anhydrobase antion, at pH 2, 3-5, and 7, respectively, resulting 

in the film’s color from reddish purple to purple to blue.   

 developed indicator films were assessed their sensitivity to the changes of pH and CO2 

concentration. For sensitivity to pH of the environment, ∆𝐸𝐸 values of colorimetric layers that were 

immersed in different pH buffer (pH of 2-7) were determined, and, for sensitivity to CO2, the films 

were exposed to gas mixture with various CO2 concentration (0-100% v/v). The pairs of indicators 

treated with different pH buffer or CO2 concentration that had low ∆𝐸𝐸 were then subjected to 

difference test by 50 untrained panelists to further assess if the color difference can be distinguish 

by the naked eyes. It was found that colorimetric films with red cabbage, Dendrobium orchid, and 

butterfly pea extracts responded well to changes in pH of the environments. However, similarities 

of the films’ colors at some pH values might make it difficult for observers to identify pH of the 

environment, in some cases, especially, environments with pH 4-6, for films with red cabbage or 

butterfly pea extract. The ∆𝐸𝐸 values obtained from exposing colorimetric layers to CO2 at different 

concentrations showed that visual changes of the films’ colors were low and occurred mostly at 

CO2 level of 75 and 100% CO2. Based on this finding, the performance of developed films as 

CO2 indicator was not studied. 

Colorimetric films were made into pH indicator prototype. The final designs consisted of 

outer layers of cellophane film and PLA sheet, and white plastic backing film. The indicators 

changed color when exposed to food products with different pH, but the sensitivity was not high 

enough to be used as safety measure for short shelf-life food products. However, all indicators, 

especially indicator with Dendrobium extract, might have potential use in informing the consumers 

about the foods’ qualities, especially for fermented foods, such as fermented fish and mushroom, 

since the change in pH helps the consumers in decision making regarding taste acceptability, 

and partly indicates the safety of the foods. The use of these indicators in an acidic environment 

can also maintain quality of anthocyanin longer than using them at higher pH values(11). During 
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the performance study, it was found that, in some cases, the indicators’ colors were visibly fading 

after 2-3 days of attachment to the food samples, especially in foods that had 1) low acidic to 

neutral pH, or 2) large amount of fluid, which could be due to low stability of anthocyanins in high 

pH value(70) and/or the leaching of color compounds from colorimetric layer into the foods(27). 

Other limitations of the developed indicators included the changed colors were not similar to the 

colors they produced after immersing in pH buffer solutions; and the color of the food could 

obscure visual observation of the indicators during use. 

With appropriate packaging and storage condition, the developed indicators, with red 

cabbage, Dendrobium orchid, and butterfly pea, had shelf-life of 2, 4, 4 weeks, respectively. At 

the end of shelf-life, ∆𝐸𝐸 values of indicators with different pH were equal to or higher than 4.0(4).   

The devices included in any intelligent packaging system should have high stability and 

sensitivity; should be non-toxic, economical, and easy to introduce into the package(71). Thus, to 

further develop the pH indicator with plant extract, especially one that is rich in anthocyanins, it 

is important to improve the pigments’ stability within the colorimetric layer. There are several 

potential approaches, for example, copigmentation with other organic compounds or natural 

pigments to form a more stable complex, such as phenolic acids, amino acids, or among 

anthocyanins themselves(18, 19), or with metal ions, e.g. ferric ion (Fe+3) or Zine ion (Zinc+2)(12, 20). 

This can result in a more stable complex, and might increase the indicator’s shelf-life as well. On 

the other hand, the sensitivity to pH of the environment of the formed complex will need to be 

reassessed since copigmentation can significantly change anthocyanins’ color characteristics(19, 

21). 

Changing film-forming chemicals for colorimetric layer can increase anthocyanins’ 

stability. The uses of polymeric compounds, such as pectin and whey protein could improve the 

pigment’s stability(22). The use of whey protein as film-forming compound also decrease solubility 

of the film(23). However, the study on influences of protein denaturation on color-changing capacity 

of the pigment/film should also be assessed. There are several other film-forming chemicals that 

can be used to develop pH indicator as well, for example chitosan, zein protein, or combination 

of film-forming compounds(3, 23, 72). 
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Appendix 1 – Color values of plant extracts at different pH   

 

Table A1.1: Color values of plant extracts included in the study  

Plant Type 
 pH 3.0 pH 5.0 pH 7.0 

L* a* b* L* a* b* L* a* b* 

Red cabbage 1 72.96 38.67 -7.25 81.42 13.84 -8.73 80.79 3.26 -8.59 

2 64.21 50.55 -1.78 82.59 15.75 -9.06 76.34 2.41 -11.00 

3 67.46 42.04 -2.80 79.95 12.09 -8.30 73.22 3.50 -12.66 

Ave. ± S.D. 68.21±4.42 43.45±6.12 -3.94±2.91 81.32±1.32 13.89±1.83 -8.70±0.38 76.78±3.80 3.06±0.57 -10.75±2.05 

Rose 1 60.47 62.88 52.17 55.81 66.34 60.28 54.34 60.39 55.73 

2 55.31 55.07 51.54 51.25 68.36 63.81 60.18 58.15 63.02 

3 58.10 63.10 52.64 59.00 48.02 50.09 58.46 50.45 60.69 

Ave. ± S.D. 57.96±2.58 60.35±4.57 52.12±0.55 55.35±3.90 60.91±11.21 58.06±7.12 57.66±3.00 56.33±5.21 59.81±3.72 

Dendrobium 

orchid 

1 68.59 53.82 -28.22 82.11 24.95 -5.35 71.48 25.63 -28.56 

2 70.68 47.65 -27.74 80.52 26.48 -3.84 58.03 22.59 -26.8 

3 61.51 58.21 -31.00 80.62 28.02 -3.13 62.00 27.89 -33.61 

Ave. ± S.D. 66.93±4.81 53.23±5.30 -28.99±1.76 81.08±0.89 26.48±1.54 -4.11±1.13 63.84±6.91 25.37±2.66 -29.66±3.53 

Butterfly pea 1 46.91 60.41 -34.73 42.45 34.26 -70.42 51.01 -13.15 -38.61 

2 44.72 54.39 -42.25 43.6 31.58 -72.16 50.15 -15.93 -28.58 

3 39.35 47.02 -30.86 52.05 22.23 -57.07 44.24 -13.8 -35.08 

Ave. ± S.D. 43.66±3.89 53.94±6.71 -35.95±5.79 46.03±5.24 29.36±6.32 -66.55±8.26 48.47±3.69 -14.29±1.45 -34.09±5.09 
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Table A1.2: pH values of plant extracts 

Plant Type Replication 
Temperature of 

Extract 
pH of plant extract Average ± S.D. 

Red cabbage 1 32.1 6.85 6.82±0.02 

2 32.4 6.81 

3 32.1 6.83 

4 32.1 6.81 

5 32.5 6.81 

Dendrobium 

orchid 

1 31.4 6.83 6.84±0.01 

2 31.4 6.85 

3 32.5 6.83 

4 31.5 6.84 

5 31.5 6.83 

Butterfly pea 1 32.1 6.84 6.84±0.01 

2 32.1 6.85 

3 32.3 6.83 

4 32.4 6.84 

5 32.1 6.84 
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Appendix 2 – RSM and desirability analysis for microwave assisted hot water extraction of 

plant extracts 

 

2.1.  Optimization of microwave assisted hot water extraction of red cabbage (using 

absorbance at ���� = 553 nm as response)  

 

Table A2.1: Absorbance at ���� = 553 nm and corresponding total monomeric anthocyanin 

content of red cabbage extracts obtained from microwave assisted hot water extraction 

Trt. Code 
S:W* 

(g/mL) 

Power 

(W) 

Time 

(s) 

 
Absorbance 

TAC 

(cyd-3-glu equivalents, mg/L) 

1 0 0 0 1:4 640 300 1 0.7295 118.63 

2 0.5378 127.45 

3 0.8210 114.49 

2 0 - + 1:4 480 480 1 0.6310 122.97 

2 0.5890 136.58 

3 1.0063 138.38 

3 - - 0 1:5 480 300 1 0.8073 122.54 

2 0.3180 63.22 

3 0.5668 75.95 

4 0 0 0 1:4 640 300 1 0.7558 155.78 

2 0.5723 133.42 

3 0.6250 129.02 

5 - 0 - 1:5 640 120 1 0.2518 46.39 

2 0.1958 35.92 

3 0.2428 31.54 

6 0 0 0 1:4 640 300 1 0.7383 129.89 

2 0.5108 115.71 

3 0.8580 120.24 

7 + - 0 1:3 480 300 1 1.2563 160.58 

2 0.7505 136.33 

3 1.0030 114.10 

8 + + 0 1:3 800 300 1 1.0825 124.66 

2 0.9005 156.22 
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Trt. Code 
S:W* 

(g/mL) 

Power 

(W) 

Time 

(s) 

 
Absorbance 

TAC 

(cyd-3-glu equivalents, mg/L) 

3 1.2873 155.73 

9 + 0 - 1:3 640 120 1 0.4798 85.85 

2 0.2930 66.80 

3 0.3263 40.59 

10 0 - - 1:4 480 120 1 0.2118 37.32 

2 0.1915 41.36 

3 0.3100 29.89 

11 0 + - 1:4 800 120 1 0.3963 40.66 

2 0.2518 32.79 

3 0.4188 41.41 

12 0 + + 1:4 800 480 1 2.2535 284.11 

2 1.5425 189.38 

3 1.8440 195.23 

13 - + 0 1:5 800 300 1 0.6653 120.98 

2 0.4175 103.53 

3 0.7130 92.14 

14 + 0 + 1:3 640 480 1 1.4778 172.29 

2 1.0135 165.02 

3 1.6833 202.31 

15 - 0 + 1:5 640 480 1 0.7253 130.06 

2 0.5798 126.73 

3 1.1158 161.49 

*Trt. = Treatment; S:W = Sample to water ratio; A = Absorbance; and TAC = Total monomeric 

anthocyanin content  
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Response RC 553 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.806566 
RSquare Adj 0.756826 
Root Mean Square Error 0.23067 
Mean of Response 0.7544 
Observations (or Sum Wgts) 45 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 9 7.7652818 0.862809 16.2156 
Error 35 1.8622974 0.053208 Prob > F 

C. Total 44 9.6275792  <.0001* 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 3 0.5673497 0.189117 4.6733 
Pure Error 32 1.2949477 0.040467 Prob > F 

Total Error 35 1.8622974  0.0081* 
    Max RSq 

    0.8655 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

Intercept  -0.761812 0.218043 -3.49 0.0013* 
Ratio  0.2064417 0.047085 4.38 0.0001* 
Power  0.0010759 0.000294 3.66 0.0008* 
Time  0.1512792 0.015695 9.64 <.0001* 
Ratio*Ratio  0.0128542 0.069308 0.19 0.8539 
Ratio*(Power-640)  8.1667e-5 0.000416 0.20 0.8456 
(Power-640)*(Power-640)  4.6086e-6 2.707e-6 1.70 0.0976 
Ratio*(Time-5)  0.0373611 0.022196 1.68 0.1012 
(Power-640)*(Time-5)  0.0005313 0.000139 3.83 0.0005* 
(Time-5)*(Time-5)  0.0003032 0.007701 0.04 0.9688 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

Ratio    1 1 1.0228359 19.2232 0.0001*  
Power    1 1 0.7112205 13.3667 0.0008*  
Time    1 1 4.9432434 92.9033 <.0001*  
Ratio*Ratio    1 1 0.0018302 0.0344 0.8539  
Ratio*Power    1 1 0.0020489 0.0385 0.8456  
Power*Power    1 1 0.1541806 2.8977 0.0976  
Ratio*Time    1 1 0.1507521 2.8332 0.1012  
Power*Time    1 1 0.7803510 14.6659 0.0005*  
Time*Time    1 1 0.0000825 0.0016 0.9688  
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Residual by Predicted Plot 

 
 

Ratio Leverage Plot 

 
Power Leverage Plot 

 
Time Leverage Plot 
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Ratio*Ratio Leverage Plot 

 
Ratio*Power Leverage Plot 

 
Power*Power Leverage Plot 
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Ratio*Time Leverage Plot 

 
Power*Time Leverage Plot 

 
Time*Time Leverage Plot 

 
 

Response Surface 
Coef Ratio Power Time RC 553 

Ratio 0.0128542 8.1667e-5 0.0373611 0.2064417 
Power . 4.6086e-6 0.0005313 0.0010759 
Time . . 0.0003032 0.1512792 
 

Solution 
Variable Critical Value 

Ratio -4.859102 
Power 699.6021 
Time 2.6877092 
 
Solution is a  
SaddlePoint 
 
Critical values outside data range 
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Predicted Value at Solution 
0.0387687 
 

Canonical Curvature 
Eigenvalues and Eigenvectors  
 
     

Eigenvalue 0.0263 0.0000 -0.0131 
Ratio 0.81188 -0.01434 -0.58364 
Power 0.00716 0.99987 -0.01460 
Time 0.58377 0.00768 0.81188 
    
 
 

Prediction Profiler 

 
 

 

  



 

 Page A11 of A102 

2.2.  Optimization of microwave assisted hot water extraction of Dendrobium orchid (using 

absorbance at ���� = 543 and 583 nm as responses)  

 

Table A2.2: Absorbance at ����  = 543 and 583 nm and corresponding total monomeric 

anthocyanin content of Dendrobium orchid extracts obtained from microwave assisted hot water 

extraction 

Trt. Code 
S:W* 

(g/mL) 

Power 

(W) 

Time 

(s) 

 Absorbance 
TAC* 

���� jj ���� jjj 

1 0 0 0 1:4 640 300 1 3.1475 3.0410 25.75 

2 3.1340 3.0135 26.45 

3 2.5338 2.4610 24.70 

2 0 - + 1:4 480 480 1 4.0955 3.9633 25.58 

2 3.8928 3.7658 23.02 

3 4.0618 3.9150 20.66 

3 - - 0 1:5 480 300 1 2.4283 2.3663 11.52 

2 1.6810 1.6335 11.42 

3 1.7695 1.7210 11.22 

4 0 0 0 1:4 640 300 1 4.9243 4.7418 27.87 

2 3.0793 2.9783 22.44 

3 2.7595 2.6688 25.99 

5 - 0 - 1:5 640 120 1 0.6601 0.6478 2.75 

2 0.4830 0.4566 2.91 

3 0.6470 0.6328 2.91 

6 0 0 0 1:4 640 300 1 4.2793 4.1243 28.14 

2 3.0805 2.9735 27.53 

3 4.3108 4.1625 27.62 

7 + - 0 1:3 480 300 1 3.6305 3.5233 24.70 

2 2.2680 2.2158 20.68 

3 3.1553 3.0338 11.87 

8 + + 0 1:3 800 300 1 3.4403 3.3140 21.64 

2 4.2848 4.1108 20.47 

3 3.2815 3.1695 19.67 

9 + 0 - 1:3 640 120 1 0.6788 0.6763 5.04 
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Trt. Code 
S:W* 

(g/mL) 

Power 

(W) 

Time 

(s) 

 Absorbance 
TAC* 

���� jj ���� jjj 

2 0.9670 0.9365 4.87 

3 0.9298 0.9005 3.82 

10 0 - - 1:4 480 120 1 0.4840 0.4815 2.92 

2 0.4820 0.4396 3.10 

3 0.4933 0.4815 3.22 

11 0 + - 1:4 800 120 1 1.1853 1.1730 7.92 

2 1.0565 1.0335 4.49 

3 0.8935 0.8753 8.17 

12 0 + + 1:4 800 480 1 9.7250 9.4195 46.52 

2 7.8365 7.5970 48.26 

3 8.2530 7.9775 39.38 

13 - + 0 1:5 800 300 1 2.6945 2.6290 19.85 

2 2.5955 2.5170 14.26 

3 2.2548 2.1960 16.05 

14 + 0 + 1:3 640 480 1 5.9925 5.7578 37.84 

2 6.6920 6.3613 36.37 

3 8.6035 8.2715 38.09 

15 - 0 + 1:5 640 480 1 3.2455 3.0653 14.29 

2 4.1003 3.9895 25.00 

3 2.9100 2.8215 26.90 

*Trt. = Treatment; S:W = Sample to water ratio; A = Absorbance; TAC = Total monomeric 

anthocyanin content (cyd-3-glu equivalents, mg/L) 
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Least Squares Fit 
Response V 543 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.902554 
RSquare Adj 0.877496 
Root Mean Square Error 0.799211 
Mean of Response 3.180038 
Observations (or Sum Wgts) 45 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 9 207.06101 23.0068 36.0191 
Error 35 22.35584 0.6387 Prob > F 

C. Total 44 229.41686  <.0001* 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 3 8.487633 2.82921 6.5282 
Pure Error 32 13.868211 0.43338 Prob > F 

