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ᶾЄדּ ӣ  ṅἬשׁ

 

Ӣȸ ╓ רּ ȸ  

щ ᴥ ╬ П Ѡׁשṅ 

 

щ ᴥ ╬ ╥ӑẃ╬ Ӏ ᾼ ȴӐׁשṅ Л֝ѠהП ᴥ

ậѠᾎȲ ṅ ᴥ ậ ȴ ᴥ Ѡ ȳ ╬ Ѡ Ȳ᷄ҏ Ṿ

ᴥế ╬ ѠȲṳѿѬ♃ ╬ᴥ ὨП ḵ⇔Ȳ ᴩ ᴥ ╬ Пצ

ἤ ᴷȲ ∟ ᴩӪ ╬ᴥц ἤ ᴷȴ 

Ὠ ᴥ ậ ѿ ᾌ ậᾎɎѿѬⱢ ɏ Ȳᴥ

ậ Ɫ 0.25%ȴ ᴥ ᵶ ứѿҟ ᴥ Ɏ95%ϛ ҟ ȲԛѿѬⱢ П

ᾌ ậᾎɏ Ȳ Ɫ 3.401%ȴ ᴥ Ѡ ѿ C4 ѠɎ 2.5%ʞ

Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɏⱢ Ṿ Ѡȴ ╬ Ѡ ѿ AM3 ѠɎ

2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5%ɏⱢ Ṿ ╬

Ѡȴ╬ᴥ ὨПѬ♃ ḵ⇔ѿ AM3 ѠɎ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%

ʞϮ҇ 1.5%ʞ Ѭ 92.5%ɏ ֻȴ ᴥ ╬ᴥ ἤ ᴷȲѿ AM3 ѠПᴥ

ᶮ ṾȴӪ ╬ᴥ Ὠѿ C4 ѠɎ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%

ʞ Ѭ 93.5%ɏᾼӪ ╬ᴥ Ὠ ֻȲ ᴥᵧ ᴥȴӪ ╬ᴥϮװѬ♃ ḵ⇔

ѿ C4 ѠɎ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɏПӪ Ѭ♃

ḵ⇔ ֻȴ Ѡ ȲAM3 Ѡ Ӣ 20% Пӫ Ȳӑẃ

ѠȲѿ ẞ ѠП ḖȴC1ȳC4 Ѡӑצӫ П Ӣȴ

ֽᴶ Ӫ ╬ҏ ᴥṆᾼ ᴥȲ╥ӑẃҠѿ ϤׁשṅᾼѠ֣ȴ 

ֿȻ ȳ╬ ȳщ ᴥ  
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Abstract 

Natural hair dye is the future trend in hair color market. In this study, we 

compared different extraction methods to explore the extraction yield of natural color 

from the lac. Another purpose was to find the better formula for color and mordant 

dyeing by matching colors experiment and mordant dyeing experiment, and for the 

colorfastness to washing. Besides assessing efficacy of nature hair dye, finally, we 

colored white hair and performed skin allergy evaluation. 

The experimental result revealed that the better extraction yield of lac was 0.25

˖with water by ultrasound-assisted extraction. We also found that ultrasonic 

degumming method had higher lac quantity percentage which was 3.401% ( the 

degumming solution is 95% ethanol, and then used ultrasound-assisted extraction 

method with solvent of water). In color formula examintaion, C4 formula had good 

presentation (lac 2.5%ʞHematoxylin2.5%ʞXanthan gum1.5%ʞpure water 

93.5%). The better mordant dyeing formula was AM3Ɏlac 2.5%ʞHematoxylin 2.5%

ʞFerrous sulfate heptahydrate 1%ʞXanthan gum1.5%ʞpure water 92.5%ɏ. The 

better result of testing for colorfastness to washing was AM3 formulaɎ lac 2.5%ʞ

Hematoxylin2.5%ʞFerrous sulfate heptahydrate 1%ʞXanthan gum1.5%ʞpure 

water 92.5%ɏ. AM3 formula also had great color permeability for hair. Meanwhile, 

C4 formula had better hair color in dyeing resultɎlac 2.5%ʞHematoxylin 2.5%ʞ

Xanthan gum1.5%ʞpure water93.5%ɏfor elderly white-hair, and the result was 

yellow. The better colorfast effect after three times washing for white hair was 



 

 

III  

provided by C4 formulaɎlac2.5%ʞHematoxylin2.5%ʞXanthan gum1.5%ʞpure 

water 93.5%ɏ. In allergy testing, AM3 formula developed slight skin allergy reaction 

in 20% subjects. This formula needs further adjustment in order to meet the 

requirement of allergy. In contrast, C1 and C4 formulas revealed no skin allergy. 

Future work should encompass how to cover white hair with darker color 

successfully by nature hair dye. 

Key words: lac, hair dye, natural dyes 
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Ϛ  

ṅש1.1ׁ ￼  

҅ᾼ ḔȲ ϠᴔϢ ֯ ӪП Ȳ╬ ṿᴞАכ ẃѩ

ד ПҵȲ ҅ᾼד ϢⱢϠ Ḗ ȳ Ϣ ᴥȲ Хכ╬ гᴥȲ

Б╥ ҅ῂ М Ḗ ỮᾼϚ ╓ ȴ╬ Ȳ֯ ҅ῂ МȲϷ Ӣ♄Мכ

ᾼϚ иȲ ѿⱢ ᾼϚԈṶȴ╬ ᾼӭᾼЛԛ ὑ᷂Ӫ ╬ Ȳ╬֢כ ᴥ

Ḇ╥ ϯד Ϣ⁞ὑ ᾼӭ ȴ 

֪Ɫצ╬ ᾼ ḖȲ╬ Ӏ Ȳ ү ṅשׁ

Ɏ2010ɏ ӱȲӦὑ в ᾼ Ȳ2010ד 1~8ѣо ₇ ֯ϯ

Ḗ ϯȲӢ иᵑ ֝ד2009  כ 12.13̟ ȳ10.76̟ ȴ

ᴖ Ӏ ὑ ԓד2009 о ’ ₇Ӏ 3388 דаȲרּ Ɫ 2.67̟ ȴ

╬ Ӏ  ȲᵀῺדẃȲ֪ṿӣ╬ ∟ᴖ Ӣӫ ᾼ

Ἤצ Ȳ֪ ╬ ᴖ ӫ ᾣ ᾼϢ Ϸ ẃ ֵȲѻ ᾭҔ╗ӫ ȳ

ȳ Ȳ ῏ꜙᴟі ԅᵌײϺȴѻ ╥֪ⱢӀ ᾼ╬ Єֵ

Ɫ о₤╬ Ȳ о₤╬ Ɫо כ֥ ᾼȲЄ ἤȳ◖֯׀ ἤȳ

ἤȲ   ṿӣȲ⁄ Ϣ ֚כ ȴ֪ױȲᶺ Ӣ Ϸ ╬

Мᾼ ӣế ӣᾬ Ϡ ᾼ ứȴ 

ṷ ᾼ ӢȲɦ֫ ᴞ ɧכⱢѷꜜ ☼Ȳ Ϣ ᾼ

Ȳщ оᶉ₇ ȲϢ ֯ оᶉ’ ₇ Ȳ╥ᵡᵶщ Ɫכиכ

ПϚȴἬ щ оᶉ₇ᵛ╥ ṷоᶉ’ ₇ МȲᵶצ ᾬἨ ᾬ ậᾼщ

♄ἤכиȴоᶉ’ ₇Мᾼщ иכ Ḗ ҒȲ֢ Ӣ ȳ♄ἤᾬȳ ᾬ

Ɫכ Э∟ѷꜜоᶉ₇ Ӏ ᾼ ȲẂֽӡ Мᾼӡ כ

иȲẓצ ếḀạ ᾼᵂӣȲ╥צ ᾼ ᾬּרӪ ȴ М ậᾼ♄
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ἤ иȲכ֥ ᵶᶼ о Ȳ ӂᴜ ȳᶼᴔоצЛ ᾼ Ὠȴᴖщ

ᾬ ậᶾ ϷכⱢӑẃּר оᶉ₇ᾼ ᶾ ɎҖṺМ щ МїȲ2007ɏȴ 

╬ ╥оᶉ₇ᾼϚ ȲẔ Ϸ╥֝דȲϢ Ở Ἐṿӣ ҭ ϵᾼщ

╬ Ȳщ ╬ ḥצ о ҒЏȲ╥ ᾬȳ ᾬἨ ᾬ Мậ Ȳ ӫ

Л і Ȳ Лᴆ╬Ȳ Ϡ ╬ Ѡ ѿҵȲ щ ᴥ

ӣ֯╬ ╥╬ Ӏ ӑẃᾼ ȴ 

ϭ֤ Ȳ╥ Ӣὑ ᾬ Ὤϱᵮ ә∟иᾆᾼϚ ᴥщמּ

ȴ֯ ҅ ѝҭצ Ɫ ᵂ ᴥמּ ᾼֻḊ Ȳ ПҵȲױ

ҡ҅ Ở ӣ֯Ӂ ╬ᴥế ᾼ ᵂϱɎ Ὥȳ ṃȲ2002ɏȴ

ᴟЭѡȲ ᴥ ӣḆⱢ ᾛȲ ₇╬ᴥѠ Ȳ Ḗᾼ╥Ḇ ’ȳḆ ȳ

Ḇ ȷ֯ ӣᴥ Ѡ Ȳ ӣὑ ȳ Ὠ ᾼ ᴥȷ֯оᶉ₇Ѡ Ȳ⁄╥

ϱ ᾼоᶉ₇И ṿӣ ᴥ Ȳһ Ϣ ȳᴥ רּ ᾼ ȲӔ ֥ ҅

Ϣ ᾼ Ḗȴᵀ ֯ү ╥ ȳ Ὤ Ὠ ᾼ ПϚȲ

ᾬ֯ϮẞХד Ɏײ░ ᶛᾙ ϢȲ2002ɏȲ֪ױ Ӗ Ὤ

Ȳ― ҟ Ἠṿӣ Ȳѿᵍ֚ Єȴ 

ӭ›Ӏ ϱ ᴥ ӣ֯╬ П ₇ ṅשӐׁױṅ−юȲ֪שׁ

ᴥ Ɫщ ᴥ ╬ ᾼѻ ╬ᴥכиȲ ᴩ ᴥ ᾼ╬ᴥἤ שׁ

ṅȲѿ с╬ ᾼׄԓἤȲ ὨҠѿכṅשׁ Ɫ ᴥ ӣὑ╬ П

ᴕȲ֝ ֚ Ὠ ᾼ Ȳ כ ὖ ȲϷ ю ᾼṿӣȲѿ ẞ

’ Пғ ȴ 
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 ṅӭᾼש1.2ׁ

Ӑׁשṅᶦ М ậᴥ ȲԛҒϤẔ҃щ Ḋ ᴩ ᴥ Ȳṳ ᴩ

╬ Ὠ ȴ Ϡ Л֝ᾼᴥ ậѠᾎПҵȲԛ ᴥ ҒϤЛ֝щ

ᴥ иȲכ ҏ ᴥṆ╬ ᴥ ѠȲ ∟ԛҒϤЛ֝ᾼ ╬ Ȳ ╬

ᴥ Ѡᾼ ȴᶦ ὨҠכṅשׁ Ɫ ᴥ ӣὑ╬ П ᴕȴ Ӑ

 ṅПӭᾼֽϯȻשׁ

1ȳ Л֝ѠהП ᴥ ậцᴥ ᵶ ứȴ 

2ȳѿ ᴥ Ɫ ȲҒϤЛ֝ᾼщ ᴥ Ȳ Л֝ ѠȲṳ ứ╬ᴥ Ὠȴ 

3ȳЛ֝ ╬ ᴥ ╬ П ȴ 

4ȳѿѬ♃ ╬ᴥ ὨП ḵ⇔Ȳ ᴩ ᴥ ╬ Пצ ἤ ᴷȴ 

5ȳѬ♃ ᴥ ╬ Ӫ ╬ᴥПצ ἤᴷȴ 

6ȳѿԏ Ṿ ѠП ᴥ ╬ ᴩ╬ᴥ ἤ ᴷȴ 

7ȳ Ṿ ѠП ᴥ ╬ ᴩ Ӂ Ȳ ᴩׄԓἤ ᴷȴ 
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▐ṅש1.3ׁ  

 

 ṅӭᾼשׁ
 

ѝ  

 

ṅשׁ  

 1ȳ ᴥ ậцᴥ ᵶ П ứȴ 

2ȳЛ֝ ѠП ᴥ ╬ ṅȴ 

3ȳЛ֝ ╬ ᴥ ╬ П ȴ 

4ȳ ᴥ ἤ ᴷȴ 

5ȳ ᴥ ╬ Пׄԓἤ ᴷȴ 

☼  

 

╬ Ὠׁשṅ 

 

ᴥ  

 

 

Л֝щ ᴥ Ѡ 

Пׁשṅ 

 

ᴥ  

ᴥ ậ 
Ὲ ȳ 

Ὲ ȳ⌡  

▐ṅש1ׁ - 1  

 

 

 

Ὠ  

 

иέ 

 

ׄԓἤ ᴷ 

 

Ӂ 

 

╬ ᴥדиέ ᴥ  

 

 

 

Л֝ѠᾎП

ᴥ ậ  

 

צ ἤ ᴷ 

 

ᴥ ȳ Ѭ  

 

 

 

иԏԏ⇔  

 

 

 

ἤ ᴷ 

 

Ӱה йѱ ȳԏ  
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ϡ ѝ  

2.1щ ᴥ Ю  

щ ᴥ ╓ᾼ╥ ᾬȳ ᾬἨ ᾬ Мậ Ȳ−юἨḥצ о ҒЏ

ᾼᴥ ȴῺדẃȲϢ ӢᾬɎֽ ȳ ȳ ɏ Ӣᾼᴥ ϷҠѿ

Ɫщ ╬ ȲכⱢщ ᴥ ᾼẃ ȴϢ ֯ 19ѷּנМ ѿ› ╥ṿӣщ ᴥ

ẃ╬ᴥȴϢ ṿӣ╬ ᾼ ҭȲ ᴟҠѿꜙנ ẞ Ӱ ҅Ȳ֯ҖṺЍ ♂

Ϣѝо ᵿМ Ȳӣ ᾬ ᴥᾼӰמּכ╬ Ɏѵ Ȳ2010ɏȴᴖḆצϩ

ᾼ ╥Ȳᴕҡ ֯ᾈׄ ѵ Ѐ ҅ М ᾼ╬ᴥ Ȳ ὙϢ ᴟ

ю֯ ᾼ‹ד3000ֵ ҅Б ╬ᴥȴ ѻ ṿӣ ᾬᾼә Ἠὖ ẃ╬ᴥȲ ╥

ὑщ ╬ ᾼ ȴᴞ Sir Willian Henry Perkin֯ ד1856 Ὑ֥כᴥ ѿ∟Ȳ

ὑẔᴥ ȳᴥ ԓȳᴥḵ⇔ ȳכӐᵅ ֵ Ȳṿ ᴥכ֥ ֯

╬ᴥᾼ ӣМ ậ҅Ϡщ ᴥ ɎḚ ȳ ╡ ȳ Ȳ2009ɏȴ 

ᵀṿӣ֥כᴥ ᴟЭȲẔ Ȳ ὔі ӫ ȳ Ѭᴆ╬ ȳ

֚ Ϣ Ȳ Ϣ ᾼ ȳ ’ ᾼ Ȳ֥כᴥ ᾼׄԓ

ἤі ҅Ϣᾼ ᾃȲϢ Ở Ὅ֫щ ᴥ ȴЄֵ щ ᴥ ◖ȳ

ȳ ᴆ╬ȳᴥ ᴞ ȳẓצᴞ ᾼ Ằȳẓצ ֻᾼӢᾬҠ ἤế ד

ἤȳ ҠѿԛӢȲ ֵщ ᴥ Ӑṝ ẓצ’ ӣ Ȳ֪ױȲщ ᴥ

ӣ› ᾛȲֽ ₇ȳ ȳѡо ₇ȳ ₇ȳ ȳЏ ₇ȳ ȲꞋ

Ҡ ҅о ᴥ ȲṿϢ Ӣ♄Ḇ Ɏ ὺȳѵὺȳ ⁞Ȳ2010ɏȴ 
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2.1.1щ ᴥ ᾼи  

ҠѿṼ ẃ ȳ ᴥȳо ẃиכ ȴṼẃ и Ҡиכ ᾬᴥ ȳ ᾬ

ᴥ ȳ ᾬᴥ ế Ӣᾬᴥ ȲẔМѿ ᾬᴥ Ɫ Ɏῶ 2-1ɏȴ 

ῶ 2 - 1щ ᴥ Ṽẃ и  

и  ₇  

ᾬᴥ  Ѥȳ ȳ ȳ ȳּמῧȳӰ ȳ Іȳ╓ӧῧȳ ȴ 

ᾬᴥ  ȳ מּ ȴ 

ᾬᴥ ȳ+ש  о ȳϡ о ȴ 

Ӣᾬᴥ מּ  ȳ ᾭ ȳ Ѫ э ȳ ᴥḐ ȴ 

ẃ Ȼѵ Ɏ2010ɏ 

 

Ṽ ╬ᾬἬ ᴥẃи ȲҠиמּכᴥȳ ᴥȳ ᴥȳ ᴥȳ ᴥếᴊ ᴥȲ

ẔМѿ ᴥếּמᴥ ֵȲ ᴥȳ ᴥế ᴥ юȴЛ Єֵ щ ᴥ ֪Ɫ

⇔Ἠ  ІᾼЛ֝Ȳᴖ Ẕᴥ ȴи ᶮֽῶ 2-2ȴ 

ῶ 2 - 2щ ᴥ Ṽ ᴥи  

и  ₇  

ᴥṆ Ѥȳמּ ȳּמῧȳ ȳּמ ȳ ȳ ȳ מּ ȴ 

ᴥṆ ȳ Іȳ  ȳ ῧȳЄ ȳӡ ȳ◦ ȳ ῧȳ ȴ 

ᴥṆ ȳ ȳ◊ ȳ ȳ Ѥȳ ІὨӫȳ ȳ ȴ 

ᴥṆ ȳѤ ȳ ȳ ȴ 

ᴥṆ ȳ ȳ ȴ 

ᴊ ᴥṆ Х Іȳ Ṕȳ ᶠ ȴ 

ẃ Ȼ ѝ ϢɎ2006ɏ 
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֯щ ᾬМἬᵶᾼщ ᴥ ╥иṳЛכ ϚᾼȲ ╥ֵ о֥ᾬȲẔМצ

Ϛṷ╥ о֥ᾬȲᴥ ᾼ Ӑ ᴖậ҅֝ד Л֝ȴṼщ ᴥ о Л֝Ȳכ

ҠиⱢ ȳ ȳ ȳ ȳ₰ ȳ ȳ

Ԛϝ Ɏῶ 2-3ɏȴ 

 

ῶ 2 - 3щ ᴥ Ṽо иכ  

и  ₇  

 ȳ ῧȳמּ Ӟ ȳ Іȳּמ ȳ ȳ Пӧ ȴ 

 ◦ ȳ ῧȳ╫Іȳ Ѥȳ ȳ ȳּמῧȳ ȴ 

 ȳЄ ȳ ȳ מּ ȴ 

 ╓ӧῧȳ ȳ ȴ 

 ȴ 

 ȳѤ ȳ ȳ ȴ 

 ȳ ᴥҠ ᾬП ȴ 

ẃ Ȼ ὺȳѵὺȳ ⁞Ɏ2010ɏ 

2.1.2щ ᴥ ᾼ  

щ ᴥ Ϡщ ȳ ȳᴥ ᴞ ѿҵȲ Ϛṷצ ᴥכ֥╥ Ἤ ᾎ

ѩ ᾼȲһЛ ẓצ╬ᴥғ Ȳ֝ ẓצẔ҃ᾼ’ ғ ȲẂֽ ╥

Ӣ Aᾼ› ᾬ Ȳ֝ ếїᴨ צ ṮᵂӣȲҠ Ɫ Ғ ȴ

Ҡѿ Ɫ ₇ ᴥ ế ȲẓצѦᴨ ᾣᾼᵂӣȲ֯ ϱӣ

ὑᾙ оἤ Ȳצṿ︢ ֥ᾼғ ȴ Іᴥ ᵓᶟȳצ ᾣȳѦᴨ

ᾼғ ɎТ  ϢȲ2006ɏȴ צ ᵅᴨ ếѦᴨᵂӣȲ   ᴥ ȳ

қ҃ ȳῐᾣ ϚứᾼḀạצ ὨɎ Ӗ ϢȲ2007ɏȴ Ϛ ϢɎ2002ɏ

ϫϡ ᾬМ ậщ ᴥ ȲׁשṅẔ ⱢṮ Ҡ ἤȲׁשṅ Ὠ ᴥ
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ᴥ ֵ ᾼḀạ Ὠ−ֻȲ ᴥ Є ế  ᴥ Лצ ᾼ

Ḁạ ὨȲ ᴥ  ϚứᾼḀạᵂӣȴѵ№Ɏ2002ɏצ ῧ ȳ ȳ

ế ϫҳ ӣщ ᴥ ᾼᶼ о♄ἤ ᴩׁשṅȲ ᴥ

ȳ ᴥ ȳҠҠᴥ ȳ ӫᴥ ế◦ ᴥ ẓצ ᾼᶼ о♄ἤȲᴖ

ᴥמּ ȳ ᴥמּ ȳ І ᴥ ế ᴥמּ ẓצϚứᾼᶼ о♄ἤȴ 

щ ᴥ Лᵀׄԓȳᴥ ▄ếᴞ Ȳ֝ ẓצϚứᾼᶼ оἤ ȴ֯ ӣ

ᴥ Ѡ Ȳщ ᴥ Ϡ Ɫ ₇ ᴥ ПҵȲ ╥ ֻᾼᶼ о ȲϷ

ӣẞᶼ ᴔᾼ’ ₇Ȳӑẃ֯ ӣщ ᴥ Ѡ ȲҠѿᴕ һֵғ ᾼ ᴖ

ҒᵓӣȲ ҒẔ Ғ ȴ 

2.2щ ᴥ ӣὑ╬ Пׁשṅ 

Ӏ ϱ╬ ᾼѻ ╬ᴥכи ╥ѿ֥כᴥ Ɫѻ☼Ȳщ ᴥ ╬ ᾼ

₇ṳЛֵȲꜙᴟ и ₇ ╥ щ ᾬ╬ ȲᵀẔ ивכ Ғ

⇔ ᵅЛ ᾼо ᴥכ֥ Ȳṿ ῏֯ṿӣ∟ Ӣӫ ȳṝ Л

ᾭȲ ᴞАϱ ắ ȴ֪ױȲщ ᴥ ╬ ╥ӑẃᾼ Ѡ֣ȲױѠ ᾼׁש

ṅϷ ẃ ֵȴ ϢɎ2009ɏѿщ ᾬᴥ Ẑ Ɫ╬ᴥ Ȳ о Ɫ

╬ Ȳ֯ pHⱢ 9Ȳ ⇔ 60̆ Ȳ╬ᴥ Ɫ 30и ᾼ ԈϯȲҠѿ Ӫᴥ ѳ

Ѫ╬Ɫ ᴥȲӣ♃ ♃ Ȳ∟װ7 ᴥ 7˛ȴ ϢɎ2009ɏѿщ

Ѥᴥ Ɫѻ ╬ Ȳщ Ѥᴥ Ӫᴥ ѳѪẓצ᾿ ╬ᴥ ὨȲ

Ҡѿ╬כ ᴥṆԝȲҒϱמּ ╬ Іế ІҠѿṿѪ ᴥ ֣ ᴥȲ

ІҠѿṿѪ ֣ ᴥȲẔМ ⇔ế ╬ ⇔╥ ᴥᾼ ֪ ȴѵ

Ɏ2005ɏѿ ȳ Ѥщ ᴥ ⱢҙӘϵἤ╬ ᾼ ѠׁשṅȲ Ẓױ῀

щ ᴥ ╬ ֪Ɫ Л֝ᴖ ӢЛ֝ᴥדȲṳѹҠѿ ѿϱᾼѬװ8

♃ȲẔМѿ pH5ȳ Ѥ pH7ᾼֹוѬ♃ ḵ⇔ ṾȲױẒ щᴥ Ҡѿ Ɫҙ
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Әϵἤ╬ ᾼ Ѡȴ 

ӭ›Ӏ ϱ╬ᴥ Ὠ ֻᾼщ ᾬ╬ HennaϠȲHennaҪ ╓ӧ

ῧȲϢ ṿӣ Hennaẃ╬ᴥБ ϵᾼ−צ ҭȲῺХϾד›ᾼ цϢ ӣһẃ╬

ȳӫ ế╓ӧɎAnthonyȲ2001ɏȴHennaҬ כ╬ ᴥȲӀמּ ϱ

HennaҠѿ כ╬ ᴥἨ ᴥᾼȲϚứ֯ ϠẔ҃ ᾬ╬ Ἠ ֥

ἤо ₇ȴHennaṳЛ ȲᵀҒϠ  оᾬἨ para-phenylenedmine

Ɏ PPDɏᾼ Ѡ╓ӧῧ╬ Ҡ

Ɏhttp://thebeautybrains.com/2008/04/01/henna-and-other-natural-plant-hair-dyes/ɏȴ

Ϡ HennaѿҵȲӀ ϱ Ẕ҃ᾼщצ ᾬ╬ Ȳи ֽ∟ȸ 

1. HennaȲһᾼ Іᵶצ ╬ иІȲ ϱ ὑ ╬ Ȳһᾼѻ

╬ᴥכи╥╓ӧῧ ɎLawsoneɏȲ иכ Ӫ ᾼֻ−צ ế

ϩȲIUPCAỄ֤ 2-Hydroxy-1,4-naphthoquinoneȲ ᷂ כ╬ ᴥȲמּ

ẓצ ҵ ᵮןᾼἤ Ȳ Ṯ Ԍȴכ ֽה 2-1Ἤӱȴ 

 