Total Error 35 22.355844  0.0014* 
    Max RSq 

    0.9396 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

Intercept  -3.902207 0.755463 -5.17 <.0001* 
Ratio  0.7689375 0.163138 4.71 <.0001* 
Power  0.0049633 0.00102 4.87 <.0001* 
Time  0.8395569 0.054379 15.44 <.0001* 
Ratio*Ratio  -0.613793 0.240133 -2.56 0.0151* 
Ratio*(Power-640)  0.0001494 0.001442 0.10 0.9181 
(Power-640)*(Power-640)  -2.656e-6 9.38e-6 -0.28 0.7788 
Ratio*(Time-5)  0.2846306 0.076904 3.70 0.0007* 
(Power-640)*(Time-5)  0.0020987 0.000481 4.37 0.0001* 
(Time-5)*(Time-5)  0.0149045 0.026681 0.56 0.5800 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

Ratio    1 1 14.19036 22.2162 <.0001*  
Power    1 1 15.13555 23.6960 <.0001*  
Time    1 1 152.24887 238.3587 <.0001*  
Ratio*Ratio    1 1 4.17314 6.5334 0.0151*  
Ratio*Power    1 1 0.00685 0.0107 0.9181  
Power*Power    1 1 0.05120 0.0802 0.7788  
Ratio*Time    1 1 8.74957 13.6982 0.0007*  
Power*Time    1 1 12.17745 19.0648 0.0001*  
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Source Nparm DF Sum of Squares F Ratio Prob > F   

Time*Time    1 1 0.19931 0.3120 0.5800  
 

Residual by Predicted Plot 

 
 

Ratio Leverage Plot 

 
Power Leverage Plot 
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Time Leverage Plot 

 
Ratio*Ratio Leverage Plot 

 
Ratio*Power Leverage Plot 
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Power*Power Leverage Plot 

 
Ratio*Time Leverage Plot 

 
Power*Time Leverage Plot 

 
Time*Time Leverage Plot 
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Response Surface 
Coef Ratio Power Time V 543 

Ratio -0.613793 0.0001494 0.2846306 0.7689375 
Power . -2.656e-6 0.0020987 0.0049633 
Time . . 0.0149045 0.8395569 
 

Solution 
Variable Critical Value 

Ratio -0.155677 
Power 306.49538 
Time 1.8020744 
 
Solution is a  
SaddlePoint 
 
Critical values outside data range 
 
Predicted Value at Solution 
1.2421905 

Canonical Curvature 
Eigenvalues and Eigenvectors  
 
     

Eigenvalue 0.0456 -0.0000 -0.6445 
Ratio 0.21090 -0.00504 0.97749 
Power 0.02281 0.99974 0.00023 
Time 0.97724 -0.02225 -0.21096 
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Response V 583 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.900717 
RSquare Adj 0.875187 
Root Mean Square Error 0.776946 
Mean of Response 3.07188 
Observations (or Sum Wgts) 45 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 9 191.67460 21.2972 35.2809 
Error 35 21.12759 0.6036 Prob > F 

C. Total 44 212.80219  <.0001* 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 3 8.198901 2.73297 6.7644 
Pure Error 32 12.928689 0.40402 Prob > F 

Total Error 35 21.127591  0.0012* 
    Max RSq 

    0.9392 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

Intercept  -3.766574 0.734417 -5.13 <.0001* 
Ratio  0.7331167 0.158593 4.62 <.0001* 
Power  0.0048103 0.000991 4.85 <.0001* 
Time  0.8079181 0.052864 15.28 <.0001* 
Ratio*Ratio  -0.599779 0.233443 -2.57 0.0146* 
Ratio*(Power-640)  0.0001043 0.001402 0.07 0.9411 
(Power-640)*(Power-640)  -1.928e-6 9.119e-6 -0.21 0.8338 
Ratio*(Time-5)  0.2705056 0.074762 3.62 0.0009* 
(Power-640)*(Time-5)  0.0020262 0.000467 4.34 0.0001* 
(Time-5)*(Time-5)  0.013844 0.025938 0.53 0.5969 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

Ratio    1 1 12.89904 21.3686 <.0001*  
Power    1 1 14.21682 23.5516 <.0001*  
Time    1 1 140.99002 233.5643 <.0001*  
Ratio*Ratio    1 1 3.98476 6.6012 0.0146*  
Ratio*Power    1 1 0.00334 0.0055 0.9411  
Power*Power    1 1 0.02698 0.0447 0.8338  
Ratio*Time    1 1 7.90271 13.0916 0.0009*  
Power*Time    1 1 11.35044 18.8032 0.0001*  
Time*Time    1 1 0.17196 0.2849 0.5969  
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Residual by Predicted Plot 

 
 

Ratio Leverage Plot 

 
Power Leverage Plot 

 
Time Leverage Plot 
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Ratio*Ratio Leverage Plot 

 
Ratio*Power Leverage Plot 

 
Power*Power Leverage Plot 
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Ratio*Time Leverage Plot 

 
Power*Time Leverage Plot 

 
Time*Time Leverage Plot 

 
 

Response Surface 
Coef Ratio Power Time V 583 

Ratio -0.599779 0.0001043 0.2705056 0.7331167 
Power . -1.928e-6 0.0020262 0.0048103 
Time . . 0.013844 0.8079181 
 

Solution 
Variable Critical Value 

Ratio -0.100573 
Power 296.00202 
Time 1.9764345 
 
Solution is a  
SaddlePoint 
 
Critical values outside data range 
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Predicted Value at Solution 
1.2659974 

 
Canonical Curvature 
Eigenvalues and Eigenvectors  
 
     

Eigenvalue 0.0424 -0.0000 -0.6283 
Ratio 0.20605 -0.00512 0.97853 
Power 0.02365 0.99972 0.00025 
Time 0.97826 -0.02309 -0.20611 
    
 

Prediction Profiler 
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2.3.  Optimization of microwave assisted hot water extraction of butterfly pea (using 

absorbance at ���� = 574 and 618 nm as responses)  

 

Table A2.3: Absorbance at ����  = 574 and 618 nm and corresponding total monomeric 

anthocyanin content of butterfly pea extracts obtained from microwave assisted hot water 

extraction 

Trt. Code 
S:W* 

(g/mL) 

Power 

(W) 

Time 

(s) 

 Absorbance 
TAC* 

��	� �
�� 

1 0 0 0 1:40 640 120 1 8.1205 8.3370 27.12 

2 7.3740 7.3530 28.17 

3 7.5170 7.5090 30.79 

2 0 - + 1:40 480 180 1 11.0820 11.2870 37.74 

2 8.0045 7.8720 51.50 

3 8.1590 8.0825 47.39 

3 - - 0 1:50 480 120 1 3.5625 3.7140 13.71 

2 3.4075 3.4015 14.24 

3 4.1570 4.0905 15.11 

4 0 0 0 1:40 640 120 1 7.1840 7.2415 24.63 

2 6.0420 5.9075 23.45 

3 6.6575 6.4865 25.95 

5 - 0 - 1:50 640 60 1 0.7565 0.8080 3.62 

2 1.1880 1.2145 3.54 

3 1.1490 1.1530 3.64 

6 0 0 0 1:40 640 120 1 6.1015 6.0830 33.55 

2 5.5850 5.5115 30.14 

3 7.8025 7.6820 34.04 

7 + - 0 1:30 480 120 1 5.4945 5.6850 28.74 

2 6.0360 6.0120 42.16 

3 4.1360 4.1100 37.86 

8 + + 0 1:30 800 120 1 11.1670 11.0850 55.16 

2 10.7340 10.5140 64.09 

3 12.5080 12.1520 56.02 

9 + 0 - 1:30 640 60 1 2.0670 2.0965 12.04 
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Trt. Code 
S:W* 

(g/mL) 

Power 

(W) 

Time 

(s) 

 Absorbance 
TAC* 

��	� �
�� 

2 4.4840 4.4225 20.59 

3 3.4270 3.4065 10.05 

10 0 - - 1:40 480 60 1 1.5050 1.6280 9.00 

2 1.7800 1.7935 5.99 

3 2.1195 2.1255 7.92 

11 0 + - 1:40 800 60 1 3.2200 3.2200 46.53 

2 3.0485 3.0940 44.83 

3 3.5890 3.5870 50.56 

12 0 + + 1:40 800 180 1 18.9700 18.7270 61.13 

2 22.2020 21.9520 72.62 

3 21.9570 21.6680 77.30 

13 - + 0 1:50 800 120 1 4.6530 4.8535 19.00 

2 3.9245 3.8950 22.06 

3 3.4030 3.3970 25.53 

14 + 0 + 1:30 640 180 1 22.2420 21.9110 77.97 

2 17.1890 16.7930 77.92 

3 19.1860 18.9790 91.26 

15 - 0 + 1:50 640 180 1 6.6450 6.8240 23.23 

2 4.6735 4.7500 24.14 

3 5.4490 5.4870 24.45 

*Trt. = Treatment; S:W = Sample to water ratio; A = Absorbance; TAC = Total monomeric 

anthocyanin content (cyd-3-glu equivalents, mg/L) 

 

  



 

 Page A25 of A102 

Least Squares Fit 
Response Abs 574 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.943238 
RSquare Adj 0.928642 
Root Mean Square Error 1.569065 
Mean of Response 7.325767 
Observations (or Sum Wgts) 45 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 9 1431.9064 159.101 64.6235 
Error 35 86.1688 2.462 Prob > F 

C. Total 44 1518.0752  <.0001* 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 3 44.489762 14.8299 11.3860 
Pure Error 32 41.679014 1.3025 Prob > F 

Total Error 35 86.168777  <.0001* 
    Max RSq 

    0.9725 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

Intercept  -14.50932 1.524857 -9.52 <.0001* 
Ratio  3.15425 0.320284 9.85 <.0001* 
Power  0.0156074 0.002002 7.80 <.0001* 
Time  5.7260625 0.320284 17.88 <.0001* 
Ratio*Ratio  -1.13234 0.471445 -2.40 0.0218* 
Ratio*(Power-640)  0.0093172 0.002831 3.29 0.0023* 
(Power-640)*(Power-640)  0.0000117 1.842e-5 0.64 0.5296 
Ratio*(Time-2)  2.91375 0.45295 6.43 <.0001* 
(Power-640)*(Time-2)  0.0163701 0.002831 5.78 <.0001* 
(Time-2)*(Time-2)  1.5721181 0.471445 3.33 0.0020* 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

Ratio    1 1 238.78303 96.9888 <.0001*  
Power    1 1 149.66269 60.7899 <.0001*  
Time    1 1 786.90700 319.6256 <.0001*  
Ratio*Ratio    1 1 14.20277 5.7689 0.0218*  
Ratio*Power    1 1 26.66803 10.8320 0.0023*  
Power*Power    1 1 0.99273 0.4032 0.5296  
Ratio*Time    1 1 101.87927 41.3813 <.0001*  
Power*Time    1 1 82.32303 33.4379 <.0001*  
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Source Nparm DF Sum of Squares F Ratio Prob > F   

Time*Time    1 1 27.37723 11.1201 0.0020*  
 

Residual by Predicted Plot 

 
Ratio Leverage Plot 

 
Power Leverage Plot 
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Time Leverage Plot 

 
Ratio*Ratio Leverage Plot 

 
Ratio*Power Leverage Plot 
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Power*Power Leverage Plot 

 
Ratio*Time Leverage Plot 

 
Power*Time Leverage Plot 

 
Time*Time Leverage Plot 
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Response Surface 
Coef Ratio Power Time Abs 574 

Ratio -1.13234 0.0093172 2.91375 3.15425 
Power . 0.0000117 0.0163701 0.0156074 
Time . . 1.5721181 5.7260625 
 

Solution 
Variable Critical Value 

Ratio -0.18311 
Power 427.63313 
Time 1.4542175 
 
Solution is a  
SaddlePoint 
 
Critical values outside data range 
 
Predicted Value at Solution 
3.4229262 
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Response Abs 618 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.940716 
RSquare Adj 0.925471 
Root Mean Square Error 1.575684 
Mean of Response 7.286711 
Observations (or Sum Wgts) 45 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 9 1378.8776 153.209 61.7085 
Error 35 86.8973 2.483 Prob > F 

C. Total 44 1465.7750  <.0001* 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 3 42.814070 14.2714 10.3596 
Pure Error 32 44.083275 1.3776 Prob > F 

Total Error 35 86.897345  <.0001* 
    Max RSq 

    0.9699 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

Intercept  -14.1379 1.53129 -9.23 <.0001* 
Ratio  3.0657708 0.321635 9.53 <.0001* 
Power  0.0151935 0.00201 7.56 <.0001* 
Time  5.6576458 0.321635 17.59 <.0001* 
Ratio*Ratio  -1.129028 0.473434 -2.38 0.0226* 
Ratio*(Power-640)  0.0088565 0.002843 3.12 0.0037* 
(Power-640)*(Power-640)  1.1859e-5 1.849e-5 0.64 0.5255 
Ratio*(Time-2)  2.8226667 0.454861 6.21 <.0001* 
(Power-640)*(Time-2)  0.0160164 0.002843 5.63 <.0001* 
(Time-2)*(Time-2)  1.5482222 0.473434 3.27 0.0024* 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

Ratio    1 1 225.57482 90.8557 <.0001*  
Power    1 1 141.82940 57.1252 <.0001*  
Time    1 1 768.21495 309.4171 <.0001*  
Ratio*Ratio    1 1 14.11980 5.6871 0.0226*  
Ratio*Power    1 1 24.09609 9.7053 0.0037*  
Power*Power    1 1 1.02097 0.4112 0.5255  
Ratio*Time    1 1 95.60937 38.5090 <.0001*  
Power*Time    1 1 78.80456 31.7404 <.0001*  
Time*Time    1 1 26.55130 10.6942 0.0024*  
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Residual by Predicted Plot 

 
 

Ratio Leverage Plot 

 
Power Leverage Plot 

 
Time Leverage Plot 
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Ratio*Ratio Leverage Plot 

 
Ratio*Power Leverage Plot 

 
Power*Power Leverage Plot 
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Ratio*Time Leverage Plot 

 
Power*Time Leverage Plot 

 
Time*Time Leverage Plot 

 
 

Response Surface 
Coef Ratio Power Time Abs 618 

Ratio -1.129028 0.0088565 2.8226667 3.0657708 
Power . 1.1859e-5 0.0160164 0.0151935 
Time . . 1.5482222 5.6576458 
 

Solution 
Variable Critical Value 

Ratio -0.169606 
Power 418.49907 
Time 1.4731842 
 
Solution is a  
SaddlePoint 
 
Critical values outside data range 
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Predicted Value at Solution 
3.4682811 
 

Prediction Profiler 
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Appendix 3 – Hot water extraction of plant extracts at 80ºC 

 

3.1.  Hot water extraction of red cabbage   

 

Table A3.1: Absorbance at ���� = 553 nm of red cabbage extract obtained from hot water 

extraction at constant 80ºC and sample to water ratio of 1:3 g/mL 

Time (min)  Absorbance 

10 1 0.8164 

2 0.7626 

3 0.7704 

Ave. ± S.D. 0.7831±0.0291 

20 1 1.0550 

2 1.0064 

3 1.0728 

Ave. ± S.D. 1.0447±0.0344 

30 1 1.0692 

2 1.0876 

3 1.0632 

Ave. ± S.D. 1.0733±0.0127 

40 1 1.0716 

2 1.0782 

3 1.0800 

Ave. ± S.D. 1.0766±0.0044 

50 1 1.1392 

2 1.1240 

3 1.1566 

Ave. ± S.D. 1.1399±0.0163 

60 1 1.1822 

2 1.1524 

3 1.1618 

Ave. ± S.D. 1.1655±0.0152 

70 1 1.1442 

2 1.0980 
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Time (min)  Absorbance 

3 1.1098 

Ave. ± S.D. 1.1173±0.0240 

80 1 1.0768 

2 1.0468 

3 1.0490 

Ave. ± S.D. 1.0575±0.0167 

90 1 1.0710 

2 1.1070 

3 1.0640 

Ave. ± S.D. 1.0807±0.0231 

100 1 1.0664 

2 1.0794 

3 1.0724 

Ave. ± S.D. 1.0727±0.0065 

110 1 1.0382 

2 1.0554 

3 1.0208 

Ave. ± S.D. 1.0381±0.0173 

120 1 1.0412 

2 1.0392 

3 1.0596 

Ave. ± S.D. 1.0467±0.0112 

130 1 1.0470 

2 1.0756 

3 1.0434 

Ave. ± S.D. 1.0553±0.0176 

140 1 1.0052 

2 1.0056 

3 0.9994 

Ave. ± S.D. 1.0034±0.0035 

150 1 1.0154 

2 1.0156 
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Time (min)  Absorbance 

3 1.0026 

Ave. ± S.D. 1.0112±0.0074 

160 1 1.0404 

2 1.0028 

3 1.0628 

Ave. ± S.D. 1.0353±0.0303 

170 1 0.9770 

2 0.9826 

3 0.9742 

Ave. ± S.D. 0.9779±0.0043 

180 1 0.9928 

2 0.9774 

3 1.0000 

Ave. ± S.D. 0.9901±0.0115 

*TAC = Total monomeric anthocyanin content (cyd-3-glu equivalents, mg/L) 

 

  