2 ï 1 ╓ӧῧ  

ẃ ȸ ᴍּד 

2. ɎWalnutɏȲϭҪ Ȳ╥ ὑ דּ ɎJuglansɏ ᾬᾼ

ȴ ᾼ ІἨ ᴥ Ҡѿế Henna ֥ ҏ ᴥ╬ ȴ

╬ ᾼѻ ╥иכ ɎjugloneɏȲһᾼиІѩ Henna ЄȲIUPCA

Ễ֤ 5-hydroxy-1,4-naphthalenedioneȲ֯ ϱһṳЛ╥Ϛ ═ϵ₤ᾼ╬

http://thebeautybrains.com/2008/04/01/henna-and-other-natural-plant-hair-dyes/
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Ȳһ ế HennaϚ ֥ṿӣȲ Ḇᶶ╬כ ᴥȲᵀ╥һᾼ

ϩḥצ Hennaֻ ȲᴖѹҠ і ч ȴ ֽה 2-2Ἤӱȴ 

 

2 ï 2  

ẃ ȸ ᴍּד 

 

3. ɎIndigoɏȲ╥Ϛ ᴥ╬ Ȳһế HennaЛ֝ѩẂᾼ ֥Ҡѿ

Ӂế כ╬ ᴥẞ ᴥȲᵀ╥ IndigoҬ ӫ ╬ Ȳḥ ᾎ ӫ

╬ ȴ 

4. Ẑ ɎCatechuɏȲ╥ ὑṗּד ֥ ᾼ ᾬȴẐ ậᴞ Ourouparia 

gambirế Acacia CatechuẒ ᾬȲOurouparia gambir ᴥ╬ Ȳ

Acacia Catechu ᴥ╬ ȴẒ῏ ╥ ὑ ╬ Ȳ Ẓ

ᾬ ậ ế Henna ֥Ҡѿ ҏ֢ ᴥ Ȳѩֽ  ᴥȳ

ᴥế ᴥȴ 

5. ϧѤɎCassiaɏȲ╥ ὑ ╬ ếᵶצ о֥ᾬȲҠѿ╬כ 

ᴥȴ 

ῧɎSaffronɏȲϭמּ .6 Ɫ Sadr,Ҡѿ   ᴥ ╬ ȴ 

7. ◦ӡ ɎChamomileɏȲϷ╥   ᴥ╬ ȲᵀṳЛ╥ צ Ἠ═ϵȴ 

8. Є ɎRhubarb RootɏȲצ ế HennaϚ ֥  כ ᴥᴥ

Ɏhttp://www.hennaforhair.com/science/ɏȴ 
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ӦϱҠ Ȳ͂щ ᴥ ẓצ╬ ᾼғ ȲҠѿậ҅ẓצ ἤᾼ֥כᴥ Ȳ

ᾼ Ȳ Ғщ ᴥ ╬ ₇ᾼӀ ȴӐׁשṅ ậ╓ӧῧȳ ȳ

Ѥȳ ȳẐ щ ᴥ Ȳ ᴥ ᴩ ᴥ ȴ 

2.3  (shellac) 

Ӑ ѻ ᴥ ẃ Ɫ ᾬἤ ᴥ Ȳѿϯиᵑ ȸ2.3.1

Ȳ2.3.2 ᾼ Ȳ2.3.3כ ᾼ ӣȲ2.3.4 ᾼᴥ  Ԍȴכ

2.3.1  

Ȳ╥ ὑὖ ֝ ӭ ᾼϚדּ ὖ Ȳ ֤Ɫ Laccifer lacca keerȲ

ᵑ֤צ ȳ үȲү ПⱢɦ ɧɎ Ὥȳ ṃȲ2002ɏȴ

Ӣ֯█ṷ ᾼὬ ϱȲֽ Ὤȳ ȳ ȳ ȳ Ȳᵮ

ә о∟Ȳ иᾆϚ ᴥщמּ Ȳ Ɫ ȲϭҪ Ȳҡ҅ ⱢṚ

ȳṚ ȳ ȳ ȳ ȳ ȳ Ɏ ◙ Ȳ2002ɏȴ 

₤−ЊȲӢ  иⱢᵜȳӃ ȳ ȳכ ◕Ȳכ Ɫ

₤Ȳ ӢỆ ֯ Ӣ ᾬϱȲ֪Ẕ цṜ Ꞌѿ оȲ ⁄ ᴞӦ♄

ȲẒ῏ӻ ∟Ȳ ᵜ ὑ вȲ ֯ в ȴ о∟ᾼӃ ȲЄ

֣֮ҵᾧᴩ Ȳ ᾼ Ὤ ᴯᵮậ әȲ Ởᾆ Ȳ֝ иᾆӪ

ᴥ ȴ כ ế ᶁЛ ᾆ Ȳѻ כ иᾆ ȴᾆ ֵ Ȳ

ԓ ȲᶮכϚ ▀ ᾼ Ȳ ὬҔ Ɏ Ὥȳ ṃȲ2002ɏȴ 

ѿὍ ᴖṕȲ ϚדҠן ẒװȲиᵑ֯ ҅ếҍ҅Ȳ ҅֯ 9ᴟ

10ѣȲҍ҅֯ 4ᴟ 5ѣȴ ᴞ ὬậϯȲ Ɫ Ȳ┬ ҒЏѠᾎЛ֝ȲҠ

ẞѱ ȳ ȳ ᴥѱ ȳ ѱ ế Ӫѱ Ȳԛ ӣẞẔ֢҃ Ɏ

◙ Ȳ2002ɏȴ 
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2 ï 3  

ẃ ȸ ᴯẕ ᴯ ὨϤЀכ    

 

2.3.2 ᾼ  כ

╥Ϛ щ Ȳ╥ ὑ ᾬ ȴһᾼѻ иҔᵶכ Ɏ75

˖-85̟ ɏȳ Ɏ5˖-6˖ɏế ᴥ Ɏ4˖-8˖ɏȲױҵ Ϛṷצ ȲֽѤ

ѱȳ ȳ ȴ ╥ ᾼѻ иȲӂᶁиІכ ֯ 1000ҿҢȲиІ                                                                                                               

Ɫה C60H90O5Ȳ╥Ӧֵ Ὶ Ɏֽ ȳӁ ɏế ҙ

ᾼכ ֥ᾬɎ ȳ ȳѵ Ȳ2008ɏȴ֯ ᴥ ᵶ Ѡ ȲẔ

҃ѝ Л֝ᾼצ ȲҀ Ɏ2008ɏᾼ ᴥ ᵶ Ҝפּ 1.5̟ -3˖Ȳ Ὥȳ

ṃɎ2002ɏᾼ ᴥ ᵶ Ҝפּ 0.6̟ -3˖Ȳ Ẓ῏ᾼᵶ Ὼȴ 

╥Ϛ ֥ ȲҠиⱢ ϛ Ҡ иȲֽ ȳ ȳᾒ ᾼ

֥ᾬȲế ϛ Л ȳ Ҡ иȲֽ ế ȴ Ҕᵶ

ȳ ȳ ȳ ȳ ȳ ᴥ иȲẔМѿכ ᵶ ֵɎ

Ṹ ȳ М Ȳ2005ɏȴ 
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2.3.3 ᾼ ӣ 

╥Ϛ щ ȲһἬᵶᾼכи ȳ ế ᴥ Ҡѿ҉

иᵓӣȲ ӣ ד ᾛȴ֯ Ѡ ᾼ ӣȲ֪Ɫ וṏֻᾼֹצ ἤȳṮ

ἤц ◖ȳ ẛ ἤ Ȳ ֥ ᾬҔᴪἨ ϳ ѱṮ ᴪᾼḊ Ȳ

’ ᾬ ︢ и Ȳẞ вИи ᵮןȲ֝ צ ᾬЛṏ Ằȳ

ṮѦ ᾬắ ᾼ Ɏ ȳ ȳѵ Ȳ2008ɏȴ 

֪Ɫ צ ṏᾼכ ἤȲϭצṏֻᾼṮ ȳṮѬȳṮ ȳṮᾒ ἤȲ֪

ױ ӣ ᾛȴ֯ ₇Џ Ѡ ᾼ ӣȲ ֥ ᵂ ₇цѬὨᾼ’ Ȳ

ế Ὠ Ϡ ∟ȲЛᵀԏ‐ȳּר Ȳ֝ ҠѿἋ  ׀ ȳṮ ȳ

Ṯ ȳṮ ȴѬὨ ∟Ȳ Ḃ ҵ ȳ’═ ȳ ю ȳ

ḀạѬи Ȳצᵓὑ ế׀ Ȳ ѬὨᾼ ḆֻȲד ⇔Ḇ═ϵɎ ѷӖȳ

ȳ Ȳ2005ɏȴӡ ϢɎ2009ɏ Ӫ ᴩ ’

Ȳ ֯ ԈϯȲ ’ ᵅ ẻᵮ ⇔Ȳ ᾼѬи

ҷ Ȳ ═Ὠ ֻᾼв֯₇ ȴ֯ Ѡ Ȳ ȳ Ҡ

ⱶכ ᾼẠ ⅔ Ɏ ѷӖȳ ȳ Ȳ2005ɏȴ Ҡ ᵂכ Ȳ

ᾛ ӣὑѤ ȳ ẓȳἌ Ѥ ֮ὰϱȲ ѤḊиᾆᾬצṏֻᾼ⅔ ᵂӣȲ

ṿῶ ԏצ Ȳ ҒѤḊῶ ᾼ ⇔ȲṿПЛὔ ᶮȲ ѤḊצṏֻᾼ’ ᵂ

ӣȴ֯ѡӣоЏѠ ȲҠѿ ᵂכ ȳ╓ӧᾒȲϷצϢ ӣẞѲ

МȲѲ Мᾼ Ѳ ῶ ȲṿѲ צ ֻᾼԏ Ȳכ ẃḆԏ‐Ɏ ״

ϢȲ2010ɏȴ֯ Ṯ ṶЏ Ѡ Ȳѻ ӣὑύ ȳ ȳ ᾼṮ

ѿц ȳ    ᾼ ȳ  ⱶ ᾼ Ɏ ȳ ȳ

ѵ Ȳ2008ɏȴ֯╬ Ѡ Ȳ ᴥ ᴞҡ ╥ ṏᾼּמᴥ╬ Ȳ ӣ֯ ₇

╬ᴥȳ ȳ ӣᴥ цоᶉ₇ϱȴ֯Ẕ҃ ӣѠ Ȳ1898ẞ Пד1958 Ȳ
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╥ ѱᾼѻ ᵂḊ ȴ֪Ɫ ṏֻᾼצ ֥ϩȲ ᾛᾼ

ӣὑ֢ ᾒ Ȳ ӣ֮֯ὰ ȳ ᾒȳ ȳϱԏ ѿц ₇ Ғᾬ

ᾼԏ Ȳԏ ᾼӭᾼ֯ ═ ₇ҵ ᾼԏ Ȳ Ҡᾼ ₇ Ғᾬ С

E Ȳ ᾼ E Ɫ E904Ɏ Ȳ2010ɏȴ 

ӦϱҠ῀ ᾼ ӣ Ɫ ᾛȲ ȳ ᴥ ẞ ҉иᵓ

ӣȲϭ֪ẔⱢщ ᾬȲἬѿ П∟Ḇֻи Ȳ ᾼ ᵅȲҠ ╥

ᴥḊ ПϚȲ֯Ӱᾒ юᾼ ҅ȲἨ ֯Лϵᾼ ẃȲ ṷ ᴥḊ ϭ

ԛ⇔ắẞϢ ᾼ ȴ 

2.3.4 ᾼᴥ   Ԍכ

ᴥ Ɫ ᴥ Ȳᵧ ἤȲ֯Ѭȳӧ ȳ М ⇔ЄȲ ὑϛ

ȳѶϡ ȲЛ ὑϛ ȳ צ ἨϢЏо ᾼכ֥ Ὶ ȳ Ὶ Ȳ

ѻ Ҕᵶ ᴥמּ ế ᴥ Ẓ ᴥ Ȳ ᴥמּ ϭ ᴥ Ȳ

ᴥ ϭ מּ ȴ 

ᴥמּ ɎLacciac acidɏ֯ Мᾼᵶ ֵȲּפᴾ 1.5̟ ~3̟ Ȳ╥Ӧ

ᴥ AȳBȳCȳDȳE ᾼכ ֥ᾬȲẔМ ᴥ Aᴾ 85̟ ȴһὔ ὑѬȲ

֯Л֝ᾼ pH М ᵧ Л֝ᾼ ᴥȲpH4 Ɫ ᴥȲpH6 Ɫ ᴥȲpH8מּ

⁄Ɫ ᴥȲמּ ᴥ ֵ оȴ֯ ἤЮ М ứȲ ֪Ɫ֯Л֝ ἤ

ᾼѬ МᴖḂ ᵮԏפ ᾼ Єᵮן ȴᴖ ᴥ ᵶ −юȲּפҬᴾ 0.1

˖ȲЛ ὑѬᵀ ὑϛ ɎҀ Ȳ2008ɏȴ֪ ᴥ ᵶ ֯ыюȲ ậ

Л Ȳ╝Ӑׁשṅѿ ậ ᴥמּ Ɫѻȴ 
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Ẕ Ɫȸ 

ᴥ A  R=-CH2CH2NHCOCH3      MW537 

ᴥ B  R=CH2CH2OH           MW496 

ᴥ C  R=CH2CH(NH2)COOH    MW539 

ᴥ E  R=CH2CH2NH2                MW495 

 

 

ᴥ D                                           MW314 

 

 

 

 

2 ï 4 ᴥ  

ẃ Ȼ(Montra Chairat, etl, 2004) 
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2.4щ ᴥ ậѠᾎ 

щ ᴥ ὑ֯׀ ᾬȳ ᾬȳ Ӣᾬế ᾬ щ Ḋ МȲ֪ױȲֽᴶ

ṷщ Ḋ М ậᴥ Ȳ ╥∟ ӣᾼ ϚḔȴϚ щ ᴥ ᾼ ậѠᾎצѿ

ϯ ȸ 

1. ậᾎȲѻ ╥ ậ Ҡ ᾼᾬ Ȳ ӣᾼ Ѭȳӧצ ȳ

ϛ ȳѶ ȳϛ ѿ Ȳ Ṽ ậᾬ ᾼἤ ᴖ ṿӣȴױѠᾎᾼ

צ ȳ ậ Ӑᵅכ ȳ ᵂ ὔᴩȲᵀ ╥ ậ  ȳ

₇ ЛṾȳצ ẰἨ ᾼ Ȳ ₇ᾼ ӣ Ɏ ӂȲ

2007ɏȴ 

ה .2 ậ╥ ὑ ậᾎᾼϚ Ȳһᾼ иכϮ иȲϱѠ╥ᵐ Ȳ

М ╥ ה ậ ȲϯѠ╥ Ȳ ậḊ Ӓӣ Ὦ ὍϤ ѫ вȲ

Ὅ֯ вȲӦҒ ҔҒ Ȳ П Ӧ ה ậ ᾼ ϱсᴟ

ᵐ Ȳᵐכ Ϥ ѫ вȲ ậἬ ᾬ Ȳ∕ ậ ὑ ᵮ

Ȳᵛ Ӣ ᵮ Ȳ☼Ϥ МȲֽױч ậȲ ∟ ậᾬ

Мὑ вȴһᾼ ╥Ϛ᷅ Ҡѿч ậȲ ע ӣ ȷ

ẞ ᾚȳἼ ȳ֫ןϚװᶙכȲעҟ ậᾎḆ ᾼ ȷϭ

Ӧὑһ╥ ậȲҠѿ כ ế Ȳ ᴖ с ậ ȴᵀ ậ  ȳ

Л ֥ ậ ἤᴥ ⱢẔ Ɏ Ȳ2011ɏȴ ȳᵦ֝Ɏ2006ɏ

ӣ ה ậᾎȳ ᾌ ậᾎế ᾌ ậᾎ ậ ᴥ Ȳ ӣᾼ Ӱצ

ᾒ ȳϛ ϛ ế 95̟ ᾼϛ Ȳ Ὠѿϛ ϛ Ɫ Ȳṿӣ ה ậᾎ

ậᾼᴥ ᵶ ȴḈ ϢɎ2010ɏᵓӣ ѫ ậᾎ ậ ᴥמּ Ȳ

֯Л֝ᾼצ ếЛ֝ᾼ ậ ԈϯȲ ậᾼᴥ ᵶ ᴩѩ Ȳ



 

-17- 

 

Ὠѿ 99.5̟ ӧ Ɫ Ȳ֯ 95̆ ϯ ậ 4Њ ᾼᵶ Ȳᵶ 13.24

˖ȴ 

 

 

 

2 -5 ѫ ậ  

ẃ Ȼ ᴍּד 

 

 

 

3. ᾌ ậᾎȲѻ ╥Ӧὑ ᾌ ᾬ П ᾼדФᵂӣȲ Ӊ ṆỆצ

ᾼדꜜ ӂ Ȳṿ ꜜ Ȳӭ ᾬ иІ Ệ ῶ иІᾼ ֥

ȲҒ ӭ ᾬ ᾼи Ȳ ᴖ ậ ȴ ╥ ȳ ȳ

ậ ȳ ֥ ậ Л ứᾼכиếṿ ậᾬ ЊɎ ϢȲ

2009ɏȴ ᴝ ϢɎ2005ɏׁשṅ╓ҏᵓӣ ᾌ ậ ᴥ Ȳ ậ

ὑ ậᾎế ѫ ậᾎȲѹҠѿὙ ᾼ ᴥ ᾼ ậ ȴ

ϢɎ2010ɏѿ ⇔ 40̟ ᾼϛ Ȳ ѩ 1ȸ15Ȳ ⇔ 60̆ Ȳ ᾌ 200WȲ

ᵐѬ  

Ѭҏ 

 

ậ  

Ғ  
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40kHzȲ 60и Ȳ ậ Ȳװ3 ᴥ Є и Ҡ ậẃȴ

ϢɎ2009ɏׁשṅѿ ᾌ ậᾎ ậᶿ ῧᴥ Ȳ ậ Ɫ 24,28̟ Ȳ

ẔМ ѩ ậ ᾼ Ȳ ậ ế ậ ⇔ᾼ Њȴ

ỵ ϢɎ2008ɏѿ ІӫⱢ Ȳӣ ᾌ ậ ӫ ᴥ Ȳׁשṅҏ Ṿ

ậ Ԉ╥ѿ ⇔ 50̟ ᾼϛ Ɫ Ȳ֯ pH3ᾼ ԈϯȲ ⇔

60̆ Ȳѿ ᾌ 60и Ȳ ậ Ὠ ṾȲѹ ӫ ᴥ ֯ ἤ Ԉϯ

ứȲpH3 ᵮԏ⇔ ЄȲ כ ἤ ӫ ᴥ ẓצ ᴥ Ὠȴ 

4. ᾌ ậᾎȲ ᾌ ᵶ ἤиІᾼᾬ ᴩᵂӣ Ȳ Ғ ч ᾬиІ Ȳ

‚ṿиІ ȳ Ἠ Ȳ в ᾼ Ȳ ᵅϠỆ ᾼ

 ϩȲ֝ Ӧὑ ᾌҠּז ậᾬ Ȳ᾿ ᵂӣὑᾬ в Ȳṿв ⇔ṣ

ϱсȲ Ғ ậᾬ ֯Ю Мᾼ ⇔Ȳṿ ậ ế ȴһᾼ

צ ᵅ ậ ȳ ế ậᾬ ᾼ ⇔ȳ ע ế ᾼ

ɎḈҾⱷȳḈ Ȳ2005ɏȴḈҾⱷ ϢɎ2002ɏѿѬⱢ Ȳӣ ᾌ ậᾎ

ậ▬ӫМᾼщ ᴥ Ȳ Ὠ ӣ ᾌ ậᾼ ╥ Ғ ậᾼ

30 Ȳѹ ậᾼᴥ ⇔ ȳ юȴ 

5. ậᾎȲ ὑ Ҕ Лὔ ậᾼᾬ Ҡӣ ậᾎȲẂֽ ӣ

ȳҙ ᾬ Ȳṿ Ӣᶝ Ȳ Ϡ

Ȳṿצ иכ ѿ ҏẃȲ ᴖ ᴥ ᾼ ậ Ɏѵ ȳ   ȳ

ὠ Ȳ2008ɏȴ ᾼ ȳ ȳ ⇔ȳ ц ╥ ậ

ᴕ ᾼ ȴ 

6. ꜜ ậᾎȲѻ ᵓӣ ⇔ȳ ϩ ὑ ꜜ ᾼ ꜜ☼ Ɫ ẃ

ậᾬ Ȳӭ›╥ѿ CO2Ɫѻ ậ Ȳ ֥ ậ ἤȳ ἤȳ

ἤᴥ ȲẂֽ מּ ȳ ȳ מּ ȳ Ȳ צ ậ ȳ

ậᾬ ⇔ȳ ậᾬὔ и ȳḥצо ᾼ ȳҠ ᵍ
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ậᾬ֯ ϯи Ȳ’ ᾬ ᾼӢ ♄ἤ Ȳᵀ ᷾ Ӑכ Ȳ ạϠ

ᶾ ֯Џ ϱᾼ ӣɎ ϢȲ2009ɏȴ 

ḕ ậѠᾎ Ẕצ ȲӇ Ṽ ậᾬ ᾼ ἤᴖҒѿ ӣȲ

ẞ ậ ȳᵅכӐϭ₇ ֻᾼ₇כȲ⁄Ɫֻᾼ ậѠᾎȲ ẃϷИḆ ὔ ӣ

֯ ₇оϱȴ 

2.5 ᴥ ậѠᾎ 

ᴥ Ҕᵶ ᴥמּ ế ᴥ Ẓ ᴥ Ȳ╥ ὑ ᴥ Ȳ

Мᵶצ ֵᾼ ế Ȳ Ѭἤ Ȳ ἤ Ȳ֯Ѭȳӧ ȳ Мᾼ ⇔

ЄȲ֯ϛ Мᾼ ⇔Њȴԛ иẃ Ȳ ᴥמּ Ҝ Мᾼ 1.5̟ ~3̟ Ȳὔ

ὑѬȲ֯ ҒЏᾼ МȲ Ѿᶙԓ ὑѬМȴ ᴥ ᾼᵶ −юȲ

Ҝפּ ᾼ 0.1̟ Ȳ╥Л ὑѬᾼᴥ ȴ 

ᾼ ᴥ ậѠᾎȲ╥ן ҒЏᾼ›Ϯ ♃ᴥѬȲҒ 1˖~2̟

pHᴟ 4~4.5Ȳ Ӫ и ȲἼҏϱ Ȳ Ȳ ҒϤ

pHᴟ 5.5~6ȲҒҟ   Іᾼ ế о Ȳ Ἧ∟ ṿᴥ ḛ Ȳ

8Њ ∟Ἴҟϱ Ȳ Ἠ їȲ Ҡ ҟḛ ᾬМᾼѬиȲҒ 5˖ᾼ

ὑḛ ᾬМȲ pHᴟ 0.5~1.0ҿҢȲ 24~48Њ Ȳέҏᴥ Ȳ ậ

ӣ ♃ Ȳԛӣװ2~1 Ѭ♃ᴟ Ȳ Ȳ ẞ ᴥ Ɏ Ȳ2004ɏȴ 

Ҁ Ɏ2008ɏԒ Ȳӣ Ѭ ậȲ ậᾼ♃ᴥѬҒ оȲ

ȲҒ о ṿᴥ ᶮכ ḛ Ȳ Ȳч ӣѬ♃ ᾿ᴟ♃ Ɫ

ѦȲ ∟Ғ 5 ᾼ 3N Ȳ pH ᴟ 0.5~1.0Ȳ Ȳ Ȳ ȲӣѬ

♃ Ȳ ⇔ 50̆ Ȳᵛ ᴥמּ ȴ 

 ѬɎ1974ɏ֯ М Ӗ ᵓ ῶ Ѭ ᴥ ПѠᾎȲ

Ѭ ∟Ȳ Ѭ֯ ᾼ pH ϯҟ Ӫ ∟ȲҒ о ȳ
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о Ἠ ἤ Ȳṿᶮכ ȳ Ἠ Ȳԛ pH ȲҒ

ᴥ ȴ 

ѿϱϮ ѠᾎЄ Ȳ֝ד ╥ӣѬ ậȲҒ о ṿᴥ ḛ ȲԛҒ ṿ

ᴥ Ӣ ȴһᾼ ╥Ḕ ὔᴩȳכӐᵅȳ ⇔ Ȳᵀṿӣ ֵᾼо

ȲἢצἬ ᴖ Ϣ ȴ 

ҫϚצ ѠᾎȲ╥ѿӧ Ɫ Ȳṿӣ Ғ ậ ậȲ ⇔

70̆ Ȳᵐ и ҏẃȲ Ȳӣ ậ Мᾼ

∟ ᾬ ȲԛҒϤ ȲṿẔ Ӣḛ Ȳ Ȳ ḛ ᾬ♃ ȲᵛⱢ ╬

Ɏ ῠ ϢȲ2005ɏȴ 

Ɏ2004ɏ ҏ ᴥ ậѠᾎȲ Ԓ ȲṿẔ Њὑ 1mmȲ

֝ ╥ѿ ѬⱢ Ȳ┬ ѩ 1ȸ6ᾼѩẂҒϤ ѬȲѿ 50̆ Ѭ ṳЛ

Ἧ 6Њ Ȳ Ȳ ѿ֝ Ԉԛ ậẒװȲ ϮװἬ ֥ẆȲ Ȳ

8~12Њ Ȳ ῈἼ ẒװȲ pHᴟ 5.5Ȳԛ ᴩ Ḕ Ȳ Ȳ

Ȳ ẞ ᴥ  ₇ȴכ

Kamel, etlɎ2005ɏ╥ ӣ ᾌ ậᾎ ᴩ ậȲѿ ѬⱢ ậ Ȳ

֯Ѭ Мᾼᵶ Ɫ 8˖Ȳ ᾌғ 500WȲ ⇔ 80̆ Ȳ 40и ȲױⱢ

Ṿ ậ Ԉȴ 

Paisan, etlɎ2002ɏ╥Ԓӣϛ ѿ ѩ 1ȸ3 Мᾼ Ȳ ϫХ

и Ȳ ∟ҟ Ȳ ϯᾼ ԛӣ 10 ᾼ Ѭ ậ 24Њ Ȳ

ᴥ ȴ 

֥ѿϱᾼ ậѠᾎȲ ȳ ᵅכӐȳ ֥ ӣᾼ ḖȲ ╥ֻ

ᾼ ậѠᾎȴӐׁשṅ ѿѬⱢ Ȳ ϠѬ ậȳ ᾌ ậҵȲ ѫ

ậế ᾌ ậȲҫҵѿ ᴥ ὔ ὑӧ ȳ ᾼ ἤȲѿѬ Ɫ ậѠהȲ

ѿӧ ȳ Ɫ ᴩ ậȲԛ ậҏẃᾼ ᴥ ᴩѩ ȴ 
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2.6 ╬ ɎMordantɏ 