 

 Page A38 of A102 

3.2.  Hot water extraction of Dendrobium orchid  

 

Table A3.2: Absorbance at ���� = 543 and 583 nm of Dendrobium orchid extract obtained from 

hot water extraction at constant 80ºC and sample to water ratio of 1:3 g/mL 

Time (min) 
 Absorbance 

k ���� jjj k ���� jjj 

10 1 0.7536 0.7864 

2 0.6962 0.7346 

3 0.7090 0.7486 

Ave. ± S.D. 0.7196±0.0301 0.7565±0.0268 

20 1 1.4860 1.4882 

2 1.5578 1.5592 

3 1.5184 1.4628 

Ave. ± S.D. 1.5207±0.0360 1.5034±0.0500 

30 1 2.1370 2.1160 

2 2.2244 2.1996 

3 2.2004 2.0018 

Ave. ± S.D. 2.1873±0.0452 2.1058±0.0993 

40 1 2.4850 2.4478 

2 2.5302 2.4914 

3 2.3844 2.4068 

Ave. ± S.D. 2.4665±0.0746 2.4487±0.0423 

50 1 2.7746 2.7270 

2 2.8902 2.8360 

3 2.7194 2.7822 

Ave. ± S.D. 2.7947±0.0872 2.7817±0.0545 

60 1 3.0610 2.9980 

2 2.9698 2.9086 

3 2.9394 2.8736 

Ave. ± S.D. 2.9901±0.0633 2.9267±0.0642 

70 1 3.0012 3.0202 

2 3.0990 3.0338 

3 3.1088 3.0090 
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Time (min) 
 Absorbance 

k ���� jjj k ���� jjj 

Ave. ± S.D. 3.0697±0.0595 3.0210±0.0124 

80 1 3.0830 3.0156 

2 3.2056 3.0176 

3 3.2754 3.1064 

Ave. ± S.D. 3.1880±0.0974 3.0465±0.0519 

90 1 3.2418 3.1656 

2 3.2442 3.1682 

3 3.2616 3.2348 

Ave. ± S.D. 3.2492±0.0108 3.1895±0.0392 

100 1 3.2872 3.2088 

2 3.2882 3.2098 

3 3.3018 3.2398 

Ave. ± S.D. 3.2924±0.0082 3.2195±0.0176 

110 1 3.3062 3.2286 

2 3.3786 3.2958 

3 3.3456 3.3012 

Ave. ± S.D. 3.3435±0.0362 3.2752±0.0404 

120 1 3.3626 3.2808 

2 3.4520 3.3630 

3 3.4632 3.4010 

Ave. ± S.D. 3.4259±0.0551 3.3483±0.0614 

130 1 3.2812 3.2040 

2 3.4076 3.3264 

3 3.3528 3.3470 

Ave. ± S.D. 3.3472±0.0634 3.2925±0.0773 

140 1 3.2145 3.1230 

2 3.2760 3.1986 

3 3.2878 3.2444 

Ave. ± S.D. 3.2594±0.0394 3.1887±0.0613 

150 1 3.1520 3.0828 

2 3.1994 3.1894 
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Time (min) 
 Absorbance 

k ���� jjj k ���� jjj 

3 3.1104 3.1502 

Ave. ± S.D. 3.1539±0.0445 3.1408±0.0539 

160 1 3.2450 3.0788 

2 3.2048 3.1881 

3 3.2088 3.1388 

Ave. ± S.D. 3.2195±0.0221 3.1352±0.0547 

170 1 3.1958 3.0586 

2 3.1944 3.1644 

3 3.1684 3.1024 

Ave. ± S.D. 3.1862±0.0154 3.1085±0.0532 

180 1 3.1632 3.0586 

2 3.1996 3.1322 

3 3.1186 3.0736 

Ave. ± S.D. 3.1605±0.0406 3.0881±0.0389 
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3.3.  Hot water extraction of butterfly pea  

 

Table A3.3: Absorbance at ���� = 574 and 618 nm of butterfly pea extract obtained from hot 

water extraction at constant 80ºC and sample to water ratio of 1:30 g/mL 

Time (min) 
 Absorbance 

k ��	� jjj k �
�� jjj 

10 1 2.2255 2.6270 

2 2.2855 2.6465 

3 2.1325 2.5520 

Ave. ± S.D. 2.2145±0.0771 2.6085±0.0499 

20 1 6.8720 7.6520 

2 5.6670 6.4800 

3 7.0540 6.8950 

Ave. ± S.D. 6.5310±0.7538 7.0090±0.5943 

30 1 6.9970 7.7960 

2 7.8070 8.5540 

3 8.0110 7.5180 

Ave. ± S.D. 7.6050±0.5363 7.9560±0.5362 

40 1 9.2020 9.9150 

2 9.0440 9.7850 

3 9.5170 10.9140 

Ave. ± S.D. 9.2543±0.2408 10.2047±0.6177 

50 1 8.9550 8.9450 

2 8.9510 9.7090 

3 9.3390 9.9630 

Ave. ± S.D. 9.0817±0.2229 9.5390±0.5299 

60 1 8.9910 8.9180 

2 8.9710 8.8530 

3 9.1010 9.2750 

Ave. ± S.D. 9.0210±0.0700 9.0153±0.2272 

70 1 8.5440 8.7530 

2 8.2900 8.9020 

3 9.0320 9.2420 
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Time (min) 
 Absorbance 

k ��	� jjj k �
�� jjj 

Ave. ± S.D. 8.6220±0.3771 8.9657±0.2506 

80 1 8.4830 8.2140 

2 8.1730 8.0350 

3 9.0990 9.0300 

Ave. ± S.D. 8.5850±0.4714 8.4263±0.5304 

90 1 8.3356 8.5690 

2 8.3960 8.1840 

3 8.5640 8.7190 

Ave. ± S.D. 8.4319±0.1183 8.4907±0.2760 

100 1 8.1038 8.3710 

2 8.0960 8.0920 

3 8.0550 8.4220 

Ave. ± S.D. 8.0849±0.0262 8.2950±0.1776 

110 1 8.0630 7.9080 

2 8.0730 7.8420 

3 7.4610 8.5000 

Ave. ± S.D. 7.8657±0.3505 8.0833±0.3623 

120 1 8.1390 7.9780 

2 7.9280 7.8520 

3 7.5940 8.0410 

Ave. ± S.D. 7.8870±0.2748 7.9570±0.0962 

130 1 8.1038 7.8560 

2 7.9110 7.9490 

3 7.3000 8.1640 

Ave. ± S.D. 7.7716±0.4196 7.9897±0.1580 

140 1 8.1309 7.8720 

2 8.0240 7.8010 

3 7.4620 8.0080 

Ave. ± S.D. 7.8723±0.3593 7.8937±0.1052 

150 1 8.1420 7.7660 

2 8.0430 7.7730 
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Time (min) 
 Absorbance 

k ��	� jjj k �
�� jjj 

3 7.5540 7.9910 

Ave. ± S.D. 7.9130±0.3148 7.8433±0.1279 

160 1 7.5480 7.3500 

2 7.9920 7.7650 

3 7.4040 7.8520 

Ave. ± S.D. 7.6480±0.3065 7.6557±0.2683 

170 1 7.5060 7.2570 

2 6.3110 7.1520 

3 7.2540 7.5480 

Ave. ± S.D. 7.0237±0.6299 7.3190±0.2052 

180 1 7.6000 6.3840 

2 6.7150 6.5650 

3 7.0150 7.0690 

Ave. ± S.D. 7.1100±0.4501 6.6727±0.3550 
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Appendix 4 – RSM and desirability analysis for development of colorimetric film 

 

4.1.  Optimization of colorimetric film with red cabbage extract (using ∆
�,	 and film solubility as responses) 

 

Table A4.1: ∆
�,	 and film solubility of prepared colorimetric film with red cabbage extract 

Formula Code 
Banana 

Flour (g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

1 0.167, 

0.167, 

0.667 

0.50 0.50 2.00 1 24.92 14.72 4.32 24.87 9.01 3.34 5.80 37.12 

2 28.81 8.13 3.34 28.30 3.43 2.02 4.91 38.00 

3 22.27 11.09 4.89 24.12 7.32 4.86 4.19 42.29 

2 0,1,0 0.00 3.00 0.00 1 25.41 10.48 2.71 29.86 5.17 2.46 6.94 35.80 

2 29.03 12.84 4.16 29.42 5.62 2.69 7.37 42.47 

3 23.03 15.21 5.86 23.10 10.37 3.55 5.36 63.53 

3 0.167, 

0.667, 

0.167 

0.50 2.00 0.50 1 25.75 10.87 3.81 28.45 6.97 3.78 4.75 35.50 

2 23.19 17.20 2.19 25.14 10.45 -0.57 7.55 30.66 

3 24.08 17.61 5.91 24.02 11.86 2.74 6.57 47.02 

4 0.333, 

0.333, 

0.333 

1.00 1.00 1.00 1 27.77 11.36 2.79 27.22 7.25 2.08 4.21 26.59 

2 23.75 15.89 1.23 26.01 11.32 0.01 5.24 100.00 

3 23.88 12.30 5.69 24.27 7.49 4.02 5.11 44.28 

5 0.5,0.5,0 1.50 0.00 2.00 1 28.77 11.33 3.66 26.89 7.95 3.83 3.87 30.07 

2 24.49 19.15 2.26 27.09 12.01 -0.17 7.98 35.49 
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Formula Code 
Banana 

Flour (g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

3 23.70 15.59 1.40 23.45 15.07 -0.14 1.64 37.95 

6 0.667, 

0.167, 

0.167 

2.00 0.50 0.50 1 26.99 10.12 2.72 27.34 6.59 1.77 3.67 37.14 

2 22.17 13.65 1.64 25.16 10.15 1.54 4.61 37.32 

3 24.43 20.88 4.73 26.70 12.09 1.22 9.73 28.58 

7 1,0,0 3.00 0.00 0.00 1 26.93 13.08 3.56 27.76 8.49 2.90 4.71 34.00 

2 27.98 12.84 5.38 26.85 7.04 5.54 5.91 34.67 

3 24.68 13.91 2.64 28.75 9.69 2.51 5.86 31.88 

8 0,0.5,0.5 0.00 1.50 1.50 1 26.37 11.78 4.34 25.57 6.40 2.78 5.66 159.47 

2 24.40 15.90 5.60 25.44 8.97 2.98 7.48 30.27 

3 22.24 21.23 5.35 22.18 15.05 0.19 8.05 16.99 

9 0.5,0,0.5 1.50 0.00 1.50 1 24.62 18.10 6.71 22.92 9.73 2.13 9.69 32.43 

2 21.51 22.19 7.50 25.25 14.88 -1.63 12.28 -7.17 

3 25.39 15.35 3.76 25.32 6.29 0.82 9.53 26.98 

10 0,0,1 0.00 0.00 3.00 1 28.52 8.74 7.16 27.43 5.41 6.59 3.55 36.01 

2 22.77 17.03 3.38 23.71 14.72 1.40 3.18 26.88 

3 24.92 14.72 4.32 24.87 9.01 3.34 5.80 37.12 
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Least Squares Fit 
Response solubility cabbage 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.588006 
RSquare Adj 0.416342 
Root Mean Square Error 3.138729 
Mean of Response 34.51079 
Observations (or Sum Wgts) 18 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 5 168.72502 33.7450 3.4253 
Error 12 118.21941 9.8516 Prob > F 

C. Total 17 286.94443  0.0374* 
 
Tested against reduced model: Y=mean 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 4 67.63820 16.9095 2.6744 
Pure Error 8 50.58121 6.3227 Prob > F 

Total Error 12 118.21941  0.1102 
    Max RSq 

    0.8237 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

BF  39.75346 2.166984 18.35 <.0001* 
CMC  37.13331 1.773224 20.94 <.0001* 
Carrageenan  29.971784 2.935932 10.21 <.0001* 
BF*CMC  -13.32983 9.699962 -1.37 0.1945 
BF*Carrageenan  -23.43886 12.43932 -1.88 0.0840 
CMC*Carrageenan  7.6904462 10.50658 0.73 0.4782 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

BF    1 1 3315.4777 336.5415 <.0001*  
CMC    1 1 4320.2390 438.5309 <.0001*  
Carrageenan    1 1 1026.6930 104.2157 <.0001*  
BF*CMC    1 1 18.6045 1.8885 0.1945  
BF*Carrageenan    1 1 34.9774 3.5504 0.0840  
CMC*Carrageenan    1 1 5.2782 0.5358 0.4782  
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Residual by Predicted Plot 

 
 

BF Leverage Plot 

 
CMC Leverage Plot 

 
Carrageenan Leverage Plot 
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BF*CMC Leverage Plot 

 
BF*Carrageenan Leverage Plot 

 
CMC*Carrageenan Leverage Plot 

 
 

Response Surface 
Coef BF CMC Carrageenan solubility 

cabbage 

BF 0 -13.32983 -23.43886 39.75346 
CMC . 0 7.6904462 37.13331 
Carrageenan . . 0 29.971784 
 

Solution 
Variable Critical Value 

BF 0.2395736 
CMC 1.0032838 
Carrageenan -0.242857 
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Solution is a  
SaddlePoint 
 
Assuming the following mixture sum: BF+CMC+Carrageenan=1 
 
Critical values outside data range 
 
Predicted Value at Solution 
35.786205 

 
Canonical Curvature 
Eigenvalues and Eigenvectors  
 
    

Eigenvalue 23.4858 -7.7374 
BF 0.99925 -0.03876 
CMC 0.03876 0.99925 
   
 
 
 
 
 

Response E37C 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.510504 
RSquare Adj 0.306547 
Root Mean Square Error 1.838962 
Mean of Response 5.684444 
Observations (or Sum Wgts) 18 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 5 42.323050 8.46461 2.5030 
Error 12 40.581394 3.38178 Prob > F 

C. Total 17 82.904444  0.0896 
 
Tested against reduced model: Y=mean 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 4 2.452794 0.61320 0.1287 
Pure Error 8 38.128600 4.76607 Prob > F 

Total Error 12 40.581394  0.9677 
    Max RSq 
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Source DF Sum of Squares Mean Square F Ratio 

    0.5401 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

BF  7.7101676 1.269623 6.07 <.0001* 
CMC  5.2009181 1.038921 5.01 0.0003* 
Carrageenan  9.5673563 1.720145 5.56 0.0001* 
BF*CMC  -5.929169 5.68315 -1.04 0.3174 
BF*Carrageenan  -4.550636 7.288122 -0.62 0.5441 
CMC*Carrageenan  -13.7495 6.155743 -2.23 0.0453* 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

BF    1 1 124.71649 36.8789 <.0001*  
CMC    1 1 84.75015 25.0608 0.0003*  
Carrageenan    1 1 104.61629 30.9352 0.0001*  
BF*CMC    1 1 3.68091 1.0885 0.3174  
BF*Carrageenan    1 1 1.31843 0.3899 0.5441  
CMC*Carrageenan    1 1 16.87170 4.9890 0.0453*  
 

Residual by Predicted Plot 

 
BF Leverage Plot 
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CMC Leverage Plot 

 
Carrageenan Leverage Plot 

 
BF*CMC Leverage Plot 
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BF*Carrageenan Leverage Plot 

 
CMC*Carrageenan Leverage Plot 

 
 

Response Surface 
Coef BF CMC Carrageenan E37C 

BF 0 -5.929169 -4.550636 7.7101676 
CMC . 0 -13.7495 5.2009181 
Carrageenan . . 0 9.5673563 
 

Solution 
Variable Critical Value 

BF -0.492651 
CMC 0.8804143 
Carrageenan 0.6122372 
 
Solution is a  
Minimum 
 
Assuming the following mixture sum: BF+CMC+Carrageenan=1 
 
Critical values outside data range 
 
Predicted Value at Solution 
3.1710011 
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Prediction Profiler 

 
 
 

Mixture Profiler 
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4.2.  Optimization of colorimetric film with Dendrobium orchid extract (using ∆
�,	 and film solubility as responses) 

 

Table A4.2: ∆
�,	 and film solubility of prepared colorimetric film with Dendrobium orchid extract 

Formula Code 
Banana 

Flour (g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

1 0.167, 

0.167, 

0.667 

0.50 0.50 2.00 1 24.65 17.32 2.72 22.39 13.91 -2.75 6.84 36.99 

2 22.66 17.11 -1.24 21.51 15.97 -4.24 3.41 23.93 

3 23.85 13.13 -0.59 21.61 15.26 -3.84 4.49 25.33 

2 0,1,0 0.00 3.00 0.00 1 28.14 21.47 -0.86 23.02 17.70 -2.12 6.49 18.91 

2 23.49 20.41 1.20 23.65 16.69 -6.37 8.45 30.22 

3 27.12 18.67 3.05 22.01 17.47 -3.67 8.53 19.89 

3 0.167, 

0.667, 

0.167 

0.50 2.00 0.50 1 25.93 18.41 -0.37 21.39 15.21 -3.87 6.57 23.36 

2 26.47 20.30 -0.03 25.21 15.00 -6.61 8.55 28.31 

3 26.26 18.90 4.13 24.21 15.05 -3.61 8.89 17.09 

4 0.333, 

0.333, 

0.333 

1.00 1.00 1.00 1 23.92 18.75 0.73 21.93 15.50 -3.85 5.96 21.24 

2 23.35 18.92 0.36 23.42 15.81 -3.79 5.18 25.54 

3 28.91 16.89 0.27 24.79 14.42 -4.36 6.68 26.40 

5 0.5,0.5,0 1.50 0.00 2.00 1 20.91 17.98 0.60 18.25 15.73 -4.10 5.85 20.19 

2 15.43 16.87 1.18 25.50 14.90 -5.66 12.33 30.83 

3 29.12 18.46 0.89 25.92 14.86 -5.28 7.83 23.84 

6 0.667, 2.00 0.50 0.50 1 21.15 18.70 -1.34 17.28 17.61 -5.23 5.59 26.32 
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Formula Code 
Banana 