╬ ╬֯ ϱПᾬ Ɫ ╬ ȴ ╬ ╬ иІ Ӣ ᴖ֯

ϱᶮכЛ П╬ Ȳ ᴥṼ ╬ П  ᴖứȴ П ╬  צ

оᾬȳ ȳϮ ֥ᾬ Ɏ ϢȲ1992ɏȴ 

AnthonyɎ2001ɏ ҏϚ ╬ ἘȲ Ɫ ạpH ȳ ֥Л֝ᾼᴥ ếҒϤ

╬ Ҡѿ ᴥḆֵ оȴᴖ֯ ╬ Ѡ ∂ Ҡѿᴕ ṿӣᾼ ╬ Ὑצ

ȳ Ṹ ȳ оṸ ȳ ế Ɏ ɏȴṿӣὙ ѩ Л

ᴥȲᵀ ϱ╬ Ḇᶁлếṿ ᴥὙ‐Ϛ ȴṿӣ Ṹ ế ṿ ᴥ Ȳ

ṳ ҏ ᴥ ȴּמᴥȳ ᴥế ᴥᾼ ᾬ╬ ṿӣ оṸ ȴֽὨ

ẞ ᴥἨ ᴥȲṪ ╥Ϛ Л ᾼ ╬ ȴ 

( 2004)   І ᴥ ứἤᾼ Ȳׁשṅ╓ҏ Іȳ

Іȳ І ᴥ צ╥ ᾼȲᴖ Іȳ Іȳ Іế І

ᴥ ᾼ ứἤЛ כ ȴẔМѿϮ Іᾼ ЄȲ ІҒϤ

ᴥ ∟Ȳ ᴥӦ ᴥמּ Ɫᴊ ᴥȲ ֪Ɫ ᴥ ế І Ӣ

֥ᾬἬ ȴ 

    PaisanɎ2002ɏׁ֯שṅ ᴥ ֯ ϱᾼ╬ᴥ ϩ ᾼ МȲṿӣ

memecylonᾼ щ ╬ Ȳ ᾎ╥ӣ2есᾼѬ 500еᵌmemecylonᾼ

90и Ȳ Ϛ ᴥᾼ ȴPaisanɎ2002ɏׁ֯שṅМ╓ҏ ╬ᾼ ֯

ṿӣ ╬ П∟ ᴥ Ȳṿӣmemecylon ╬ ᾼּמᴥ Ȳ

ṿӣmemecylonếtamarindᾼ ֥ᾬ ╬ Ȳ ṿ ᾼּמᴥḆ ứȴṿӣ

tamarindȳӧ ȳϛ ȳἨ Ӱ ṿ ᵧ ᴥẞמּ ᴥᾼᴥ ȴṿӣὙ ṿ

ᵧ ᴥ ȴ ᾶɎ2003ɏ щ ╬ ҅о ╬ П ᾬᴥ

╬ᴥȲᵓӣ֢ ᴊ ȳ Ёȳ щ ╬ ᴩ Ȳ ṷщ ᾬМ
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ᵶ֢צ Л֝ᾼ ȳ ȳ ȳ ȳ   ІȲҠѿ ᴥ Ӣ ȴ М

Ṿᾼ›Ϯ М צ ᴊȴᴖѝМ щ ╬ᾼᴥ ȳᴞ ȲἏἏ╥

о ╬ ᾎ ẞᾼȴ 

    ṈІ Ɏ2006ɏ ҡ҅ᾼ╬ ế╬ ᴩѩ ṅȲשׁ ὙẒ῏╬ᴥ

ȴМ֝ד ᾼ Ѕἤӣ ếӰ ӫ ᴩ╬ Ȳ ᾼ ╥╬ ᵗᴥ Ȳ

ᴖӰ ӫᵶצщ Ȳщ ế ᵂӣҠѿ Ѳ Ἠ ╬ ȴҡ҅ѡ

ӐЅἤϷ ᴩ╬ Ȳ҃ ӣщ Х І ᾚ ѱ ֥ ᾼכ ᴥ ȲҠ

ѿ Ѳ ế ╬ ȲẔМХ ІᵶצХ І Ȳ╥ ᾼϚ ȴ 

    ֥ѿϱ ȲӐׁשṅ Ϯ о ╬ ếϮ щ ╬ ᴩ ╬

ȴ֪Ɫ Іȳ І ᴥ צ╥ ᾼȲ֪ױ Ṹ ȳ о ế

Ὑ ẃ ᴩ ╬ ȴ֯щ ╬ Ѡ Ȳ ᴊếХ І ᴩ ╬Ȳ

∟ԛ ὨҒѿиέ ȴ 
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Ϯ Ḋ Ѡᾎ 

3.1 ₇ 

1. Methyl Alcohol, (99.9% + v/v), Merck 

2. Acetic Acid, ѡӐ Џ ה ῂ 

3. Natural Red 25, SIGMA 

4. Ferrous sulfate heptahydrate,Ɏ98%ɏ, ϵ Џ ה ῂ 

5. Aluminum Potassium Sulfate,Ɏ99%ɏ, ϵ Џ ה ῂ 

3.2Ḋ  

1. ᴥ Ϣ ѱȲ ố צ еҨȲ30cm×30cmȴ 

2. ϢӪ Ȳᴞᴩן ȴ 

3. Ȳᴞᴩ Ȳ ֮ȸ Ȳ7ѣ~12ѣ 

4. Ȳщ Џᵽȴ 

5. ╓ӧῧ Ȳщ Џᵽȴ 

6. Ȳщ Џᵽȴ 

7. Ȳщ Џᵽȴ 

8. ѤȲМ ᴩȴ 

9. Х ІȲМ ᴩȴ 

10. ᴊȲᴞᴩן ȴ 

3.3  

1. Ѭ ȸMillipore, Synergy 
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2. ҳᴯ ІщӂȸMettler-Toledo, B204-s 

3. ȸ צᶾדּ еҨ, RT-12 

4. ⌡ Ѭ : Dengung, G-20 

5. Ѭ ȸFirstek, B603D 

6. Ἧ₤ Ғה ҔȸGlobal, Glhms-F100 

7. ᾌ ȸPanasonic, NN-SD688 

8. ᾌ♃ ȸElma, Elmasonic S Series 

9. ȸEyela, SB-1000 

10. ᵅ ᵐ ȸSanyo, MDF-C8V1 

11. ҵԏ/Ҡṓԏԏ⇔ ȸHitachi, U-1800 

12. ȸHeidolph, Reax Control 

13. ⇔ ȸMeterLab® , PHM210 

14. ᵮ ȸGilson, Pipetman®P100 

15. ᵮ ȸGilson, Pipetman®P5000 

16. ȸDengyng, DOS60 

17. ⌡ ȸDengyng, DB-30 

18. ᴥ ȻPhoto Resesrch , PR650 Spectra Scan 

Ӱה .19 йѱ ȻLeica, RM2125 RTS 

20. ԏ ȻHamlet, SMK 1600T 

21. ӁȻFinn Chambers on Scanpor(100ɾ10 chambers) 
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3.4 Ѡᾎ 

3.4.1 ☼  

 

 

 

 

 

 

 

 

 

 

 

 

 

3 - 1 ☼  

Л֝ѠᾎП ᴥ ậ 

ᴥ ᵶ ứ 

ᴥ ╬ ᴥ Пׁשṅ 

ᴥ ╬ ╬ Ὠиέ 

ᴥ ╬

צ ἤиέ 

ᴥ ╬

ׄԓἤиέ 

ᴥ ╬

ἤиέ 

ᴥ ╬ Ӫ ╬ᴥ Ὠиέ 
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3.4.2 ᴥ ậ 

֪Ɫ ᴥ ὑѬȳӧ ȳ Ȳ֪ױ Ϛ иȲѿѬⱢ ȲѿѬ

ậᾎȳ ה ậᾎȳ ᾌ ậᾎế ᾌ ậᾎҳ Ѡהẃ ậᴥ ȲѬ

ậᾎ ᴕ Ɏ2004ɏᾼѠᾎȲ Ԓ Ȳ ѩ 1ȸ6ȲѬ ᾚ ⇔ 50̆ Ȳ

Ѭ 6Њ ȲᵓӣἼ Ȳ ẞ Ϛװ ậᾼ Ȳ ѿ֝ Ԉ

ԛ ậ ȴװ2 Ϯװ ậᾼ ֥ẆȲ Ȳᵐ ẞ ᴥ Ȳ

M1Ȳ ẞW1ȴ 

ᾌ ậᾎ ᴕ KamelɎ2005ɏᾼѠᾎȲ ᾼ ֯Ѭ Мᾼᵶ Ɫ 8

˖Ȳ ᾌғ 1000WȲ ⇔ 80̆ Ȳ 40и ȲᵓӣἼ Ȳ

Ȳᵐ ẞ ᴥ Ȳ M2Ȳ ẞW2ȴ 

ה ậᾎѿ ѩ 1ȸ6Ȳ ᴩϫ֫װ ậᴥ ȴ ה ậᾎἬ П Ȳ

ᵐ ẞ ᴥ Ȳ M3Ȳ ẞW3ȴ ᾌ ậᾎȲ ѩ 1ȸ6Ȳ

650 WȲḕװ ᾌ 1и Ȳԅ 10и ᵐȲѿᵍѬи Ȳֽױ ᾌ Ȳװ5

ᾌ ҒԚד 5и ȲᵓӣἼ Ȳ Ȳᵐ ẞ

ᴥ Ȳ M4Ȳ ẞW4ȴȴ 

ϡ иȲ ậѠᾎỆứⱢѬ ậᾎȲѿӧ ȳ Ɫ Ȳ ѩⱢ 1ȸ

6ȲѬ ᾚ ⇔ 50̆ ȲѬ 6Њ ȲᵓӣἼ Ȳ ẞ Ϛװ ậᾼ

Ȳ ѿ֝ Ԉ ԛ ậ ȴװ2 Ϯװ ậᾼ ֥ẆȲ Ȳᵐ

ẞ ᴥ Ȳ иᵑⱢM5ȳM6Ȳ иᵑ ẞW5ȳW6ȴ 

Ϯ иȲҟ ᾼѠה ᴕ Paisan, etlɎ2002ɏᾼѠᾎȲԒӣϛ ѿ ѩ 1ȸ

3 Мᾼ Ȳ ϫХи Ȳ ∟ҟ Ȳ ϯᾼ ԛӣẃ ậ
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ᴥ ȴ ϯẃ ậᾼѠᾎ ӣ ᾌ ậᾎȲѿѬⱢ Ȳ ᾌғ

1000WȲ ⇔ 80̆ Ȳ 40и ȲᵓӣἼ Ȳ Ȳᵐ

ẞ ᴥ Ȳ M7Ȳ ẞW7ȴ 

 

ᴥ ậ =ɎW1~7/Wɏ×100% 

W1~7Ȼ ᴥ ᾬ  

WȻ  

 

     ῶ 3 - 1 ậѠᾎϚ ῶ 

₇   ậѠᾎ ╥ᵡҟ  

M1 Ѭ Ѭ ậᾎ × 

M2 Ѭ ᾌ ậᾎ × 

M3 Ѭ ѫ ậᾎ × 

M4 Ѭ ᾌ ậᾎ × 

M5 ӧ  Ѭ ậᾎ × 

M6  Ѭ ậᾎ × 

M7 Ѭ ᾌ ậᾎ O 

     : ҟ ѠהⱢṿӣ 95%ϛ ѿ ѩ 1ȸ3 Мᾼ Ȳ ϫХ

и Ȳ ∟ҟ ȴ 
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3.4.3ᴥ ᵶ  

Ӑׁשṅѿ C.I.Natural Red25Ɫ ₇Ȳиᵑ 0 mg/Lȳ20 mg/Lȳ40 mg/Lȳ

60 mg/Lȳ80 mg/Lȳ100 mg/LП C.I.Natural Red25 Ȳ 30и ȴѿи

ԏԏ⇔ C.I.Natural Red25 ֯ 490nmᾼᵮԏ Ȳᵓӣ ἤ ᾎ כ

ȴ 

ӣ KIRIYA оЏצ еҨᾼѠᾎȲṿӣ 0.1N-HCl ῈӪ Ȳ

ậᾬ M1ȳM2ȳM3ȳM4ȳM5ȳM6ȳM7Ɫ 0.1̟ ᾼ ᴥ Ȳ иᵑⱢ PC1ȳ

PC2ȳPC3ȳPC4ȳPC5ȳPC6ȳPC7Ɏῶ 3-2ɏȲ 30и ∟Ȳᵓӣиԏԏ⇔

֯ 490 nmᾼᵮԏ Ȳṳ Ἤ ẞПᵮԏ ҅Ϥϱ Ḗ П ȲḖ ֢

ậᾬПᴥ ᵶ ȴ 

 

           ῶ 3 - 2Л֝ ậѠᾎПᵶ ứ 

₇  ậѠᾎ ╥ᵡҟ  

PC1 ѿѬⱢ ПѬ ậᾎ × 

PC2 ѿѬⱢ П ᾌ ậᾎ × 

PC3 ѿѬⱢ П ѫ ậᾎ × 

PC4 ѿѬⱢ П ᾌ ậᾎ × 

PC5 ѿӧ Ɫ ПѬ ậᾎ × 

PC6 ѿ Ɫ ПѬ ậᾎ × 

PC7 ѿѬⱢ П ᾌ ậᾎ O 
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3.4.4ᴥ ᴥ⇔  

ѩ Ӏ ᴞᴩ ậᾼ ᴥ ֯ᴥ⇔Ɏcolor valueɏϱצ Ȳ

ᴩ ᴥ ᴥ⇔ ȴ Ѡᾎ╥ ӣ KIRIYA оЏצ еҨᾼѠᾎȲᵓ

ӣиԏԏ⇔ ( Hitachi, U-1800)ѿѩᴥᾎ ₇ᾼᴥ ᵶ ȴ ₇

ѠᾎⱢậ ₇ Ӓ 1gȲὍϤ 100mlứ вȲҒϤ 0.1N-HClᴟ 100mlȲ

Ȳӣ Ȳậ 10ml ֻᾼ ȲԛὍϤ 100mlứ

вȲҒϤ 0.1N-HCl ᴟ 100mlȲ Ȳᵛ ֻ ₇ Ȳṿӣ

0.1N-HCl ῈӪ Ȳ ᴩᵮԏ ᾼ ȴӐׁשṅѿ ӣ ᴥ П

ᴥ⇔ 3%Ɫ ₇Ȳиᵑ Л֝ẃ П ᴥ Ȳ иᵑⱢ S1ȳS2ȳ

S3ȳS4Ɏῶ 3-3ɏȲ 30и Ȳѿиԏԏ⇔ ₇֯ 490nmᾼᵮԏ Ȳ

҅Ϥеה ȴеֽהϯȸ 

Color Value(10%E) = (A490nm X 100 ) / W 

A490nm: Maximum absorbance of the test solution .(wavelength near 490nm) 

W:Weight of the test sample taken,in gram. 

 

ẃ ȸKIRIYA оЏצ еҨ 
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ῶ 3-3Л֝ẃ П ᴥ ᴥ⇔  

₇  ᴥ ẃ   

S1 ӣ ᴥ  Ӏ  

S2 Ӏ ╬Ӂ ᴥ  Ӏ  

S3 ᾌ ậᾼӑҟ ᴥ  ᴞᴩ ậ 

S4 ᾌ ậᾼҟ ᴥ  ᴞᴩ ậ 

 

 

3.4.5 ᴥ ╬ ᴥ Ѡׁשṅ 

Ӑׁשṅױ ◕ᾼӭᾼ╥ѿ ᴥ Ɫ ȲҒϤẔ҃ᾼщ ᴥ Ɏ╓ӧῧȳ

ȳ Ѥȳ ȳẐ ɏȲ ҏ ᾼ ᴥȲѩֽ ᴥȳ ᴥἨ ᴥ Ȳ

ѿ ֥ὧѠϢᾼ Ḗȴ ☼ ֽ 3-3ἬӱȲ Ḕ ֽϯȻ 

1. ѿᴥ ᴥ Ϣ ѱП ẃᴥ Ȳṳּנ Ẕ L*a*b* ȴ 

2. ậϱ Ṿ ậѠᾎᾼ ᴥ Ȳ ᴩ╬ Ȳậɦ ᴥ 5%ʞ

Ϯ҇ 1.5%ʞ Ѭ 93.5%ɧȲ 50͛ ȲӣẚІц Ӱ Ἧ лױ╬

Ȳ╬ ᴥ Ϣ ѱȲ C1ȴ 

3. ậɦ ᴥ 2.5%ʞщ ᴥ Ӓ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɧȲ

50͛ ȲӣẚІц Ӱ Ἧ лױ╬ ȴ 

4. ╬ ᶁл ἳ֯ ᴥ Ϣ ѱϱȲṿӣ⌡ ứ 40̆ ȲҒ

40и Ȳậҏ֯⅍ М 10и ∟ḤѬ♃ ȴ 

5. ѿᴥ ╬∟П ѱ ᴥȲṳּנ Ẕ L*a*b* Ȳ ȴ 

6. Ḕ 3Пɦщ ᴥ Ӓɧиᵑ╥ɦ╓ӧῧ Ӓɧȳɦ Ӓɧȳɦ Ѥ
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Ӓɧȳɦ ӒɧȳɦẐ ӒɧȲ иᵑⱢ C2ȳC3ȳC4ȳC5ȳC6

Ɏῶ 3-4ɏȴ 

7. ѿ ֪І иέᴕ ᴥ П L*ȳa*ȳb* ȳʄE Ȳṳ ᴩ

Ṷ∟ ứȲ᷄ҏ Ṿ Ѡȴ 

 

 

ῶ 3 - 4 ᴥ ╬ П ᴥ Ѡ 

     

 

 

 

 

 

 

 

 

 

 

 

Ѡȸ ᴥ Ɏgɏ2.5%ʞщ ᴥ ӒɎgɏ2.5%ʞϮ҇ Ɏgɏ1.5% 

ʞ ѬɎgɏ93.5% 

₇  ҒϤᴥ  

C1  

C2 ╓ӧῧ 

C3  

C4 Ѥ 

C5  

C6 Ẑ  
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3-2 ᴥ ╬ ᴥ ѠׁשṅП☼  

иᵑ 6 Л֝ ᴥ ѠП╬ Ȳ Ɫ 

C1~C6 

ṿӣᴥ ᴥ Ϣ ѱП ẃᴥ  

╬ ᶁл ἳ֯ ᴥ Ϣ ѱϱ 

ậҏ 10и ∟ḤѬ♃  

ὍϤ⌡ ứ 40̆ ȲҒ 40и  

 

ѿᴥ ╬∟П ѱ ᴥ 



 

-33- 

 

3.4.6 ᴥ ╬ ╬ Ѡׁשṅ 

1. ậϱ ᴥ ѠׁשṅẒ Ṿ Ѡ- C4ế C6 ѠȲ ᴩ ╬ ȴ 

2. Ԓѿ Ṿ ᴥ Ѡ ᴩ ╬╬ Ȳ ╬∟ ᴥѿᴥ Ȳṳּנ

Ẕ L*a*b* Ȳ Ɫ ȴ 

3. C4 Ѡ╬ иᵑҒϤϮ ╬ ʟὙ ȳ ᴊȳ Ṹ ȲC6

Ѡ╬ иᵑҒϤϮ ╬ ʟ о ȳХ Іȳ Ṹ Ȳ о

⇔Ɫ 0.5%ȲẔ ⇔Ɫ 1%ȴ 

4. ӣԒ╬∟ ᾎȲӣẚІц Ӱ Ἧ ֥ᶁлᴥ ȳϮ҇ цѬȲᶁл

ἳ֯ ᴥ ѱϱȲ֯⅍ М 20и Ȳԛ ╬ ȳϮ҇ цѬ

ӣẚІц Ӱ Ἧ ֥ᶁл∟ ϱ ѱȲ иᵑⱢ AM1ȳAM2ȳAM3 ȳ

AM4ȳAM5ȳAM6ȴ 

5. ѱὍϤ⌡ ứ 40̆ ȲҒ 40и Ȳậҏ∟֯⅍ М

10и ∟ḤѬ♃ ȴ 

6. ѿᴥ ╬∟ ᴥȲṳּנ Ẕ L*a*b* ȴ 

7. ѿ ֪І иέᴕ ᴥ П L*ȳa*ȳb* ȳʄE Ȳṳ ᴩ

Ṷ∟ ứȲ᷄ҏ Ṿ ╬ Ѡȴ 
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ῶ 3 - 5Л֝ ╬ ╬ ѠϚ ῶ 

₇  ᴥ Ѡ ╬  ⇔ 

AM1 C4 Ѡ Ὑ  1% 

AM2 C4 Ѡ ᴊ 1% 

AM3 C4 Ѡ Ṹ  1% 

AM4 C6 Ѡ о  0.5% 

AM5 C6 Ѡ Х І 1% 

AM6 C6 Ѡ Ṹ  1% 

╬ Ѡȸ ᴥ Ɏgɏ2.5%ʞ ѤἨẐ ӒɎgɏ2.5%ʞ ╬ Ɏgɏ 

     Ɏ0.5%~1%ɏʞϮ҇ Ɏgɏ1.5%ʞ ѬɎgɏɎ93%~92.5%ɏ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-3 ᴥ ╬ ☼ṅПשׁ╬  

иᵑ 6 Л֝ ╬ ѠП╬ Ȳ 

Ɫ AM1~AM6 

ѿᴥ Ṿ ᴥ Ѡ ╬╬  

ὍϤ⌡ ứ 40̆ ȲҒ 40и  

 

╬ ᶁл ἳ֯ ᴥ Ϣ ѱϱ 

 

ậҏ 10и ∟ḤѬ♃  

ѿᴥ ╬∟П ѱ ᴥ 
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3.5 ᴥ ╬ צ ἤ  

ѿѬ♃ ╬ᴥ ὨП ḵ⇔Ȳ ᴩ ᴥ ╬ Пצ ἤ ᴷȴ

Ẓ Ṿ ᴥ Ѡцг ╬ Ѡ C4ȳC6ц AM1~AM6 Ԛ 8 ╬ᴥ ѱ ᴩѬ

♃ ȲѬ♃ Ϟ Ӿ Ϣ♃ П ᶮȲѿ ╬ᴥ ḵ⇔ȲѬ♃ Ѡ

ᾎ ᴕѵ Ɏ2005ɏᾼѠᾎȲѿ Ѭ ᴩứ ȳứ ứȲԚ ᴩ Ѭװ8

♃ȲḕװѬ♃ᶙ ѿᴥ ᴥȲṳּנ Ẕ L*a*b* ȴ ☼ ֽ

3-5ἬӱȲ Ḕ ֽϯȻ 

1. Ѭ ứ ԈⱢ ⇔ 40̆ Ȳ 200rpmȲѬ ⇔ ứⱢ

ᾼ 2/5ȴ 

2. ѱὍϤ 500mL ᶮ ȲԛὍϤ 10 ᾿ 6.35е ᾼЛ ц 3

еᵌᾼ♃ ȲᾃϤ Ѭ 500mLȴ 

3. ϱ ᶮ ὍϤ Ѭ в ֻȲѬ♃ ứⱢ 7и ȴ 

4. ♃ֻП∟Ȳ ᶮ вП♃ ҏȲ ѱц 10 Л ЬὍᴟ вȲ

ҒϤ Ѭ 500mLȲѬ♃ Ԉ֝Ḕ 1Ȳ ứⱢ 3и ȴ 

5. ♃ П ѱậҏȲὍ ⅍ Мᴞ ȴ 

Ѭ♃ȲѿᴥװⱢϚױ .6 ♃∟ ᴥȲṳּנ Ẕ L*a*b* ȴ 

7. Ӑ Ԛ ᴩ Ѭ♃ᶙװѬ♃Ȳḕװ8 ѿᴥ ᴥȲṳּנ

Ẕ L*a*b* ȴ 

8. C4ȳC6ц AM1~AM6 Ԛ 8 ╬ᴥ ѱꞋ ѿѿϱḔ ᴩ Ѭװ8

♃ ȴ 

9. ╬∟♃ L*ȳa*ȳb*ȳʄE ҟ ϥװѬ♃ П ᴥ Ȳе

ϯȸֽה ᴥ ʦ|Ɏ╬∟♃ ʟ ϥװѬ♃ ɏ|ȴ 
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3.6 ᴥ ╬ Ӫ צ ἤ  