Flour (g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

0.167, 

0.167 

2 23.90 22.22 -2.49 20.44 17.75 -3.51 5.75 23.88 

3 26.40 17.32 3.01 26.04 15.54 -2.32 5.64 31.37 

7 1,0,0 3.00 0.00 0.00 1 23.46 17.69 -0.21 20.93 17.00 -5.31 5.73 20.08 

2 29.52 14.39 1.01 26.32 14.22 -0.65 3.61 25.87 

3 22.78 15.28 1.15 21.55 13.18 -1.41 3.53 23.99 

8 0,0.5,0.5 0.00 1.50 1.50 1 20.41 20.85 0.06 20.35 19.67 -6.19 6.37 21.66 

2 33.49 15.64 2.75 29.43 11.28 -4.09 9.08 26.80 

3 26.96 18.54 4.35 24.79 15.82 -3.19 8.30 16.05 

9 0.5,0,0.5 1.50 0.00 1.50 1 25.53 18.27 0.39 25.14 15.23 -4.86 6.08 29.22 

2 27.95 16.78 4.88 23.83 15.06 -3.25 9.28 25.75 

3 25.63 20.61 3.64 19.70 18.67 -2.63 8.85 15.88 

10 0,0,1 0.00 0.00 3.00 1 23.15 17.94 1.84 20.31 16.87 -3.15 5.84 31.66 

2 34.55 19.38 -0.97 25.02 13.38 -4.15 11.70 21.61 

3 21.18 20.34 2.74 19.88 16.64 -2.65 6.66 25.27 
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Least Squares Fit 
Response Solubility 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.683078 
RSquare Adj 0.603847 
Root Mean Square Error 2.497771 
Mean of Response 24.51923 
Observations (or Sum Wgts) 26 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 5 268.93845 53.7877 8.6214 
Error 20 124.77720 6.2389 Prob > F 

C. Total 25 393.71566  0.0002* 
 
Tested against reduced model: Y=mean 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 4 69.63423 17.4086 5.0512 
Pure Error 16 55.14297 3.4464 Prob > F 

Total Error 20 124.77720  0.0080* 
    Max RSq 

    0.8599 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

BF  31.189582 1.392442 22.40 <.0001* 
CMC  23.08315 1.394184 16.56 <.0001* 
Carrageenan  17.481825 1.696735 10.30 <.0001* 
BF*CMC  -18.77518 7.103095 -2.64 0.0156* 
BF*Carrageenan  3.7520712 7.403333 0.51 0.6178 
CMC*Carrageenan  19.329844 6.80328 2.84 0.0101* 
 

Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

BF    1 1 3130.1873 501.7242 <.0001*  
CMC    1 1 1710.2328 274.1258 <.0001*  
Carrageenan    1 1 662.2938 106.1562 <.0001*  
BF*CMC    1 1 43.5891 6.9867 0.0156*  
BF*Carrageenan    1 1 1.6025 0.2569 0.6178  
CMC*Carrageenan    1 1 50.3646 8.0727 0.0101*  
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Residual by Predicted Plot 

 
 

BF Leverage Plot 

 
CMC Leverage Plot 

 
Carrageenan Leverage Plot 
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BF*CMC Leverage Plot 

 
BF*Carrageenan Leverage Plot 

 
CMC*Carrageenan Leverage Plot 

 
 

Response Surface 
Coef BF CMC Carrageenan Solubility 

BF 0 -18.77518 3.7520712 31.189582 
CMC . 0 19.329844 23.08315 
Carrageenan . . 0 17.481825 
 

Solution 
Variable Critical Value 

BF 0.2521052 
CMC 0.371932 
Carrageenan 0.3759627 
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Solution is a  
SaddlePoint 
 
Assuming the following mixture sum: BF+CMC+Carrageenan=1 
 
Predicted Value at Solution 
24.319032 
 
 
 
 
 

Response E37O 
Whole Model 
Actual by Predicted Plot 

 
 

Summary of Fit 
   

RSquare 0.542052 
RSquare Adj 0.427565 
Root Mean Square Error 1.528235 
Mean of Response 6.610769 
Observations (or Sum Wgts) 26 
 
 

Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 

Model 5 55.28855 11.0577 4.7346 
Error 20 46.71004 2.3355 Prob > F 

C. Total 25 101.99858  0.0051* 
 
Tested against reduced model: Y=mean 
 

Lack of Fit 
Source DF Sum of Squares Mean Square F Ratio 

Lack Of Fit 4 1.579204 0.39480 0.1400 
Pure Error 16 45.130833 2.82068 Prob > F 

Total Error 20 46.710037  0.9649 
    Max RSq 

    0.5575 
 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 

BF  8.8868546 0.851951 10.43 <.0001* 
CMC  5.9605833 0.853017 6.99 <.0001* 
Carrageenan  8.6770715 1.038129 8.36 <.0001* 
BF*CMC  -9.887477 4.345954 -2.28 0.0341* 
BF*Carrageenan  -0.755667 4.529651 -0.17 0.8692 
CMC*Carrageenan  -7.972272 4.162515 -1.92 0.0699 
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Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   

BF    1 1 254.12498 108.8096 <.0001*  
CMC    1 1 114.03617 48.8273 <.0001*  
Carrageenan    1 1 163.16370 69.8624 <.0001*  
BF*CMC    1 1 12.08874 5.1761 0.0341*  
BF*Carrageenan    1 1 0.06500 0.0278 0.8692  
CMC*Carrageenan    1 1 8.56708 3.6682 0.0699  
 

Residual by Predicted Plot 

 
BF Leverage Plot 

 
CMC Leverage Plot 
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Carrageenan Leverage Plot 

 
BF*CMC Leverage Plot 

 
BF*Carrageenan Leverage Plot 

 
CMC*Carrageenan Leverage Plot 
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Response Surface 
Coef BF CMC Carrageenan E37O 

BF 0 -9.887477 -0.755667 8.8868546 
CMC . 0 -7.972272 5.9605833 
Carrageenan . . 0 8.6770715 
 

Solution 
Variable Critical Value 

BF 0.9272574 
CMC 0.7378041 
Carrageenan -0.665062 
 
Solution is a  
Minimum 
 
Assuming the following mixture sum: BF+CMC+Carrageenan=1 
 
Critical values outside data range 
 
Predicted Value at Solution 
4.4808782 
 

Prediction Profiler 

 
 

Mixture Profiler 
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4.3.  Optimization of colorimetric film with butterfly pea extract (using ∆
�,	 and film solubility as responses) 

 

Table A4.3: ∆
�,	 and film solubility of prepared colorimetric film with butterfly pea extract 

Formula Code 
Pectin 

(g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

1 + + 0 4.00 2.00 1.00 1 27.37 19.14 -6.42 27.24 13.20 -9.51 6.70 98.76 

2 26.69 19.44 -7.49 25.82 13.10 -11.28 7.44 100.87 

3 29.44 18.38 -7.76 28.13 12.13 -11.05 7.18 102.30 

2 - - 0 1.00 0.00 1.00 1 34.82 15.08 -21.36 34.09 -1.70 -17.35 17.27 71.83 

2 29.81 15.12 -19.15 30.40 -0.27 -18.34 15.42 69.06 

3 32.14 17.86 -23.75 31.48 -0.38 -18.34 19.03 76.58 

3 0 - + 2.50 0.00 2.00 1 31.81 14.78 -15.13 30.99 7.04 -16.25 7.86 51.42 

2 30.21 16.24 -16.25 29.37 7.72 -16.87 8.58 52.25 

3 31.09 15.14 -15.46 30.14 8.14 -16.31 7.12 55.61 

4 0 0 0 2.50 1.00 1.00 1 32.57 18.19 -12.44 29.89 6.74 -15.38 12.12 98.59 

2 31.20 18.97 -13.31 26.30 10.82 -16.62 10.07 101.58 

3 32.58 18.64 -12.98 27.71 8.31 -15.82 11.76 103.65 

5 0 - - 2.50 0.00 0.00 1 28.10 14.65 -9.19 28.51 9.17 -10.33 5.61 58.34 

2 27.25 16.20 -10.44 27.18 10.60 -11.02 5.63 61.49 

3 29.48 14.17 -9.68 27.64 9.83 -11.01 4.91 65.36 

6 + 0 - 4.00 1.00 0.00 1 32.32 14.45 -14.76 31.80 6.90 -15.63 7.61 52.87 
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Formula Code 
Pectin 

(g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

2 29.73 16.43 -16.01 29.14 8.46 -16.82 8.03 52.99 

3 33.46 14.64 -15.61 29.99 7.16 -16.20 8.27 58.31 

7 - 0 + 1.00 1.00 2.00 1 31.81 13.53 -9.83 30.99 7.92 -10.88 5.77 58.93 

2 30.22 14.65 -11.53 31.32 8.10 -13.11 6.83 57.00 

3 31.21 14.29 -10.35 31.90 7.30 -11.45 7.11 60.80 

8 - 0 - 1.00 1.00 0.00 1 34.74 14.72 -20.78 34.50 -2.70 -17.04 17.82 61.06 

2 31.72 16.82 -22.33 31.39 -0.15 -19.00 17.30 51.48 

3 34.92 15.55 -21.51 35.24 -3.57 -17.13 19.62 58.76 

9 0 + + 2.50 2.00 2.00 1 33.12 15.69 -22.68 34.34 -2.12 -17.72 18.52 75.48 

2 35.72 12.81 -20.03 34.99 -2.01 -16.79 15.19 67.96 

3 32.97 15.14 -21.53 33.40 -0.36 -17.45 16.03 73.42 

10 0 + - 2.50 2.00 0.00 1 33.55 12.69 -16.21 33.46 4.14 -16.29 8.55 48.31 

2 33.16 12.37 -14.53 36.83 2.72 -13.61 10.37 45.53 

3 33.00 12.29 -14.36 31.89 5.54 -14.50 6.84 51.16 

11 + - 0 4.00 0.00 1.00 1 29.40 23.88 -23.67 28.25 0.83 -20.19 23.34 101.78 

2 29.97 22.33 -21.87 30.78 -1.58 -18.67 24.13 102.41 

3 27.69 24.18 -21.92 27.93 1.26 -19.05 23.10 101.01 

12 + 0 + 4.00 1.00 2.00 1 29.81 16.51 -17.16 28.08 8.06 -17.26 8.62 56.47 

2 32.24 14.31 -14.86 33.31 4.71 -15.37 9.67 53.66 
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Formula Code 
Pectin 

(g) 

CMC 

(g) 

Carrageenan 

(g) 
 

pH = 3 pH = 7 
∆
�,	 

Solubility 

(%) L* a* b* L* a* b* 

3 30.98 15.49 -15.57 31.61 6.24 -15.56 9.27 58.91 

13 0 0 0 2.50 1.00 1.00 1 31.52 13.28 -12.45 28.79 8.49 -12.95 5.53 53.26 

2 33.79 9.29 -10.40 32.75 6.48 -11.21 3.11 52.08 

3 32.54 11.99 -10.86 33.32 6.09 -10.97 5.96 55.98 

14 0 0 0 2.50 1.00 1.00 1 30.22 15.43 -17.81 29.98 7.35 -17.02 8.11 63.20 

2 34.02 11.67 -14.63 30.83 6.08 -14.58 6.44 60.68 

3 35.11 12.00 -14.70 34.98 3.63 -13.58 8.44 65.42 

15 - + 0 1.00 2.00 1.00 1 29.51 19.62 -14.58 28.94 8.99 -19.33 11.67 100.74 

2 32.88 18.00 -13.68 31.68 6.47 -10.36 12.05 100.89 

3 28.16 19.87 -12.89 27.38 11.21 -16.39 9.37 100.61 
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Appendix 5 – Properties of developed colorimetric layers 

 

Table A5.1: Properties of developed colorimetric layer with red cabbage, Dendrobium orchid, and butterfly pea extracts 

Properties* 
 Base film Indicator type 

For cabbage/orchid For butterfly pea Red cabbage Dendrobium orchid Butterfly pea 

Thickness (mm) 1 0.59 0.615 0.67 0.65 0.62 

2 0.63 0.505 0.58 0.51 0.47 

3 0.52 0.575 0.54 0.70 0.58 

Ave. ± S.D. 0.58±0.06 0.57±0.06 0.59±0.07 0.62±0.10 0.55±0.08 

aw 1 0.42 0.38 0.44 0.42 0.46 

2 0.38 0.41 0.42 0.41 0.38 

3 0.39 0.44 0.36 0.41 0.40 

Ave. ± S.D. 0.40±0.02 0.41±0.03 0.41±0.04 0.41±0.01 0.41±0.04 

Moisture content 

(%) 

1 10.55 10.52 11.13 12.03 10.75 

2 9.95 10.26 10.57 11.25 9.59 

3 9.36 9.33 9.57 9.38 10.05 

Ave. ± S.D. 9.95±0.60 10.03±0.62 10.42±0.79 10.89±1.36 10.13±0.58 

Solubility (%) 1 16.61 19.05 21.53 17.90 16.50 

2 15.25 16.56 18.14 16.81 14.69 

3 13.55 15.30 16.30 16.45 12.43 

Ave. ± S.D. 15.14±1.53 16.97±1.91 18.66±2.65 17.05±0.76 14.54±2.04 
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Properties* 
 Base film Indicator type 

For cabbage/orchid For butterfly pea Red cabbage Dendrobium orchid Butterfly pea 

Volume swelling 

ratio 

1 1.08 2.10 1.72 1.33 2.02 

2 1.86 1.52 1.62 1.75 1.57 

3 1.44 1.15 1.31 0.94 1.40 

Ave. ± S.D. 1.46±0.39 1.59±0.48 1.55±0.21 1.34±0.41 1.66±0.32 

Tensile strength 

(MPa) 

1 0.50 0.49 0.39 0.31 0.43 

2 0.52 0.36 0.27 0.39 0.43 

3 0.33 0.36 0.39 0.23 0.28 

4 0.30 0.46 0.23 0.28 0.40 

5 0.40 0.38 0.42 0.38 0.38 

6 0.52 0.46 0.48 0.41 0.36 

7 0.41 0.37 0.25 0.36 0.26 

8 0.52 0.35 0.44 0.32 0.37 

9 0.45 0.49 0.50 0.36 0.29 

10 0.51 0.33 0.47 0.27 0.25 

11 0.32 0.29 0.25 0.26 0.37 

12 0.45 0.50 0.36 0.37 0.48 

Ave. ± S.D. 0.43±0.08 0.40±0.07 0.37±0.10 0.33±0.06 0.36±0.07 

Elongation (%) 1 97.37 94.75 88.83 84.22 98.93 

2 98.37 85.71 83.02 90.46 99.23 
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Properties* 
 Base film Indicator type 

For cabbage/orchid For butterfly pea Red cabbage Dendrobium orchid Butterfly pea 

3 83.49 87.37 85.28 82.99 86.77 

4 85.35 97.44 82.42 84.88 96.57 

5 89.47 89.07 89.37 92.89 97.37 

6 97.24 98.40 93.05 91.59 98.96 

7 91.96 87.27 82.89 90.20 86.18 

8 95.18 87.67 87.80 85.35 97.64 

9 95.38 99.20 93.09 91.06 89.47 

10 98.30 87.07 92.82 83.69 87.11 

11 85.78 84.88 83.39 84.02 95.91 

12 95.84 94.85 87.94 85.45 103.85 

Ave. ± S.D. 92.81±5.45 91.14±5.35 87.49±4.10 87.23±3.66 94.83±5.89 

Tg (ºC) 

1 77.54 78.06 79.48 78.28 79.51 

2 81.02 76.06 77.52 76.75 72.01 

3 75.13 72.05 74.13 71.80 73.07 

Ave. ± S.D. 77.90±2.96 75.39±3.06 77.04±2.71 75.61±3.39 74.89±4.06 

Decomposition 

temperature (ºC) 

1 203.64 202.09 194.88 207.48 204.11 

2 199.07 195.04 201.62 204.56 193.11 

3 198.34 199.01 200.56 194.13 199.09 

Ave. ± S.D. 200.35±2.87 198.71±3.53 199.02±3.62 202.06±7.02 198.77±5.51 
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Appendix 6 – pH sensitivity of developed colorimetric layers 