ậ ᴥ Ṿ Ѡế ╬ Ṿ Ѡṳѿ ᴥ Ɫ Ȳ Ӫ ᴩ╬

ᴥȲѿѬ♃ Ӫ ╬ᴥ ὨП ḵ⇔Ȳ ᴩ ᴥ ╬ Ӫ Пצ

ἤ ᴷȴѿ ᴥ ╬ П╬ᴥ ѱⱢ Ɏ C9ɏȲ ᴥ Ṿ Ѡ

Ɏ C4ɏȳ ╬ Ṿ ѠɎ AM3ɏ Ԛ 3 ╬ᴥ ѱ ᴩѬ♃ Ȳ Ӫ

ῴḔ C9 AM3 Ѡ ὨЛṾȲ╝֯ Ѡц╬ Ѡᾎϱ Ȳֽῶ 3-6

ἬӱȴѬ♃ Ѡᾎ ᴕѵ Ɏ2005ɏᾼѠᾎȲѿ Ѭ ᴩứ ȳứ

ứȲԚ ᴩ Ѭ♃ᶙװѬ♃Ȳḕװ3 ѿᴥ ᴥȲṳּנ Ẕ L*a*b* Ȳ

Ḕ ֽϯȻ 

1. Ѭ ứ ԈⱢ ⇔ 40̆ Ȳ 200rpmȲѬ ⇔ ứⱢ

ᾼ 2/5ȴ 

2. ѱὍϤ 500mL ᶮ ȲԛὍϤ 10 ᾿ 6.35е ᾼЛ ц 1

еᵌᾼ♃ ȲᾃϤ Ѭ 500mLȴ 

3. ϱ ᶮ ὍϤ Ѭ в ֻȲѬ♃ ứⱢ 7и ȴ 

4. ♃ֻП∟Ȳ ᶮ вП♃ ҏȲ ѱц 10 Л ЬὍᴟ вȲ

ҒϤ Ѭ 500mLȲѬ♃ Ԉ֝Ḕ 1Ȳ ứⱢ 3и ȴ 

Ѭ♃ȲѿᴥװⱢϚױ .5 ♃∟ ᴥȲṳּנ Ẕ L*a*b* ȴ 

6. Ӑ Ԛ ᴩ Ѭ♃ᶙװѬ♃Ȳḕװ3 ѿᴥ ᴥȲṳּנ

Ẕ L*a*b* ȴ 

7. C9ȳC4ц AM3 Ԛ 3 ╬ᴥ ѱꞋ ѿϱḔ ᴩ ♃Ѭװ3 ȴ 

8. ╬∟♃ L*ȳa*ȳb*ȳʄE ҟ ϮװѬ♃ П ᴥ Ȳе

ϯȸֽה ᴥ ʦ|Ɏ╬∟♃ ʟ ϮװѬ♃ ɏ|ȴ 
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ῶ 3-6Ӫ ╬ ѠϚ ῶ 

₇  Ѡ Ѡᾎ 

C9 
ᴥ 10%ʞϮ҇ 1.5%ʞ

Ѭ 88.5% 
Ԓ╬∟  

C4 
2.5%ʞ Ѥ 2.5%ʞϮ҇

1.5%ʞ Ѭ 93.5% 
Ԓ╬∟  

AM3 
2.5%ʞ Ѥ 2.5%ʞ Ṹ

1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
╬Ẓװ 

    : ╬ẒװⱢԒ╬∟ ᾎϚװ∟Ȳ ᵬ Ȳ֝ Ḕ ԛ Ϛװȴ 

3.7 ἤ  K

щ ᴥ ╬ ֯╬ ᾼи ϱ╥ ὑҙӘϵ₤╬ Ȳ╬ ᾼѻ ᵂӣ 

╥ṿᴥ זּ Ѫ ῶӫ Ȳ ϤѪ ѱ ӫ П ᴖ ẞ╬ ᾼ ὨȲ֪Ɫṳ

ḥֽצ о₤╬ ᾼ ạṿ╬ иІ о ЄȲ֪ױᴥ ♃ װ ᾼ

Ғᴖ ᴥȴ ϚḔϠ М Ṿ Ѡ╬ ֯ Мᾼ ᶮȲ֪ױ ᴕ

ᴣɎ2007ɏᾼѠᾎȲ ╬∟ ѿ Ӱה йѱ й20פּ⇔⁴כɛmᾼ

ѱȲѿԏ Ȳ ᴩ╬ ᾼ ἤ ᴷȴ Ḕ ֽϯȻ 

1. ѿ 70̆ Ӱ Ғ ᴟᶙԓ Ȳậ 10~20 ╬∟ ѿ₣᾿Ṕ⇔Ὅ Ҕ

М ᴩҔ Ȳѿ 18̆ ≡ ᵐ ṿӰ Ệоȴ 

2. Ӱ Ҕ Ệо∟П ѱ ȲѿӂᴩѠה ֵ Ӱ й ȴ 

3. ѿӰ йѱ ᴩ йѱȲ ứϧѱṔ⇔Ɫ 4⇔Ȳйѱ⁴⇔Ɫ20ɛmȴ 

4. ṿ ѱӂᴩᴼ Ȳ йѱ∟ᾼ ₇ ᾚὑ 40̆ ᾼ ѬМȴ 

5. ѿ ⱶѱ ѱ ѬМ ȲὍ Ғ Ɏ40̆ ɏϚщȲᴟ ѱᶙԓ ȴ 

6. ѿԏ ӭ 10×20ᾬ ʦ200 Ȳ ӑ╬ᴥ› ц╬ᴥ∟П

Пᴥ ᶮȴ 
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3.8  

Ḗ 10ᴯắ ῏Ȳד ֯ 18-45 Ȳӫ ѹ ҭȲ ᴩϢ Ӂ

(Finn chambers on scanporӁ) Ȳ ᴷ ᴥ ╬ ╥ᵡ Ϣכ ӫ ᾼ

Л ч ȴ֪Ɫ ӫᾼӫ ╥− ᾼȲ֪ױ ϱ в ᾼӫ ᴩ

Ȳ ›Ԓѿῑḿ ♃ắ ᴯȲԛậ 0.5 mLᾼ C1ȳC4ц AM3 Ѡ ὑ

ӁвȲ ὑϱ в Ȳ∕ắ 24Њ ∟ Ȳ ắ ῏ᾼӫ о═ 48

Њ Ȳ ῶ 3-5ӫ ч ᾼ иᾎɎDraize et al.,1948ɏᵒ ╥ᵡצ Ӣӫ

ẛ Ἠ Ȳṳ Ẕ Ὠȴ ῶ 3-7ἬԝПч Ȳ⁄ иⱢ 0ȴ 

 

ῶ 3 - 7ӫ ч ᴷП иῶ 

Aȳּמ ế ӫᾼᶮכ 

ᾼּמ  1 

Ҡ ҏּמ  2 

М⇔ẞ ⇔ᾼּמ  3 

מּ֮ ӫᶮ4 כ 

ԓ Ҡ מּ ᾼи  4 

Bȳ ᾼᶮכ 

ᾼ  1 

Лҏᾼכ) ⇔) 2 

М⇔ ( ПỂ ҠὙ ҏ) 3 

ԓ Ҡ ᾼи  4 

ӫ ч ᾼἬצи  8 
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3.9  

1. Ӑ Ἤ ѿ SPSS18.0 For Windows ȴ 

2. Ἤצ ѿӂᶁ ӱȴ 

3. ѿ ֪І иέȲиᵑᴕ ᴥ Ӑ ╬ᴥ Ὠȳ ╬ Ӑ ╬ᴥ Ὠȳ

Ѭ♃ ╬ᴥ Ὠ Ӫ Ѭ♃ ╬ᴥ Ὠȴѩ ֢ Ѡ ╥ᵡצ ἤ

Ȳѿ ϚḔ Ӵ Ṿ Ѡȴ 

4. ֯ ֪І иέМȲ ᴩ Levene֝ ἤ ứȲṳ ᴩṶ∟ѩ ᶧȲѿ

ӴЛ֝ Ѡ ὨП ֕Ȳ Levene ứ ἤȲṶ∟ѩ ӣ

DunnettT3ᾎȷ Levene ứӑ Ѭ Ȳ⁄Ṷ∟ ứ ӣ LSDᾎȴ 

5. Ѭ ứⱢ pʤ0.05ȴ 
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ҳ Ὠ  

4.1 ᴥ ậ  

ᵓӣῶ 3-1Л֝ ậѠᾎἬ ẞᾼ ᴥ ᴩ ậ ᾼѩ ȴM1ⱢѿѬⱢ 

ȳѬ ậᾎ ậᾼ ᴥ ȲM2ⱢѿѬⱢ ȳ ậᾎ ậᾼȲM3

ⱢѿѬⱢ ȳ ѫ ậᾎ ậᾼȲM4ⱢѿѬⱢ ȳ ᾌ ậᾎ ậᾼȲM5

Ɫѿӧ Ɫ ȳѬ ậᾎ ậᾼȲM6Ɫѿ Ɫ ȳѬ ậᾎ ậᾼȲ

M7ⱢԒᴩҟ ∟ȲԛѿѬⱢ ȳ ậᾎ ậᾼȲ ᵐ ∟Ἤ П

ậ ֽῶ 4-1ἬӱȲẔМѿӧ ȳ Ɫ ᾼ ậ Ȳ ᾼ ȲẒ῏

ẞ 70̟ ѿϱȲ╥ᵡ ậҏᴥ ⧵צ⁄ Ȳ ṿӣиԏԏ⇔ Ẕᴥ

ᵶ И ứȴҟ ∟ԛ ậᾼ ậ ᵅȲҬצ 3.93%ȷẔ ѿѬⱢ Ȳ

ӣЛ֝ ậѠᾎᾼ ậ Юὑ 8.88%~14%ȲẔМѿ ᾌ ậᾎ 14%

Ȳ ᾌ ậᾎ  Пȴװ12.8%

 

ῶ 4-1Л֝ ậѠᾎП ᴥ ậ  

₇   ậѠᾎ ậ Ɏ˖ɏ 

M1 Ѭ Ѭ ậᾎ 12 

M2 Ѭ ᾌ ậᾎ 14 

M3 Ѭ ѫ ậᾎ 8.88 

M4 Ѭ ᾌ ậᾎ 12.8 

M5 ӧ  Ѭ ậᾎ 70.2 

M6  Ѭ ậᾎ 74.6 

M7 Ѭ ᾌ ậᾎ 3.93 

: M7Ɫ 95%ϛ ҟ ∟ԛ ậᾼ ᴥ ȴ 
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ậѠᾎ ᵑ

M1 M2 M3 M4 M5 M6 M7

0

20

40

60

80

 

M1ȸѿѬⱢ ПѬ ᾎ 

M2ȸѿѬⱢ П ᾌ ậᾎ 

M3ȷѿѬⱢ П ѫ ậᾎ 

M4ȷѿѬⱢ П ᾌ ậᾎ 

M5ȷѿӧ Ɫ ПѬ ᾎ 

M6ȷѿ Ɫ ПѬ ᾎ 

M6ȷѿ Ɫ ПѬ ᾎ 

M7ȷѿ 95%ϛ ҟ ȲԛѿѬⱢ П ᾌ ậᾎ 

 

4-1Л֝ ậѠᾎП ᴥ ậ  

 

 
 

ậ 
(%

) 
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    ậП ᴥ Ȳ כ 0.1̟ ᴥ Ȳѿиԏԏ⇔ ֯Ҡṓԏᾼ

в ᴩҠṓԏᾌ  Ȳֽ 4-2ἬӱȲ ᴥ ѻ ᾌ ᵮן Ɫ 489.5nmȲ

Ẕᵮԏ Ɫ 1.523ȴ 

 

 

 

 

 

4-2 ᴥ иԏԏ⇔ ԏ  

Abs 

3.5 

 
3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

400 450 500 550 600 650 700 750 nm 
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4.2 ᴥ ᵶ  

4.2.1Л֝ ậѠה ᵶ ứ 

ѿ C.I.Natural Red25Ɫ ₇Ȳиᵑ 0 mg/Lȳ20 mg/Lȳ40 mg/Lȳ60 

mg/Lȳ80 mg/Lȳ100 mg/LП C.I.Natural Red25 Ȳ ֥ᶁл∟ 30и ȴ

ѿиԏԏ⇔ C.I.Natural Red25 ֯ 490nmᵮԏ ᾼ …ȲἬ П

ֽ 4-3ȴ 

 

 

 

 

 

 

 

A
b

s
 4

9
0

 n
m 

20 40 60 80 100 

ConcentrationɎ mg/Lɏ

Ɏ mg/L ɏɎ mg/L ɏ

Ɏmg/Lɏ 4-3 ᴥ ⇔  
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0.1̟ ᴥ Ȳ ֥∟ 30и Ȳѿиԏԏ⇔ 490nmᾼ 

ᵮԏ Ȳ ᵮԏ ҅Ϥ еהМȲḖ Л֝Ѡה ậᾼ ᴥ ᵶ ֽῶ 4-2ȴ 

Ӧ 4-4ἬӱȲӧ ế ậҏᾼᴥ ᵶ −юȲᵀһᾼ ậ − ȲҠ

╥᷂ ậҏẃȲἬѿӧ ế Л ֥ ᴥ ᾼ ậ Ȳ ╥ѿѬ

֥ȲׄԓἤϷ Ȳḥצ ᾼ ȴᴥ ᵶ ѿҟ ∟ԛ

ᾌ ậᾎᾼᴥ ᵶ ȲⱢ 3.401%ȲЄּפ╥ PC2ȳPC3ȳPC4ᾼẒ ȴ ה

ậᾎȳ ᾌ ậᾎȳ ᾌ ậᾎϮ῏ᾼᴥ ᵶ ד ЛЄȲиᵑⱢ 1.773%ȳ

1.888%ế 1.621%Ȳᵀ╥ѿ ᵂ ẃכȲ ה ậ 10Њ ҿҢȲ ᾌ ậ

40и Ȳᴖ ᾌ ậ ᾌ Ҭצ 5и Ȳ ᵂ ╥ ᾌ ậᾎᾼ

1/8ȲҠѿ Ɫ ᴥ ậᾼ∂ ѠᾎПϚȴ֪ⱢԒҟ ∟ԛ ᾌ ậᾼᴥ

ᵶ ȴ 

 