 

6.1.  Color change in response to pH of colorimetric film with red cabbage extract 

 

Table A6.1: Color change in response to pH at pH = 2 to 7 of colorimetric film with red cabbage 

extract 

pH  L* a* b* 

2 1 37.39 53.38 33.50 

2 35.44 54.87 32.04 

3 37.33 55.44 32.60 

Ave. ± S.D. 36.72±1.11 54.56±1.07 32.72±0.74 

3 1 34.29 51.93 21.07 

2 36.35 53.27 20.51 

3 35.77 52.53 20.81 

Ave. ± S.D. 35.47±1.06 52.58±0.67 20.80±0.28 

4 1 34.94 39.99 10.31 

2 34.73 39.90 9.82 

3 33.65 39.66 10.72 

Ave. ± S.D. 34.44±0.69 39.85±0.17 10.28±0.45 

5 1 36.29 35.70 -0.81 

2 34.71 35.26 -0.34 

3 34.63 36.02 0.43 

Ave. ± S.D. 35.21±0.94 35.66±0.38 -0.24±0.63 

6 1 29.41 38.55 10.19 

2 29.10 39.33 11.05 

3 30.93 39.34 10.14 

Ave. ± S.D. 29.81±0.98 39.07±0.45 10.46±0.51 

7 1 36.76 25.86 -4.17 

2 37.11 25.62 -3.43 

3 37.29 25.35 -3.63 

Ave. ± S.D. 37.05±0.27 25.61±0.25 -3.74±0.39 
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6.2.  Color change in response to pH of colorimetric film with Dendrobium orchid extract 

 

Table A6.2: Color change in response to pH at pH = 2 to 7 of colorimetric film with Dendrobium 

orchid extract 

pH  L* a* b* 

2 1 44.52 65.41 45.44 

2 44.12 65.22 45.44 

3 42.74 64.27 45.75 

Ave. ± S.D. 43.79±0.93 64.97±0.61 45.55±0.18 

3 1 42.98 63.79 30.94 

2 41.83 62.85 32.48 

3 41.64 61.92 31.76 

Ave. ± S.D. 42.15±0.72 62.85±0.93 31.73±0.77 

4 1 36.17 57.95 26.11 

2 36.64 58.19 24.79 

3 36.15 57.30 25.62 

Ave. ± S.D. 36.32±0.28 57.81±0.46 25.51±0.67 

5 1 29.97 47.30 11.68 

2 31.71 52.00 21.09 

3 32.81 53.88 22.30 

Ave. ± S.D. 31.50±1.43 51.06±3.39 18.35±5.81 

6 1 32.46 50.80 5.57 

2 32.19 48.44 3.91 

3 32.30 49.40 4.06 

Ave. ± S.D. 32.32±0.14 49.55±1.19 4.51±0.92 

7 1 20.02 34.12 -6.76 

2 20.31 33.59 -7.53 

3 19.13 33.59 -7.79 

Ave. ± S.D. 19.82±0.61 33.77±0.31 -7.36±0.54 
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6.3.  Color change in response to pH of colorimetric film with butterfly pea extract 

 

Table A6.3: Color change in response to pH at pH = 2 to 7 of colorimetric film with butterfly pea 

extract 

pH  L* a* b* 

2 1 32.74 20.62 -5.11 

2 31.42 20.33 -4.74 

3 33.58 21.99 -5.13 

Ave. ± S.D. 32.58±1.09 20.98±0.89 -5.00±0.22 

3 1 32.92 14.79 -14.55 

2 33.78 15.96 -15.56 

3 33.54 15.99 -14.65 

Ave. ± S.D. 33.41±0.45 15.58±0.68 -14.92±0.56 

4 1 35.29 11.66 -16.68 

2 34.72 11.72 -16.85 

3 35.39 11.68 -17.11 

Ave. ± S.D. 35.13±0.36 11.69±0.03 -16.88±0.22 

5 1 25.91 8.46 -15.36 

2 27.06 7.97 -15.81 

3 28.33 8.10 -15.37 

Ave. ± S.D. 27.10±1.21 8.18±0.26 -15.51±0.26 

6 1 33.62 8.38 -15.41 

2 32.79 7.60 -14.77 

3 33.18 8.32 -15.29 

Ave. ± S.D. 33.20±0.41 8.10±0.44 -15.16±0.34 

7 1 36.00 -4.91 -16.87 

2 36.31 -4.96 -16.45 

3 33.72 -4.86 -17.13 

Ave. ± S.D. 35.34±1.42 -4.91±0.05 -16.82±0.34 
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6.4. Sensory evaluation (Difference test – Two out of five) 

 

6.4.1. Ballot 

 

แบบสอบถามการแยกแยะความแตกต่างของผู้บริโภคต่อฟิล์มเปล่ียนสีได้  
วันที่        /       /       ใ 
ชุดที่                         . 

 
ส่วนที่ 1: ข้อมูลทั่วไปของผู้ตอบแบบสอบถาม 

คําแนะนํา: โปรดทําเคร่ืองหมาย  ลงใน  หน้าคําตอบที่ท่านเห็นว่าเหมาะสมและตรงตามความคิดเห็นของท่านมากที่สุด  

1. เพศ  ชาย    หญิง         

2. อายุ  15-19 ปี           20-24 ปี             25-29 ปี             30 ปีข้ึนไป 
3. ระดับการศึกษา 

  ประถมศึกษา        มัธยมศึกษา   ปริญญาตรี       สูงกว่าปริญญาตรี 
4. รายได้เฉลี่ยต่อเดือน 

   น้อยกว่า 10,000 บาท     10,000-15,000 บาท  

   15,001-25,000 บาท    มากกว่า 25,000 บาท ข้ึนไป 
 
ส่วนที่ 2: ข้อมูลพฤติกรรมการบริโภคที่เก่ียวข้องกับความเป็นกรด-ด่างของอาหาร 

5. โปรดทําเคร่ืองหมาย  ลงใน  หน้าผลิตภัณฑ์อาหารที่ท่านคิดว่า ระดับความเปร้ียวมีผลเป็นอย่างมากต่อการ
ตัดสินใจซ้ือผลิตภัณฑ์ (ตอบได้มากกว่า 1 ข้อ) 

  แหนม     ปลาส้ม    โยเกิร์ต 

  กิมจิ     ลูกอมรสเปร้ียว เช่น รสมะนาว รสส้ม เป็นต้น  

  เคร่ืองด่ืมรสเปร้ียว เช่น น้ํามะนาว เคร่ืองด่ืมผสมวิตามินซี เป็นต้น 

  อ่ืน ๆ ระบุ        
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ส่วนที่ 3: ข้อมูลเก่ียวกับการแยกแยะความแตกต่างของผูบ้ริโภคต่อฟิล์มเปลี่ยนสีได้ 
วันที่        /       /       ใ 
ชุดที่                         . 

 
ผลิตภัณฑ์:  ฟิล์มเปลี่ยนสีได้ (ส่วนประกอบ: สารสกัดจากกล้วยไม้หวาย กะหล่ําม่วงหรือดอกอัญชัน เพคติน คาร์บอกซีเมททิล

เซลลูโลส คาราจีแนน และเซลลูโลสผง) 
 

คําแนะนํา:  พิจารณาตัวอย่างที่ได้รับด้วยสายตา ตามลําดับจาก ซ้าย ไป ขวา ในแต่ละชุดมี ตัวอย่าง 2 กลุ่ม กลุ่มแรกมี 2 
ตัวอย่าง กลุ่มที่สองมี 3 ตัวอย่าง กรุณาวงกลมล้อมรอบรหัสตัวอย่าง 2 ตัวอย่างที่เหมือนกัน (กลุ่มแรก)  

 
ชุดที ่ ตัวอย่าง 

1 
     

               .                .                .                .                . 

2 
     

               .                .                .                .                . 

3 
     

               .                .                .                .                . 

4 
     

               .                .                .                .                . 

5 
     

               .                .                .                .                . 

6 
     

               .                .                .                .                . 

7 
     

               .                .                .                .                . 

8 
     

               .                .                .                .                . 

9 
     

               .                .                .                .                . 

10 
     

               .                .                .                .                . 
 

ข้อเสนอแนะ:             
             
              
 

   ขอบคุณที่ให้ความร่วมมือ 
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6.4.2. Examples of colorimetric film at different pH values and their corresponding 

3-digit codes for sensory evaluation (Actual pH values displayed here were not 

shown to the panelists) 

­ Colorimetric film with red cabbage extract 

 

 

#1 

     
 3-digit code 785 318 934 159 451 

 (Actual pH 5 4 4 4 5) 

       

 

#2 

     
 3-digit code 958 746 172 853 516 

 (Actual pH 6 4 6 4 6) 

       

 

#3 

     
 3-digit code 713 497 502 391 365 

 (Actual pH 5 7 5 7 7) 

 

­ Colorimetric film with Dendrobium orchid extract 

 

 

#1 

     
 3-digit code 536 293 105 927 862 

 (Actual pH 4 4 3 4 3) 

       

 

#2 

     
 3-digit code 486 251 375 421 592 

 (Actual pH 5 4 4 5 5) 
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­ Colorimetric film with butterfly pea extract extract 

 

 

#1 

     
 3-digit code 307 318 934 451 159 

 (Actual pH 2 2 3 2 3) 

       

 

#2 

     
 3-digit code 625 549 724 142 219 

 (Actual pH 6 5 6 5 6) 

       

 

#3 

     
 3-digit code 406 157 619 529 790 

 (Actual pH 4 4 6 6 4) 

       

 

#4 

     
 3-digit code 168 759 946 490 326 

 (Actual pH 4 5 4 5 5) 

       

 

#5 

     
 3-digit code 927 293 185 536 862 

 (Actual pH 4 3 3 3 4) 

       

 

#6 

     
 3-digit code 486 592 375 961 251 

 (Actual pH 3 6 6 3 6) 
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Table A6.4: Answers of ‘Two out of five’ sensory test on colorimetric layer with red cabbage, from 

50 panelists 

Panelist #1 #2 #3 

1 785 451 746 853 713 502 

2 785 451 746 853 713 502 

3 785 451 746 853 713 502 

4 785 451 746 853 713 502 

5 785 451 746 853 713 502 

6 785 451 746 853 713 502 

7 785 451 172 516 713 502 

8 785 451 746 853 713 502 

9 318 159 746 853 713 502 

10 785 451 746 853 713 502 

11 785 451 746 853 497 391 

12 785 451 746 853 713 502 

13 785 451 746 853 713 502 

14 785 451 746 853 713 502 

15 785 451 746 853 713 502 

16 785 451 746 853 713 502 

17 785 451 746 853 713 502 

18 318 934 958 516 497 391 

19 785 451 746 853 713 502 

20 785 451 958 516 713 502 

21 785 451 746 853 713 502 

22 318 159 958 516 497 365 

23 318 159 958 516 497 365 

24 785 451 958 516 497 391 

25 785 451 958 516 497 391 

26 318 159 746 853 713 365 

27 318 934 172 853 713 391 

28 318 159 958 516 497 365 

29 785 451 958 853 497 391 

30 785 451 172 516 497 391 
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Panelist #1 #2 #3 

31 785 451 172 516 497 391 

32 159 451 958 516 713 502 

33 318 451 958 516 497 391 

34 785 451 746 853 713 502 

35 785 451 958 516 497 391 

36 159 451 172 516 391 365 

37 785 451 958 516 497 391 

38 318 159 746 853 713 365 

39 785 451 958 516 713 502 

40 785 318 958 516 497 391 

41 785 451 746 853 713 502 

42 785 451 746 853 713 502 

43 758 451 746 853 713 502 

44 785 451 746 853 713 502 

45 785 451 746 853 713 502 

46 785 451 746 853 713 502 

47 785 451 746 853 713 391 

48 785 451 746 853 713 502 

49 785 451 746 853 713 502 

50 785 451 746 853 713 502 

       

Correct Answer  38  30  30 

%  76.00  60.00  60.00 
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Table A6.5: Answers of ‘Two out of five’ sensory test on colorimetric layer with Dendrobium 

orchid, from 50 panelists 

Panelist #1 #2 

1 105 862 251 375 

2 105 862 486 592 

3 105 862 251 375 

4 105 862 251 375 

5 105 862 251 375 

6 105 862 486 592 

7 105 862 251 375 

8 105 862 486 592 

9 105 862 486 592 

10 105 862 251 375 

11 105 862 486 592 

12 105 862 421 592 

13 105 862 251 375 

14 105 862 251 375 

15 105 862 251 375 

16 105 862 251 375 

17 105 862 251 375 

18 105 862 251 375 

19 105 862 251 375 

20 536 293 486 592 

21 105 862 251 375 

22 536 927 486 592 

23 105 862 251 375 

24 105 862 486 592 

25 105 862 486 592 

26 536 293 486 592 

27 105 862 486 592 

28 105 862 486 592 

29 536 927 486 421 

30 536 927 486 421 
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Panelist #1 #2 

31 536 927 486 592 

32 536 927 486 592 

33 536 293 486 592 

34 105 862 421 592 

35 536 293 421 592 

36 105 862 251 375 

37 536 293 486 592 

38 293 927 421 592 

39 105 862 486 592 

40 105 862 251 375 

41 105 862 251 375 

42 105 862 251 375 

43 105 862 251 375 

44 105 862 251 375 

45 105 862 251 375 

46 105 862 251 375 

47 105 862 251 375 

48 105 862 251 375 

49 105 862 251 375 

50 105 862 251 375 

     

Correct Answer  39  27 

%  78.00  54.00 
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Table A6.6: Answers of ‘Two out of five’ sensory test on colorimetric layer with butterfly pea, from 50 panelists 

Panelist #1 #2 #3 #4 #5 #6 

1 934 159 549 142 619 529 168 946 927 862 486 961 

2 934 159 549 142 619 529 168 946 927 862 486 961 

3 934 159 549 142 619 529 168 946 927 862 486 961 

4 934 159 549 142 619 529 168 946 927 862 486 961 

5 934 159 625 724 619 529 168 946 927 862 486 961 

6 318 451 549 142 619 529 168 946 927 862 486 961 

7 934 159 549 142 619 529 168 946 927 862 486 961 

8 934 159 549 142 619 529 168 946 927 862 486 961 

9 934 159 549 142 619 529 168 946 927 862 486 961 

10 934 159 549 142 406 790 759 326 293 185 486 961 

11 318 451 549 142 157 790 168 946 185 536 486 961 

12 934 159 625 724 619 529 168 946 927 862 486 961 

13 934 159 625 724 406 157 168 946 927 862 486 961 

14 934 159 625 724 406 157 168 946 927 862 486 961 

15 318 451 549 142 619 529 168 946 927 862 486 961 

16 934 159 625 549 406 157 168 946 927 862 486 961 

17 934 159 625 724 406 157 168 946 927 862 486 961 

18 318 451 549 142 406 790 759 326 927 185 486 961 

19 934 159 625 724 619 529 168 946 293 536 486 961 



 

 Page A82 of A102 

Panelist #1 #2 #3 #4 #5 #6 

20 934 159 549 142 619 529 168 946 927 862 486 961 

21 934 159 549 142 406 790 168 946 293 536 486 961 

22 934 159 625 724 619 529 168 946 927 862 486 961 

23 934 159 625 219 406 157 168 946 185 536 486 961 

24 934 159 549 142 406 790 759 326 293 185 375 251 

25 934 159 625 219 406 157 168 946 185 536 486 961 

26 934 159 625 219 406 157 168 946 185 536 486 961 

27 934 159 625 219 406 157 168 326 293 862 486 961 

28 934 159 625 142 406 157 168 946 293 536 486 961 

29 934 159 549 142 157 790 168 759 293 185 486 961 

30 318 451 549 142 406 790 759 326 185 536 375 251 

31 934 159 625 549 157 790 759 326 293 536 486 961 

32 934 159 724 219 619 529 168 946 927 862 486 961 

33 934 159 625 219 406 790 168 759 293 862 486 961 

34 934 159 549 142 406 157 168 946 927 862 375 251 

35 307 318 625 219 406 790 759 326 927 862 592 251 

36 934 159 625 549 529 790 759 326 293 185 486 961 

37 318 451 625 549 406 790 168 946 927 862 486 961 

38 934 159 549 142 157 790 168 946 293 185 486 961 

39 934 159 625 549 406 157 759 326 293 185 486 961 
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Panelist #1 #2 #3 #4 #5 #6 

40 934 159 549 142 619 529 168 946 927 862 486 961 

41 934 159 625 724 619 529 168 946 927 862 486 961 

42 934 159 549 142 619 529 168 946 927 862 486 961 

43 934 159 549 142 619 529 168 946 927 862 486 961 

44 934 159 724 219 619 529 168 946 927 862 486 961 

45 934 159 625 724 619 529 168 946 927 862 486 961 

46 934 159 625 724 619 529 168 946 927 862 486 961 

47 934 159 625 724 619 529 168 946 927 862 486 961 

48 934 159 549 142 619 529 168 946 927 862 486 961 

49 934 159 625 724 619 529 168 946 927 862 486 961 

50 934 159 549 142 619 529 168 946 927 862 486 961 

             

Correct Answer  43  25  26  39  32  46 

%  86.00  50.00  52.00  78.00  64.00  92.00 
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Appendix 7 – Performance of pH indicator  

 

Table 7.1: pH value and total plate count of fermented fish, and color value of pH indicator, 

during storage  

Sample Properties  Day 0 Day 3 Day 5 

Fermented 

fish 

pH 1 6.63 4.69 4.03 

2 6.32 4.72 3.51 

3 6.92 4.24 3.5 

Ave. ± S.D. 6.62±0.30 4.55±0.27 3.68±0.30 

TPC 

(log CFU/g) 

1 4.53 7.21 8.57 

2 4.73 7.47 8.89 

3 4.80 7.42 9.03 

Ave. ± S.D. 4.69±0.14 7.37±0.14 8.83±0.23 

Indicator with 

red cabbage 

extract 

L* 1 25.94 28.64 37.12 

2 30.30 32.03 36.35 

3 26.78 39.81 36.70 

Ave. ± S.D. 27.67±2.31 33.49±5.73 36.72±0.39 

a* 1 32.06 37.75 43.88 

2 34.43 37.29 40.62 

3 26.10 30.46 42.38 

Ave. ± S.D. 30.86±4.29 35.17±4.08 42.29±1.63 

b* 1 12.45 9.18 17.65 

2 10.48 8.44 17.66 

3 8.37 13.80 18.96 

Ave. ± S.D. 10.43±2.04 10.47±2.90 18.09±0.75 

Indicator with 

Dendrobium 

orchid extract 

L* 1 44.01 46.32 44.61 

2 38.25 37.66 45.34 

3 56.14 42.17 41.90 

Ave. ± S.D. 46.13±9.13 42.05±4.33 43.95±1.81 

a* 1 44.83 43.19 46.39 

2 40.47 48.35 47.16 

3 31.99 45.68 47.85 

Ave. ± S.D. 39.10±6.53 45.74±2.58 47.13±0.73 

b* 1 -9.42 5.02 20.26 
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Sample Properties  Day 0 Day 3 Day 5 

2 -7.95 11.85 20.77 

3 -7.24 7.40 22.64 

Ave. ± S.D. -8.20±1.11 8.09±3.47 21.22±1.25 

Indicator with 

butterfly pea 

extract 

L* 1 20.56 33.34 33.80 

2 21.57 26.78 25.78 

3 34.48 23.93 30.08 

Ave. ± S.D. 25.54±7.76 28.02±4.83 29.89±4.01 

a* 1 4.06 7.40 14.85 

2 4.38 8.11 14.65 

3 4.30 11.94 12.36 

Ave. ± S.D. 4.25±0.17 9.15±2.44 13.95±1.38 

b* 1 -10.97 -12.55 -10.13 

2 -12.06 -13.24 -9.12 

3 -12.98 -16.36 -10.11 

Ave. ± S.D. -12.00±1.01 -14.05±2.03 -9.79±0.58 
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Table 7.2: pH value and total plate count of egg tofu, and color value of pH indicator, 

during storage  

Sample Properties  Day 1 Day 7 

Egg tofu pH 1 7.59 6.22 

2 7.64 5.72 

3 7.23 6.63 

Ave. ± S.D. 7.49±0.22 6.19±0.46 

TPC 

(log CFU/g) 

1 0.00 3.71 

2 0.00 3.83 

3 1.48 3.95 

Ave. ± S.D. 0.49±0.85 3.83±0.12 

Indicator with red 

cabbage extract 

L* 1 29.75 48.09 

2 42.98 40.49 

3 50.68 41.66 

Ave. ± S.D. 41.14±10.59 43.41±4.09 

a* 1 11.33 32.65 

2 9.25 34.94 

3 8.46 40.23 

Ave. ± S.D. 9.68±1.48 35.94±3.89 

b* 1 -4.46 21.44 

2 0.54 25.71 

3 2.12 25.76 

Ave. ± S.D. -0.60±3.43 24.30±2.48 

Indicator with 

Dendrobium orchid 

extract 

L* 1 21.85 28.54 

2 33.10 29.22 

3 23.64 33.59 

Ave. ± S.D. 26.20±6.05 30.45±2.74 

a* 1 32.55 43.20 

2 33.24 43.65 

3 33.43 45.36 

Ave. ± S.D. 33.07±0.46 44.07±1.14 

b* 1 -19.50 9.49 

2 -20.67 9.10 

3 -19.58 9.75 
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Sample Properties  Day 1 Day 7 

Ave. ± S.D. -19.92±0.65 9.45±0.33 

Indicator with 

butterfly pea extract 

L* 1 34.64 21.07 

2 27.96 39.48 

3 30.53 22.14 

Ave. ± S.D. 31.04±3.37 27.56±10.33 

a* 1 -2.24 4.65 

2 2.78 5.55 

3 1.30 5.82 

Ave. ± S.D. 0.61±2.58 5.34±0.61 

b* 1 2.53 -3.45 

2 -5.22 0.03 

3 -5.92 -4.04 

Ave. ± S.D. -2.87±4.69 -2.49±2.20 
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Table 7.3: pH value and total plate count of fermented mushroom, and color value of pH 

indicator, during storage  

Sample Properties  Day 0 Day 3 Day 9 

Fermented 

mushroom 

pH 1 7.27 4.50 4.34 

2 7.02 4.48 4.23 

3 7.04 4.35 4.15 

Ave. ± S.D. 7.11±0.14 4.44±0.08 4.24±0.10 

TPC 

(log CFU/g) 

1 4.41 7.41 10.67 

2 4.59 7.51 10.79 

3 4.88 7.60 10.79 

Ave. ± S.D. 4.63±0.23 7.51±0.10 10.75±0.07 

Indicator with 

red cabbage 

extract 

L* 1 28.84 22.65 39.51 

2 30.22 31.14 29.62 

3 29.70 33.82 34.88 

Ave. ± S.D. 29.59±0.70 29.20±5.83 34.67±4.95 

a* 1 26.37 25.24 63.07 

2 24.15 53.78 27.01 

3 26.89 19.41 68.64 

Ave. ± S.D. 25.80±1.46 32.81±18.39 52.91±22.60 

b* 1 12.86 17.32 47.23 

2 16.46 38.25 9.75 

3 16.03 11.50 56.40 

Ave. ± S.D. 15.12±1.97 22.36±14.07 37.79±24.72 

Indicator with 

Dendrobium 

orchid extract 

L* 1 29.68 22.16 29.27 

2 21.24 35.30 36.95 

3 23.20 41.53 28.32 

Ave. ± S.D. 24.71±4.42 33.00±9.89 31.51±4.73 

a* 1 23.03 33.45 28.42 

2 23.05 46.00 60.45 

3 24.75 35.69 27.08 

Ave. ± S.D. 23.61±0.99 38.38±6.69 38.65±18.89 

b* 1 -2.94 -1.34 3.48 

2 0.86 4.10 21.70 

3 -3.29 -2.72 2.79 
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Ave. ± S.D. -1.79±2.30 0.01±3.61 9.32±10.72 

Indicator with 

butterfly pea 

extract 

L* 1 39.27 35.86 44.20 

2 30.87 37.94 34.59 

3 39.34 24.09 33.18 

Ave. ± S.D. 36.49±4.87 32.63±7.47 37.32±6.00 

a* 1 -2.61 6.55 9.15 

2 2.04 7.40 8.02 

3 -1.06 7.28 10.42 

Ave. ± S.D. -0.54±2.37 7.08±046 9.20±1.20 

b* 1 -2.08 -6.30 -8.41 

2 -7.15 -6.61 -9.44 

3 -5.48 -7.73 -5.12 

Ave. ± S.D. -4.90±2.58 -6.88±0.75 -7.66±2.26 
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Table 7.4: pH value of fruit and color value of pH indicator  

Sample Properties  Lemon Yellow kiwi 

 pH 1 2.35 3.03 

  2 2.23 3.67 

  3 2.51 3.11 

  Ave. ± S.D. 2.36±0.14 3.27±0.35 

Indicator with red 

cabbage extract 

L* 1 27.61 41.34 

2 41.28 20.74 

3 43.14 43.90 

Ave. ± S.D. 37.34±8.48 35.33±12.70 

a* 1 43.77 43.25 

2 56.05 36.98 

3 58.60 40.42 

Ave. ± S.D. 52.81±7.93 40.22±3.14 

b* 1 26.34 33.60 

2 34.93 29.34 

3 38.11 30.70 

Ave. ± S.D. 33.13±6.09 31.21±2.18 

Indicator with 

Dendrobium orchid 

extract 

L* 1 37.38 38.02 

2 37.65 36.69 

3 40.20 39.58 

Ave. ± S.D. 38.41±1.56 38.10±1.45 

a* 1 50.71 60.27 

2 49.04 55.40 

3 49.52 56.89 

Ave. ± S.D. 49.76±0.86 57.52±2.50 

b* 1 45.26 38.03 

2 45.14 32.75 

3 45.75 30.64 

Ave. ± S.D. 45.38±0.32 33.81±3.81 

Indicator with 

butterfly pea extract 

L* 1 31.50 36.73 

2 54.00 31.68 

3 33.57 36.25 

Ave. ± S.D. 39.69±12.44 34.89±2.79 
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Sample Properties  Lemon Yellow kiwi 

a* 1 15.78 3.07 

2 21.06 8.64 

3 20.45 8.29 

Ave. ± S.D. 19.10±2.89 6.67±3.12 

b* 1 0.22 -9.81 

2 3.23 -9.29 

3 2.08 -9.14 

Ave. ± S.D. 1.84±1.52 -9.41±0.35 
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Table 7.5: pH value and total plate count of whole coconut fruit, and color value of pH 

indicator, during storage  

Sample Properties  Day 1 Day 3 Day 5 

Coconut fruit pH 1 6.45 5.57 4.57 

2 6.54 5.80 4.75 

3 6.04 5.96 4.82 

Ave. ± S.D. 6.34±0.27 5.78±0.20 4.71±0.13 

TPC 

(log CFU/g) 

1 2.18 2.18 5.30 

2 1.78 3.60 6.79 

3 1.00 3.96 6.93 

Ave. ± S.D. 1.65±0.60 3.25±0.95 6.34±0.90 

Indicator with 

red cabbage 

extract 

L* 1 30.16 43.20 48.92 

2 41.48 49.67 55.06 

3 43.05 38.96 47.38 

Ave. ± S.D. 38.23±7.03 43.94±5.39 50.45±4.06 

a* 1 19.76 31.51 10.57 

2 18.60 26.60 4.16 

3 19.34 30.74 11.33 

Ave. ± S.D. 19.23±0.59 29.62±2.64 8.69±3.94 

b* 1 2.39 11.63 11.08 

2 3.54 10.22 4.91 

3 2.80 13.37 11.74 

Ave. ± S.D. 2.91±0.58 11.74±1.58 9.24±3.77 

Indicator with 

Dendrobium 

orchid extract 

L* 1 27.53 42.32 41.11 

2 30.87 48.06 37.05 

3 39.96 41.75 49.72 

Ave. ± S.D. 32.79±6.43 44.04±3.49 42.63±6.47 

a* 1 34.08 25.78 21.90 

2 31.02 19.50 24.77 

3 23.31 26.43 16.85 

Ave. ± S.D. 29.47±5.55 23.90±3.83 21.17±4.01 

b* 1 7.27 8.14 7.49 

2 7.34 9.03 7.03 

3 6.50 8.68 5.34 
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Sample Properties  Day 1 Day 3 Day 5 

Ave. ± S.D. 7.04±0.47 8.62±0.45 6.62±1.13 

Indicator with 

butterfly pea 

extract 

L* 1 28.90 30.66 33.18 

2 22.18 31.04 40.61 

3 27.32 42.27 36.48 

Ave. ± S.D. 26.13±3.51 34.66±6.60 36.76±3.72 

a* 1 0.05 3.18 5.34 

2 5.40 3.94 4.78 

3 2.08 1.06 5.69 

Ave. ± S.D. 2.51±2.70 2.73±1.49 5.27±0.46 

b* 1 -5.46 -1.24 -1.82 

2 -4.35 0.23 1.66 

3 -3.98 3.95 1.43 

Ave. ± S.D. -4.60±0.77 0.98±2.68 0.42±1.95 
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Table 7.6: pH value and total plate count of sweet orange, and color value of pH indicator, 

during storage  

Sample Properties  Day 1 Day 3 Day 5 

Sweet orange pH 1 5.48 5.40 4.56 

2 5.06 5.08 4.87 

3 5.86 5.71 4.67 

Ave. ± S.D. 5.47±0.40 5.40±0.32 4.70±0.16 

TPC 

(log CFU/g) 

1 4.71 6.29 7.37 

2 4.76 6.30 6.99 

3 4.80 6.25 7.64 

Ave. ± S.D. 4.75±0.05 6.28±0.03 7.34±0.33 

Indicator with 

red cabbage 

extract 

L* 1 37.50 30.18 38.45 

2 38.26 37.23 31.72 

3 38.15 33.39 43.86 

Ave. ± S.D. 37.97±0.41 33.60±3.53 38.01±6.08 

a* 1 23.59 21.46 15.80 

2 23.80 11.09 19.06 

3 22.57 15.44 11.19 

Ave. ± S.D. 23.32±0.66 16.00±5.21 15.35±3.95 

b* 1 9.07 7.35 11.24 

2 10.94 12.42 9.55 

3 12.80 11.87 11.37 

Ave. ± S.D. 10.94±1.87 10.55±2.78 10.72±1.02 

Indicator with 

Dendrobium 

orchid extract 

L* 1 19.98 15.23 21.34 

2 30.41 21.70 21.77 

3 26.33 20.05 17.85 

Ave. ± S.D. 25.57±5.26 18.99±3.36 20.32±2.15 

a* 1 22.05 27.14 26.80 

2 26.74 24.89 19.43 

3 31.08 25.19 21.52 

Ave. ± S.D. 26.62±4.52 25.74±1.22 22.58±3.80 

b* 1 9.76 5.29 9.40 

2 7.92 5.34 7.67 

3 10.48 6.75 10.75 
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Sample Properties  Day 1 Day 3 Day 5 

Ave. ± S.D. 9.39±1.32 5.79±0.83 9.27±1.54 

Indicator with 

butterfly pea 

extract 

L* 1 31.24 23.08 34.65 

2 34.38 26.89 30.25 

3 35.70 31.66 38.81 

Ave. ± S.D. 33.77±2.29 27.21±4.30 34.57±4.28 

a* 1 4.72 2.45 2.49 

2 3.45 2.76 2.91 

3 3.26 1.09 3.20 

Ave. ± S.D. 3.81±0.79 2.10±0.89 2.87±0.36 

b* 1 -3.02 0.06 0.14 

2 -4.76 -1.05 2.36 

3 -5.35 0.30 3.54 

Ave. ± S.D. -4.38±1.21 -0.23±0.72 2.01±1.73 
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Table 7.7: pH value and total plate count of pineapple, and color value of pH indicator, 

during storage  

Sample Properties  Day 1 Day 3 Day 5 

pineapple pH 1 4.55 4.49 4.32 

2 4.68 4.58 4.48 

3 4.02 3.98 3.75 

Ave. ± S.D. 4.42±0.35 4.35±0.32 4.18±0.38 

TPC 

(log CFU/g) 

1 3.30 5.27 7.00 

2 4.00 5.32 6.67 

3 4.11 5.50 7.37 

Ave. ± S.D. 3.80±0.44 5.36±0.12 7.01±0.35 

Indicator with 

red cabbage 

extract 

L* 1 29.46 31.95 26.43 

2 33.88 28.27 36.21 

3 33.67 41.00 26.37 

Ave. ± S.D. 32.34±2.49 33.74±6.55 29.67±5.66 

a* 1 31.18 29.64 27.20 

2 30.54 28.46 19.06 

3 30.04 19.47 26.58 

Ave. ± S.D. 30.59±0.57 25.86±5.56 24.28±4.53 

b* 1 19.55 19.03 16.57 

2 18.03 17.78 14.15 

3 16.22 13.21 17.06 

Ave. ± S.D. 17.93±1.67 16.67±3.06 15.93±1.56 

Indicator with 

Dendrobium 

orchid extract 

L* 1 23.17 25.67 25.93 

2 23.49 25.33 27.94 

3 29.31 25.09 25.76 

Ave. ± S.D. 25.32±3.46 25.36±0.29 26.54±1.21 

a* 1 30.97 34.25 33.05 

2 30.45 32.01 33.75 

3 27.06 34.64 33.61 

Ave. ± S.D. 29.49±2.12 33.63±1.42 33.47±0.37 

b* 1 9.65 11.08 13.78 

2 9.15 12.27 13.06 

3 7.74 10.84 11.20 
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Sample Properties  Day 1 Day 3 Day 5 

Ave. ± S.D. 8.85±0.99 11.40±0.77 12.68±1.33 

Indicator with 

butterfly pea 

extract 

L* 1 40.15 32.58 39.31 

2 36.89 31.33 32.45 

3 34.56 36.00 46.96 

Ave. ± S.D. 37.20±2.81 33.30±2.42 39.57±7.26 

a* 1 5.28 5.40 7.52 

2 3.21 7.29 8.45 

3 4.62 5.75 4.02 

Ave. ± S.D. 4.37±1.06 6.15±1.01 6.66±2.34 

b* 1 -2.07 3.56 0.24 

2 -2.73 1.40 -3.74 

3 -3.06 4.05 1.15 

Ave. ± S.D. -2.62±0.50 3.00±1.41 -0.78±2.60 
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Table 7.8: pH value and total plate count of watermelon, and color value of pH indicator, 

during storage  

Sample Properties  Day 1 Day 3 Day 5 

Watermelon pH 1 5.74 5.70 4.75 

2 5.23 5.21 4.59 

3 5.39 5.35 4.58 

Ave. ± S.D. 5.45±0.26 5.42±0.25 4.64±0.10 

TPC 

(log CFU/g) 

1 4.38 6.34 8.21 

2 4.49 5.98 8.27 

3 4.51 6.03 8.16 

Ave. ± S.D. 4.46±0.07 6.12±0.19 8.21±0.05 

Indicator with 

red cabbage 

extract 

L* 1 25.07 21.52 24.36 

2 27.55 35.41 31.01 

3 28.30 24.85 25.05 

Ave. ± S.D. 26.97±1.69 27.26±7.25 26.81±3.66 

a* 1 33.05 26.74 26.02 

2 31.60 21.38 19.43 

3 31.36 24.05 27.59 

Ave. ± S.D. 32.00±0.91 24.06±2.68 24.35±4.33 

b* 1 15.94 11.69 18.49 

2 16.02 7.05 15.75 

3 17.86 12.44 18.82 

Ave. ± S.D. 16.61±1.09 10.39±2.92 17.69±1.69 

Indicator with 

Dendrobium 

orchid extract 

L* 1 26.10 22.89 29.12 

2 26.88 31.24 38.04 

3 28.45 23.83 32.19 

Ave. ± S.D. 27.14±1.20 25.99±4.57 33.12±4.53 

a* 1 23.65 23.76 33.57 

2 22.07 18.95 22.64 

3 21.92 22.61 28.40 

Ave. ± S.D. 22.55±0.96 21.77±2.51 28.20±5.47 

b* 1 6.75 10.03 18.06 

2 6.13 11.66 15.29 

3 10.57 7.49 15.31 
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Sample Properties  Day 1 Day 3 Day 5 

Ave. ± S.D. 7.82±2.40 9.73±2.10 16.22±1.59 

Indicator with 

butterfly pea 

extract 

L* 1 29.78 21.22 35.95 

2 35.98 27.59 29.32 

3 36.06 35.24 39.75 

Ave. ± S.D. 33.94±3.60 28.02±7.02 35.01±5.28 

a* 1 3.99 3.15 2.67 

2 4.48 2.30 2.43 

3 2.27 2.09 3.11 

Ave. ± S.D. 3.58±1.16 2.51±0.56 2.74±0.34 

b* 1 -4.35 -2.29 2.41 

2 -4.80 -3.08 0.60 

3 -6.01 1.85 6.83 

Ave. ± S.D. -5.05±0.86 -1.17±2.65 3.28±3.20 
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Appendix 8 – pH sensitivity of developed pH indicator during storage 

 

Table A8.1: Color values of pH indicator with red cabbage extract at pH = 3, 5, and 7, during storage at 25ºC 

Week  
pH = 3 pH = 5 pH = 7 

L* a* b* L* a* b* L* a* b* 

0 1 34.29 51.93 21.07 36.29 35.70 -0.81 36.76 25.86 -4.17 

2 36.35 53.27 20.51 34.71 35.26 -0.34 37.11 25.62 -3.43 

3 35.77 52.53 20.81 34.63 35.96 0.43 37.29 25.35 -3.63 

Ave. ± S.D. 35.47±1.06 52.57±0.67 20.80±0.28 35.21±0.94 35.64±0.36 -0.24±0.63 37.05±0.27 25.61±0.26 -3.74±0.39 

2 1 33.17 54.08 20.98 33.81 36.82 -0.59 35.86 26.38 -2.70 

2 32.39 55.38 20.54 32.65 36.24 0.28 36.15 26.52 -3.53 

3 31.64 52.98 20.40 32.64 37.70 -0.19 37.01 25.44 -3.80 

Ave. ± S.D. 32.39±0.76 54.14±1.20 20.64±0.30 33.03±0.67 36.92±0.74 -0.17±0.44 36.34±0.60 26.11±0.58 -3.34±0.58 

3 1 30.92 54.39 22.72 28.27 36.90 -0.03 35.24 27.46 -3.52 

2 30.27 53.62 22.17 28.23 34.30 -1.24 34.29 26.68 -3.51 

3 29.81 53.69 21.49 30.60 39.25 0.54 32.44 25.41 -3.29 

Ave. ± S.D. 30.33±0.55 53.90±0.43 22.13±0.62 29.03±1.35 36.82±2.48 -0.24±0.91 33.99±1.43 26.52±1.03 -3.44±0.13 

4 1 26.11 49.80 25.87 23.41 37.04 -1.28 30.26 27.12 -4.61 

2 25.67 49.79 23.73 28.50 34.70 1.08 32.21 28.81 -4.12 

3 25.23 50.94 24.85 24.49 36.21 -0.74 30.01 25.26 -3.32 

Ave. ± S.D. 25.67±0.44 50.18±0.66 24.82±1.07 25.46±2.68 35.99±1.19 -0.31±1.24 30.83±1.21 27.06±1.77 -4.02±0.65 
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Table A8.2: Color values of pH indicator with Dendrobium orchid extract at pH = 3, 5, and 7, during storage at 25ºC 

Week  
pH = 3 pH = 5 pH = 7 

L* a* b* L* a* b* L* a* b* 

0 1 42.98 63.79 30.94 29.97 47.30 11.68 20.02 34.12 -6.76 

2 41.83 62.85 32.48 31.71 52.00 21.09 20.31 33.59 -7.53 

3 41.64 61.92 31.76 32.81 53.88 22.30 19.13 33.59 -7.79 

Ave. ± S.D. 42.15±0.72 62.85±0.93 31.73±0.77 31.50±1.43 51.06±3.39 18.35±5.81 19.82±0.61 33.77±0.31 -7.36±0.54 

2 1 42.45 63.82 31.21 30.52 53.01 17.01 16.63 32.15 -8.04 

2 38.22 59.88 33.27 32.04 49.61 17.26 19.37 34.86 -4.43 

3 44.08 64.59 28.51 28.52 54.07 21.30 15.90 33.11 -8.85 

Ave. ± S.D. 41.58±3.03 62.76±2.53 30.99±2.39 30.36±1.77 52.23±2.33 18.52±2.41 17.30±1.83 33.37±1.38 -7.11±2.35 

4 1 39.09 64.21 32.58 28.03 57.69 11.11 14.63 31.08 -9.15 

2 35.90 61.40 30.01 26.54 47.75 17.45 15.64 31.68 -7.45 

3 43.46 64.20 28.70 35.63 53.90 23.47 15.40 34.09 -6.35 

Ave. ± S.D. 39.48±3.80 63.27±1.62 30.43±1.98 30.07±4.87 53.12±5.02 17.35±6.18 15.23±0.53 32.28±1.59 -7.65±1.41 

5 1 36.26 62.36 28.80 27.05 50.59 17.09 13.88 27.63 -7.88 

2 34.70 59.69 33.02 33.55 51.90 17.81 16.90 30.83 -7.41 

3 39.44 64.66 29.00 23.69 55.93 15.38 11.39 28.54 -6.19 

Ave. ± S.D. 36.80±2.41 62.24±2.49 30.27±2.38 28.10±5.01 52.81±2.78 16.76±1.25 14.06±2.76 29.00±1.65 -7.16±0.87 
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Table A8.3: Color values of pH indicator with butterfly pea extract at pH = 3, 5, and 7, during storage at 25ºC 

Week  
pH = 3 pH = 5 pH = 7 

L* a* b* L* a* b* L* a* b* 

0 1 32.92 14.79 -14.55 25.91 8.46 -15.36 36.00 -4.91 -16.87 

2 33.78 15.96 -15.56 27.06 7.97 -15.81 36.31 -4.96 -16.45 

3 33.54 15.99 -14.65 28.33 8.10 -15.37 33.72 -4.86 -17.13 

Ave. ± S.D. 33.41±0.45 15.58±0.68 -14.92±0.56 27.10±1.21 8.18±0.26 -15.51±0.26 35.34±1.42 -4.91±0.05 -16.81±0.34 

2 1 32.27 15.15 -14.75 26.11 7.53 -14.64 34.99 -5.21 -15.79 

2 33.02 15.51 -15.91 26.24 7.53 -15.23 37.54 -4.54 -16.68 

3 34.12 16.90 -16.24 26.53 8.47 -15.23 36.25 -3.72 -16.44 

Ave. ± S.D. 33.14±0.93 15.85±0.92 -15.63±0.79 26.29±0.22 7.84±0.54 -15.03±0.34 36.26±1.28 -4.45±0.75 -16.30±0.46 

4 1 32.82 15.64 -15.35 24.34 7.81 -14.80 38.62 -5.25 -15.73 

2 31.32 16.14 -15.65 23.87 7.28 -14.92 37.76 -4.65 -15.28 

3 30.79 16.05 -16.25 26.46 8.37 -15.45 37.35 -3.22 -16.85 

Ave. ± S.D. 31.64±1.05 15.94±0.26 -15.75±0.46 24.89±1.38 7.82±0.55 -15.05±0.35 37.91±0.65 -4.37±1.04 -15.95±0.81 

6 1 25.43 15.62 -16.66 24.44 8.80 -15.36 34.29 -4.77 -16.40 

2 27.49 18.57 -17.36 25.04 9.06 -15.72 36.53 -5.41 -14.75 

3 26.54 19.01 -16.15 27.86 9.34 -15.13 33.75 -2.17 -15.22 

Ave. ± S.D. 26.49±1.03 17.73±1.84 -16.72±0.61 25.78±1.82 9.07±0.27 -15.40±0.30 34.86±1.47 -4.12±1.72 -15.46±0.85 

7 

 

1 23.85 18.05 -18.26 25.57 9.96 -15.36 31.48 -4.11 -16.25 

2 23.27 18.49 -18.57 23.71 9.95 -15.81 32.13 -3.31 -15.07 

3 21.69 18.08 -17.25 24.97 11.33 -15.37 31.63 -3.06 -14.96 

Ave. ± S.D. 22.94±1.12 18.21±0.24 -18.03±0.69 24.75±0.95 10.41±0.79 -15.51±0.26 31.75±0.34 -3.49±0.55 -15.43±0.71 
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Farm to Fork: Reducing Food Wastage along 

the Agricultural Product’s Value Chain 

Siriyupa Netramai1, Thitisilp Kijchavengkul1

1School of Bioinnovation and Bio-based Product Intelligence, 

Faculty of Science, Mahidol University, Thailand 

Abstract. 100 – 200 words 

Three research studies outlining different approaches to reduce food wastage along the 

agricultural product’s value chain were discussed: 1) utilization of chlorine dioxide (ClO2) gas in 

disinfecting pathogenic microorganisms during fumigation and as part of antimicrobial packaging 

for leafy greens, ensuring food safety and reducing microbial spoilage; 2) investigation on effects 

of distribution hazards and suitability of packaging system on quality and shelf-life of food 

products delivered via Thailand postal service, outlining potential factors that could cause food 

loss during multiple-day, ground delivery in Thailand; and 3) development of bio-based materials 

from agricultural produce and waste, reducing agricultural waste and lowering the use of non-

renewable resources.  

Key words: Chlorine dioxide; Packaging; Parcel delivery; Bio-based material; Cultivated 

banana  
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Enhanced Extraction of Anthocyanins from Red Cabbage 
(Brassica oleraces) Using Microwave Assisted Extraction  

Siriyupa Netramai1*, Thitisilp Kijchavengkul1, Hayati Samsudin2, and Sittiwat Lertsiri3 
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2School of Industrial Technology, Universiti Sains Malaysia, 
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3Department of Biotechnology, Faculty of Science, Mahidol University, 
Bangkok, 10400, Thailand 

ABSTRACT: This study was aimed to 1) investigate and compare efficacy of conventional 
hot water extraction (HWE) and microwave assisted extraction (MAE) of anthocyanin-rich 
plant, i.e. red cabbage (Brassica oleraces); and 2) identify optimal extraction condition for 
MAE of red cabbage. Color extracts were obtained from fresh red cabbage through HWE at 
80ºC, for 0-180 min; and MAE using household microwave oven. The MAE process 
parameters included in the study were red cabbage to water ratio (1:5 to 1:3 g/mL), extraction 
power (480-800 W), and extraction time (120-480 s). The color extracts were determined their 
total monomeric anthocyanin contents. Red cabbage extracts from HWE and MAE were 
slightly acidic and had 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚  of 553 nm. Mathematical model of red cabbage MAE was 
constructed using response surface methodology (R2 = 0.8066). Red cabbage to water ratio and 
extraction time significantly influenced the efficacy of MAE (P ≤ 0.001). The condition that 
gave color extract with highest anthocyanin content (1023.39±36.62 mg cyanidin-3-glucoside 
equivalents per kg fresh red cabbage) was red cabbage to water ratio of 1:3 g/mL, extraction 
power of 800 W, and extraction time of 8 min. The use of MAE significantly reduced extraction 
time and increased yield (by 96.42%) of color extraction, as compared to those from HWE 
procedure (P < 0.001). Based on prediction profilers, it was possible that higher yield could be 
obtained at the more severe conditions. At 4ºC storage, there was no significant change in 
anthocyanin level of the extract for the first 2 h of storage, but the anthocyanin level decreased 
to 418.43±255.78 mg cyanidin-3-glucoside equivalents per kg fresh red cabbage after 12 h of 
storage (P < 0.05). 

Keyword: Microwave assisted extraction; Anthocyanin, Red cabbage, RSM 
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INTRODUCTION 
 
Utilization of natural pigments as coloring 
agents in local products has been practiced 
well before the invention of synthetic dyes; 
and, recently, the shifted preference of the 
consumers towards the use of natural 
ingredients has renewed and increased the 
demand of natural colorants, especially, for 
clothing, cosmetics, and food products [1]. 
Pigments can be extracted from various parts 
of plants, e.g. flower, leaf, fruit peel, tree 
bark, or root. The sources of colorants are 
often agricultural produce of low economic 
values or agricultural waste [2, 3].  
 
Color  extract  from  red  cabbage (Brassica  
oleraces) has been used in various 
applications, for example, as coloring agent 
in food products, e.g. beverages, ice-cream, 
and confectioneries; as natural dye for textile 
items; or as pH indicator [3, 4]. Red cabbage 
contains high concentration of anthocyanins, 
more specifically, mono- or diacylated 
cyanidin anthocyanins. Color characteristics 
of anthocyanins are influenced by many 
factors, including their chemical composition 
and changes in pH of the environment [3, 4]. 
Ahmadiani et al. (2014) reported that 
anthocyanin content in 7 red cabbage 
cultivars ranged from 1040 to 1880 mg 
cyanidin-3-glucoside equivalents per kg 
fresh red cabbage. At the harvest time of 13 
and 21 weeks, color extracts from selected 
cultivars had similar 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 at 520 and ~610 
nm, respectively. At different pH, color 
extracts from different harvest times were 
found to have colors similar to those of 
commercial coloring agent, i.e. FD&C Red 
No. 3 (week 13 extract, at pH 3.5) and FD&C 
Blue No. 2 (week 21 extract, at pH 7.0)0 [3]. 
Stability of anthocyanins depends on several 
factors, e.g. pH, processing and storage 
temperature, degree of complexation or 
copigmentation with other anthocyanins or 
other chemical species [5]. 
 
At household- or small-scale production 
level, conventional extraction method using 
hot water or acidic solution as solvent is often 

used to prepare crude color extracts from 
anthocyanin-rich plants. However, the 
method is time-consuming and usually gives 
low yield. Microwave assisted extraction 
(MAE) is an alternative extraction method 
that exposes the plant to electromagnetic 
radiation in microwave frequency range, 
resulting in increased accessability of the 
solvent into the sample’s struture. Typically, 
MAE uses lower amount of solvent, reduces 
extraction time, and is available for 
commercial use in affordable prices, ranging 
from household- to industrial scale. There are 
several factors affecting efficiency of MAE, 
e.g. type of solvent used, extraction time, 
temperature, microwave power, and contact 
surface area between the plant and the 
solvent [2, 6]. 
 
Therefore, the objectives of this work were to 
1) evaluate efficacy of conventional 
extraction and MAE (using hot water as 
solvent) of red cabbage; and 2) determine 
optimal extraction condition for MAE; 
parameters that included in the study were 
red cabbage to water ratio, and extraction 
power and time.   

 
MATERIALS AND METHODS  

 
The yields of hot water extraction of red 
cabbage were determined and compared 
between conventional HWE and MAE, using 
absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 and total monomeric 
anthocyanin content of color extracts as 
indicating factors. Then, the optimization of 
MAE for red cabbage was determined using 
response surface methodology (RSM). The 
color extract obtained using optimal 
condition of MAE was later studied its 
stability under storage at 4ºC.      
 
1. Materials   

 
Fresh red cabbage (Brassica oleraces var. 
capitate f. rubra) was purchased from local 
supermarkets in Bangkok, Thailand. 
Cabbage was stored at 4±1ºC until used and 
used within 3 days of purchase.  
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Colorless buffer solutions of pH 1.0 and 4.5 
used in determination of total monomeric 
anthocyanin pigment content were prepared 
from potassium chloride (0.025M) (KCl, 
Ajax Finechem, New South Wales, 
Australia) and sodium acetate (0.4M) 
(CH3CO2Na∙3H2O, Ajax Finechem), 
respectively. The buffer solutions were 
adjusted their final pH with hydrochloric acid 
(HCl, Fisher Scientific, MA, USA) [7]. 
Disposable plastic cuvette (Bibby Scientific 
Ltd., Staffordshire, UK) was used in UV-Vis 
spectrophotometry. 
 
2. Hot water extraction 

 
Based on preliminary experiment, red 
cabbage per water ratio used in conventional 
HWE conditions in the study was 1:3 g/mL 
of water. For both extraction methods, only 
leaves were used and the core was discarded. 
The leaves were then cut into small pieces; 
and used within 1 h of preparation [8]. Pre-
determined amount of freshly cut sample was 
submersed in 80˚C distilled water installed in 
waterbath (Memmert Waterbath WNE 22, 
Schwabach, Germany). The extractions were 
carried out at 80ºC, for 10-180 min (in 
increment of 10 min). After the extraction, 
the heated mixture was filtered using 
cheesecloth. The aliquot was then collected 
as color extract and left to cool to room 
temperature before further testing [8]. All 
experiments were performed in triplicate. 
 
3. Microwave assisted extraction 
 
To study the effects of sample to water ratio, 
and extraction power and time of microwave 
assisted extraction, preliminary experiments 
were conducted. The selected levels of all 
testing parameters were 1:5 to 1:3 g/mL, 480-
800 W, and 120-480 s, respectively. These 
conditions were sufficient to yield extracts 
with visible color and did not cause 
significant violent boiling. 
 
Table 1 shows 15 extraction treatments for 
red cabbage conducted in random order 

according to Box-Behnken design of 
response surface methodology (RSM). All 
treatments listed were conducted in triplicate. 
For each treatment, known amount of cut red 
cabbage was submersed in distilled water at 
room temperature, for 60 s to ensure 
thorough submersion, before starting the 
microwave heating process using household 
microwave oven (LG MG-3937C 
Microwave Oven, LG Electronics, Bangkok, 
Thailand). After the treatment, the mixture 
was filtered, and color extract was collected 
and left to cool to room temperature [8, 9]. 

 
4. UV-Vis spectroscopy  
 
The visible spectra (400-700 nm), 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚, and 
absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of color extracts of red 
cabbage by HWE and MAE were obtained 
using UV-Vis spectrophotometer 
(LAMBDATM 35 UV/Vis 
Spectrophotometer, PerkinElmer Inc., MA, 
USA).    
 
5. Determination of total monomeric 

anthocyanin pigment content 
 
The amount of total monomeric anthocyanin 
pigment in extracted color solution was 
determined, using pH differential method [7]. 
Briefly, the extract was mixed with pH 1.0 or 
pH 4.5 buffers (final concentration of the 
extract in the solution was 10% vol/vol). The 
solutions were then measured their 
absorbance at 520 and 700 nm, using UV-Vis 
spectrophotometer. Amount of anthocyanin 
pigment was calculated using Equation 1 and 
2. 
 

A =  (𝐴𝐴520 − 𝐴𝐴700)𝑝𝑝𝑝𝑝1.0 −
(𝐴𝐴520 − 𝐴𝐴700)𝑝𝑝𝑝𝑝4.5  

Eq. 1 

 
Total monomeric anthocyanin (cyanidin-3-
glucoside equivalents, mg/L)  

=  𝐴𝐴 × 𝑀𝑀𝑤𝑤 × 𝐷𝐷𝐷𝐷 × 103

𝜀𝜀 × 𝜄𝜄
  

Eq. 2 

 
where 𝑀𝑀𝑤𝑤 is molecular weight of cyanidin-3-
glucoside (cyd-3-glu) = 449.2 g/mol; DF is 
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dilution factor; 𝜄𝜄 represents pathlength in cm 
= 1 cm; 𝜀𝜀 is molar extinction coefficient for 
cyd-3-glu = 26,900 L∙mol-1∙cm-1. 
 
6. Determination of color extract stability  
 
Preliminary experiment on storage stability 
of red cabbage extract showed that, at room 
temperature (25±1ºC), level of total 
anthocyanin content significantly decreased 
within 1 h after extraction. The study of color 
extract stability was then focused on stability 
of anthocyanins during cold storage.   
 
The extracts were prepared using optimal 
condition of MAE (3 replicates of extract 
were prepared), and then kept in air-tight 
glass container, covered with aluminium foil, 
at 4±1ºC. The extracts were sampling 
periodically to monitor their total monomeric 
anthocyanin pigment content for 24 h.    
     
7. Statistical analysis 
 
All data obtained from the study were 
statistically analysed using JMP 8.0 program 
(SAS Institute Inc., NC, USA) at the 
confidence level of 95% (𝛼𝛼 = 0.05) with 
Tukey’s adjustment for comparison of the 
means. 
 
To obtain mathematical models of MAE of 
red cabbage, the response, i.e. absorbance at 
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of the extracts were analyzed using 
JMP 8.0 program (SAS Institute Inc.). 
Equation 3 describes 2nd-order polynomial 
equation used to develop a predictive model 
for MAE of red cabbage: 
 

y =  β0 + β1𝓍𝓍1 +  β2𝓍𝓍2 + β3𝓍𝓍3 +
 β12𝓍𝓍1𝓍𝓍2 +  β13𝓍𝓍1𝓍𝓍3 +
 β23𝓍𝓍2𝓍𝓍3 +  β11𝓍𝓍12 +
 β22𝓍𝓍22 +  β33𝓍𝓍32 +  ε       

Eq. 3 

  
where 𝑦𝑦 is absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 (553 nm); 𝓍𝓍1, 
𝓍𝓍2, and 𝓍𝓍3 are coded values of studied 
parameters, i.e. sample to water ratio (g/mL), 
extraction power (W), and extraction time 
(s), respectively; 𝛽𝛽0 is intercept; 𝛽𝛽1, 𝛽𝛽2, and 

𝛽𝛽3 are linear effects of sample to water ratio, 
extraction power, and extraction time, 
respectively; 𝛽𝛽11, 𝛽𝛽22, and 𝛽𝛽33 are quadratic 
effects of red cabbage water ratio, extraction 
power, and extraction time, respectively; 𝛽𝛽12, 
𝛽𝛽13, and 𝛽𝛽23 are interaction effects of red 
cabbage to water ratio and extraction power, 
red cabbage to water ratio and extraction 
time, and extraction power and extraction 
time, respectively; and ε  is residual error. 

 
RESULTS AND DISCUSSION 

 
pH values of red cabbage extracts from HWE 
and MAE were 6.51±0.28 and 6.37±0.04, 
respectively. Visible spectra (400-700 nm) of 
color extracts obtained from both extraction 
methods showed 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 at 553 nm (spectra not 
shown).  
 
Data on absorbance at 𝜆𝜆𝑚𝑚𝑎𝑎𝑥𝑥 of red cabbage 
extracts from both extraction methods at 
various conditions were plotted against their 
corresponding total monomeric anthocyanin 
contents (Figure 1). The plot shows positive 
correlation between two parameters. 
Absorbance at 553 nm was then used as 
indicator for efficacy of both extraction 
methods. Figure 2 shows absorbance at 553 
nm of red cabbage extracts obtained from 
HWE, at constant 80ºC.  
 

 
Figure 1 Total monomeric anthocyanin 

content (mg cyd-3-glu equivalents per kg 
fresh red cabbage) and absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 

of red cabbage extracts 
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The red cabbage to water ratio used was 
similar to the highest ratio selected for MAE, 
i.e. 1:3 g/mL. Based on absorbance data, the 
extraction time of 60 min gave color extract 
with maximum absorbance at 553 nm for 
HWE of red cabbage. The extract obtained 
using this condition had anthocyanin content 
of 521.02±64.62 mg cyanidin-3-glucoside 
equivalents per kg fresh red cabbage. This 
maximum level of anthocyanin content was 
similar to that of red cabbage extract obtained 
through HWE at 100ºC, for 7 min (come-up 
time excluded) reported by Kham-ngam et al. 
(2015) [10]. After 60 min of extraction at 80º
C, the absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 decreased. 
 

Table 1 shows absorbance at 553 nm and 
total monomeric anthocyanin contents of the 
extracts at various MAE conditions. To study 
the effects of MAE on absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of 
red cabbage, mathematical model was 
constructed (Table 2). The predictive model 
had R2 of 0.8066. Based on obtained 
equation, both red cabbage to water ratio and 
extraction time had strong positive linear 
effects on amount of color compounds being 
extracted through MAE method (Table 2), as 
were indicated by the increases in absorbance 
at 553 nm, with red cabbage to water ratio 
being the most prominent factor. The weak 
synergistic effect of extract power and time 
(𝓍𝓍1𝓍𝓍3) was also observed (P < 0.005).

Table 1 Conditions for microwave assisted hot water extraction of red cabbage and 
corresponding absorbance at 553 nm and total monomeric anthocyanin content of color extracts  

Treatment Code 
Sample to 

Water Ratio 
(g/mL) 

Extract 
Power 

(W) 

Extraction 
Time (s) 

Absorbance 
at 553 nm* 

Total 
Monomeric 

Anthocyanin 
Content*,** 

1 0 0 0 1:4 640 300 0.70±0.14c 480.75±26.47c 

2 0 – –  1:4 480 120 0.24±0.06d,e 144.77±23.28d 

3 0 – + 1:4 480 480 0.74±0.23b,c 530.58±33.71c 

4 + – 0 1:5 480 300 0.56±0.24c,d 436.17±156.13c 

5 0 0 0 1:4 640 300 0.65±0.09c 557.63±57.39b,c 

6 + 0 – 1:5 640 120 0.23±0.03e 189.76±38.14d 

7 + 0 + 1:5 640 480 0.81±0.28b,c 697.13±95.92a,b 

8 0 0 0 1:4 640 300 0.70±0.18c 487.78±28.98c 

9 – – 0 1:3 480 300 1.00±0.25b,c 411.01±69.74c 

10 – + 0 1:3 800 300 1.09±0.19b 436.61±54.24c 

11 – 0 – 1:3 640 120 0.37±0.10d 193.24±68.17d 

12 – 0 + 1:3 640 480 1.39±0.34a,b 539.62±59.30c 

13 0 + – 1:4 800 120 0.36±0.09d 153.15±19.09d 

14 0 + + 1:4 800 480 1.88±0.36a 891.63±212.34a 

15 + + 0 1:5 800 300 0.60±0.16c 527.77±72.63c 

*Values with similar superscript, within the same column, are not statistically different at type 
I error (α) of 0.05 
**Total monomeric anthocyanin content of red cabbage was calculated based on Eq. 1 and 2, 
with DF of 10, into mg cyanidin-3-glucoside equivalents per kg fresh red cabbage 
 
Prediction profilers (Figure 3) indicated that 
even at the conditions where highest level of 
every testing parameter were applied, it 
might be possible to obtain higher yield if the 
levels were raised beyond the testing 
conditions, as could be implied by the on-

going positive trends in the profilers. 
However, due to the risks of violent boiling 
from applying higher extraction power 
and/or longer extraction time, the MAE 
conditions that should be used to extract the 
color compounds from red cabbage is the 
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highest levels of every parameter, i.e. red 
cabbage per water ratio of 1:3 g/mL, 
extraction power of 800 W, and extraction 
time of 8 min. Color extract that was 
prepared using this optimal MAE condition 
contained anthocyanin content of 
1023.39±36.62 mg cyanidin-3-glucoside 
equivalents per kg fresh red cabbage. The 
extract had visible spectrum and 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 (data 
not shown) similar to those of extracts 
yielded from MAE at less severe conditions, 
as well as those from HWE. This indicated 
that the qualities of the color extracts were 
not significantly affected. 
 

 
Figure 2 Absorbance at 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of red cabbage 

obtained from HWE at 80ºC 
 
Comparison between maximum anthocyanin 
content obtained from hot water extraction 
using HWE and MAE showed that MAE 
gave higher extraction yield of color extract 
from red cabbage, as compared to that from 
HWE method, i.e. 1023.39±36.62 and 
521.02±64.62 mg cyanidin-3-glucoside 
equivalents per kg fresh red cabbage, 
respectively. Thus, based on maximum 
anthocyanin contents in extracts obtained 
from both methods, MAE increased yield of 
color extraction by 96.42% (from HWE) [3]. 
 
High-temperature extraction can result in 
increased yield due to increases in solubility 
and/or mobility of compounds, or better 
accessibility from disruptions of cell or 
structure. However, prolonged exposure of 

anthocyanins, which are heat-sensitive 
compounds to high extraction temperature, 
as in the case of HWE, can cause significant 
degradation of anthocyanins [5, 6].  
 
Table 2 Parameter estimates of RSM 
equation for microwave assisted extraction of 
red cabbage 

Parameter 
𝛌𝛌𝐦𝐦𝐦𝐦𝐦𝐦 = 553 nm 

Estimate Standard 
Error 

Prob > 
| t | 

Intercept -0.7618 0.2180 0.0013* 
Water to 
sample ratio 

0.2064 0.0471 0.0001* 

Extraction 
power 

0.0011 0.0003 0.0008* 

Extraction 
time 

0.1513 0.0157 <.0001* 

Ratio*Power 8.1667e-5 0.0004 0.8456 
Ratio*Time 0.0374 0.0222 0.1012 
Power*Time 0.0005 0.0001 0.0005* 
Ratio*Ratio 0.0128 0.0693 0.8539 
Power*Power 4.6086e-6 2.7070e-6 0.0976 
Time*Time 0.0003 0.0077 0.9688 
* indicates significance of the effects at type 
I error (𝛼𝛼) of 0.05. 
 
Figure 4 shows total monomeric anthocyanin 
content of red cabbage extracts stored at 4ºC. 
The extracts were prepared using MAE at red 
cabbage to water ratio of 1:3 g/mL, 800 W, 
for 8 min (initial total anthocyanin content = 
1023.39±36.62 mg cyanidin-3-glucoside 
equivalents per kg fresh red cabbage). At 4º
C, the level of anthocyanins did not 
significantly decrease in the first 2 h of 
storage, but significantly lowered after that (P 
< 0.05). The results coincided with findings 
reported by Ahmadiani et al. (2014). After 
refrigeration storage for 6 h, it was found that 
anthocyanin contents of extracts (adjusted pH 
values to 7) from 7 different red cabbage 
varieties decreased by 19.1±3.8 to 50.1±5.5% 
[3]. The pH of the extract also played an 
important role. Anthocyanins tends to 
degrade faster in aqueous solution and under 
basic condition as compared to that under 
acidic condition [3]. 
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Figure 3 Prediction profiler of red cabbage extract; ranges of studied parameters were 

1:5 (-1) to 1:3 (1) g/mL for red cabbage to water ratio;  
480 (-1) to 800 (1) W for extraction power; and 2(-1) to 8 (1) min for extract time 

 

 
Figure 4 Total monomeric anthocyanin 

content (mg cyanidin-3-glucoside 
equivalents per kg fresh red cabbage) of red 

cabbage extract stored at 4ºC 
 

CONCLUSIONS 
 
Red cabbage extracts obtained using HWE 
and MAE had pH value of 6.51±0.28 and 
6.37±0.04, respectively; and 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 of 553 nm. 
In comparison to HWE, MAE by household 
microwave oven increased extraction yield of 
red cabbage and lowered extraction time 
used. Based on mathematical model of MAE 
of red cabbage (R2 = 0.8066), red cabbage to 
water ratio and extraction time strongly 
influenced efficacy of MAE (P ≤ 0.001). Red 

cabbage to water ratio of 1:3 g/mL, extraction 
power of 800 W, and extraction time of 8 min 
resulted in color extract with highest 
anthocyanin content, i.e. 1023.39±36.62 mg 
cyanidin-3-glucoside equivalents per kg 
fresh red cabbage. Additionally, according to 
prediction profilers, it is also possible that 
higher yield could be obtained at the more 
severe condition. From storage stability 
study, it was recommended that red cabbage 
extract should be used within 2 h after 
preparation (if kept at 4ºC) as anthocyanin 
level of the extract was stable for the first 2 h 
and significantly decreased after that.  

 
NOMENCLATURE 

 
HWE Hot water extraction  
MAE Microwave assisted extraction 
RSM Response surface methodology 
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