ῶ 4-2Л֝Ѡה ậᾼ ᴥ ᵶ  

₇  ᴥ ᵶ Ɏ˖ɏ 

PC1 0.996 

PC2 1.773 

PC3 1.888 

PC4 1.621 

PC5 0.003 

PC6 0.044 

PC7 3.401 
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₇

PC1 PC2 PC3 PC4 PC5 PC6 PC7

0

1

2

3

4

 

 

PC1ȸѿѬⱢ ПѬ ậᾎ 

PC2ȸѿѬⱢ П ᾌ ậᾎ 

PC3ȸѿѬⱢ П ѫ ậᾎ 

PC4ȸѿѬⱢ П ᾌ ậᾎ 

PC5ȸѿӧ Ɫ ПѬ ậᾎ 

PC6ȸѿ Ɫ ПѬ ậᾎ 

PC7ȸѿ 95%ϛ ҟ ȲԛѿѬⱢ П ᾌ ậᾎ 

 

4-4ᴥ ᵶ Ὠ 

ᴥ

ᵶ

ᴍ
и
ѩ 
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    ᵓӣᴥ ᵶ ѿ ậᾬ ẞ ᴥ Ȳ ᴥ ѿ

ẞ ᾼᴥ ậ Ȳֽῶ 4-3Ἤӱȴ ᾼᴥ ậ ѿ ᾌ ậᾎế

ᾌ ậᾎ ȲиᵑⱢ 0.25%ế 0.21%Ȳ ѫ ậᾎȳԒҟ ԛ ᾌ ậᾎế

ѿѬⱢ ПѬ ậᾎᾼᴥ ậ ПȲиᵑⱢװ 0.17%ȳ0.13%ế 0.12%Ȳѿ

ӧ ế Ɫ ậᾼᴥ ậ ᵅȴ 

    ֯ᴥ ậ Ѡ Ȳϝ ѠהМ ậ ᾼ╥ѿѬⱢ ᾼ ᾌ ậ

ᾎȲ֯ᴥ ᵶ Ѡ Ȳϝ ѠהМᴥ ᵶ ᾼ╥ҟ ᴥ Ȳ֪Ɫҟ ᴥ

⇔ Ȳ Ȳ֪ױȲ∟ ṅѿԒҟשׁ ∟ԛ ᾌ ậᾼѠᾎ ∟

ᾼᴥ ậѠᾎȴ 

 

ῶ 4-3Л֝Ѡה ậП ᴥ ậ  

₇   ậѠᾎ ᴥ ậ Ɏ˖ɏ 

P1 Ѭ Ѭ ậᾎ 0.12 

P2 Ѭ ᾌ ậᾎ 0.25 

P3 Ѭ ѫ ậᾎ 0.17 

P4 Ѭ ᾌ ậᾎ 0.21 

P5 ӧ  Ѭ ậᾎ 0.00 

P6  Ѭ ậᾎ 0.03 

P7 Ѭ ᾌ ậᾎ 0.13 

      : M7ӣ 95%ϛ ҟ ∟ԛṿӣ ᾌ ậᾎȴ 
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ậѠᾎ ᵑ

P1 P2 P3 P4 P5 P6 P7

0.00

0.05

0.10

0.15

0.20

0.25

0.30

 

P1ȸѿѬⱢ ПѬ ậᾎ 

P2ȸѿѬⱢ П ᾌ ậᾎ 

P3ȷѿѬⱢ П ѫ ậᾎ 

P4ȷѿѬⱢ П ᾌ ậᾎ 

P5ȷѿӧ Ɫ ПѬ ậᾎ 

P6ȷѿ Ɫ ПѬ ậᾎ 

P6ȷѿ Ɫ ПѬ ậᾎ 

P7ȷѿ 95%ϛ ҟ ȲԛѿѬⱢ П ᾌ ậᾎ 

 

4-5Л֝ ậѠᾎП ᴥ ậ  

 

 

 

ᴥ 
 

 

ậ 
(%

) 
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4.2.2Л֝ẃ ᴥ ᴥ⇔ѩ  

ѩ ӣ ᴥ ȳӀ ╬Ӂ ᴥ ȳѿѬⱢ ᾌ ậᾼ ᴥ

ếԒҟ ԛṿӣ ᾌ ậᾎ ậᾼҟ ᴥ Ȳ иᵑ S1ȳS2ȳS3ȳS4ȲS1ȳ

S2ⱢӀ ϱ ẞᾼ ₇ȲS3ȳS4Ɫᴞᴩ ậᾼᴥ ȲЛ֝ẃ ᾼ ᴥ Ẕᴥ⇔

Ɏcolor valueɏϱצ ȴ 

ѿ ӣ ᴥ ᾼ ᴥ ᵶ Ɫ 3% ₇Ȳ ҏẔ҃ ᴥ ᾼ

ᴥ⇔ȲẔ Ὠֽῶ 4-4ȳ 4-6Ἤӱȴѿᴞᴩ ậᾼҟ ᴥ ᾼᴥ⇔ 30.24̟

ȲӀ ╬Ӂ ᴥ ᴥ⇔ 25.86̟ ПȲװ ᾌ ậᾼӑҟ ᴥ ᾼᴥ⇔ѩҟ

ᴥ ᵅȲ ֪Ɫᴥ ᵶצ Ȳᴥ ᴥ⇔ ᵅȷ ᵅᾼⱢ ӣ ᴥ

ȴ 

 

ῶ 4-4Л֝ẃ ᴥ ᴥ⇔ѩ ῶ 

₇  ẃ  ᴥ⇔Ɏ˖ɏ 

S1 ӣ ᴥ  3 

S2 Ӏ ╬Ӂ ᴥ  25.86 

S3 ᾌ ậᾼӑҟ ᴥ  16.62 

S4 ᾌ ậᾼҟ ᴥ  30.24 
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4.3 ᴥ Ӑ╬ᴥ Ὠиέ 

Ӑ ᾼѻ ӭᾼȲ╥ѿ ᴥ Ɫ ȲҒϤЛ֝ᾼᴥ ╬ Ȳ

ҏ ᴥṆᾼ╬ Ἠᵧ Л֝ᴥ Ȳѿ ֥ὧѠϢ ᴥᾼ Ḗṳ ╬

ᴥṆȴӐ ṼԒ›ѝ иέ г ѠȲ ᴥ ᴩ╬ᴥȲṳӣᴥ

╬∟ ᴥ ᴩ ᴥȲṼ Ἤ Ȳ иέȲ ṅשׁ Ὠи ֽϯȴ

4.3.1 ᴥ ӐПᴥ цᴥ Ȳ4.3.2Л֝ ᴥ ѠПὙ⇔ ứȲ4.3.3Л֝ ᴥ

ѠПᴥד a* ứȲ4.3.4Л֝ ᴥ ѠПᴥד b* ứȲ4.3.5Л֝ ᴥ Ѡ

Пᴥ ʄE ứȲ4.3.6 ᴥ Ӑ╬ᴥ Ὠ ȴ 

4.3.1 ᴥ ӐПᴥ цᴥ  

ῶ 4-5 ᴥ ӐПᴥ цᴥ  

Lab  

Ӑ     
L*  a* b* ʄE 

C1 30.460±0.200 4.256±0.063 1.296±0.065 50.850±0.187 

C2 31.076±0.285 3.662±0.102 6.826±0.147 47.000±0.277 

C3 37.598±0.499 2.356±0.053 3.202±0.036 44.222±0.357 

C4 21.826±0.125 4.960±0.045 6.360±0.245 55.370±0.072 

C5 30.532±0.112 6.804±0.093 7.658±0.144 47.460±0.155 

C6 34.138±0.192 1.950±0.029 0.352±0.089 49.800±0.183 

                                                              Ɏn=5ɏ 

C1ȸ 5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C2ȸ 2.5%ʞ╓ӧῧ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C3ȸ 2.5%ʞ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C4ȸ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C5ȸ 2.5%ʞ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C6ȸ 2.5%ʞẐ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 
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4.3.2Л֝ ᴥ ѠПὙ⇔ ứ 

    ֯Л֝ ᴥ ѠПὙ⇔ ứМȲⱢϠᵒ ╬∟ ᴥ╥ᵡ Ὼ ᴥṆȲѿᴥ

Ἤ П L* ӂᶁ Ɫ ᴥṆ╬ Пᴕ Ṽ ȲἬ Пӂᶁ ЊȲ҅ῶ╬∟

ᴥ ȴѿ ֪І иέȲѩ г ᴥ Ѡἒױ ╥ᵡẓצ Ȳ

Ἤ Ὠֽῶ 4-7ἬӱȲẔМ pʤ0.001 ӱ Ѡ ẓצ ἤ ȴ 

 

ῶ 4-7Л֝ ᴥ Ѡ L* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

Ѡ Ӑ 

ɎL* ɏ 

 30.460 

690.183 5 1900.588 0.000*** 

+╓ӧῧ 31.076 

+  37.598 

+ Ѥ 21.826 

+  30.532 

+Ẑ  34.138 

ȸ *** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ ᴥ Ѡ Ӑ֯Ὑ⇔ L* П

ȲἬ Ὠֽῶ 4-8ἬӱȴC4 ѠП L* 21.826 ЊȲ҅ױῶ C4 Ѡ֯г

ᴥ ѠМὙ⇔ ȲẔ╬ᴥ Ὠ ȲчПȲC3 ѠὙ⇔ ‐Ȳ╬ᴥ Ὠ ȴ 

 

ῶ 4-8Л֝ ᴥ Ѡ L* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  30.460 31.076 37.598 21.826 30.532 34.138  

Ӑ C1 C2 C3 C4 C5 C6 Ṷ∟ѩ  

C1 ʟ -0.6160 -7.1380***  8.6340***  -0.0720 -3.6780***  C3> C6ʥC2ʥC4  

C2  ʟ -6.5220***  9.2500***  0.5440 -3.0620***  C3> C6ʥC1ʥC4 

C3   ʟ 15.7720***  7.0660***  3.4600***  C3> C6ʥC5ʥC4 

C4    ʟ -8.7060***  -12.3120***   

C5     ʟ -3.6060***   

C6      ʟ  

ȸLevene ứⱢ p Ɫ 0.009Ɏpʤ0.05ɏȲ ч ֝ ἤ ứȲ֪ױṶ∟

ứ ӣ DunnettT3ᾎȴ 

C1ȸ 5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C2ȸ 2.5%ʞ╓ӧῧ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C3ȸ 2.5%ʞ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C4ȸ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C5ȸ 2.5%ʞ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C6ȸ 2.5%ʞẐ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 
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4.3.3Л֝ ᴥ ѠПᴥד a* ứ 

г Л֝ ѠӦᴥ Ἤ Пᴥד a* Ȳѿ ֪І иέᴕ ╬∟ ᴥ

֯ᴥד a* ϱ╥ᵡצ ȲἬ Ὠֽῶ 4-9ἬӱȲẔМ pʤ0.001 ӱ Ѡ

ẓצ ἤ ȴ 

 

ῶ 4-9Л֝ ᴥ Ѡ a* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

Ѡ Ӑ 

Ɏa* ɏ 

 4.256 

79.345 5 3310.641 0.000*** 

+╓ӧῧ 3.662 

+  2.356 

+ Ѥ 4.960 

+  6.804 

+Ẑ  1.950 

ȸ *** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ ᴥ Ѡ Ӑ֯ᴥד a* П

ȲἬ Ὠֽῶ 4-10ἬӱȴȲ Ѡ֯ᴥד a* Ҡ ᶧֽϯ C5ʥC4ʥC1ʥC2

ʥC3ʥC6ȲẔМ C6 Ѡế C3 ѠἬ a* ЊȲиᵑⱢ 1.950ế 2.356Ȳ ѱ

ᴥכ ẃ ЛּמȲѩ ֣ᵐᴥṆȴC5 Ѡᾼ a* ӂᶁ 6.804 ЄȲῶӱ C5

Ѡ╬∟ ᴥ מּ ֵȲӦᴚ ᴥӼ ֣Ẳ  ᴥȴמּ

 

ῶ 4-10Л֝ ᴥ Ѡ a* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  4.256 3.662 2.356 4.960 6.804 1.950  

Ӑ C1 C2 C3 C4 C5 C6 Ṷ∟ѩ  

C1 ʟ 0.594*** 1.900*** -0.704*** -2.548*** 2.306***  
C5ʥC4ʥC1ʥC2

ʥC3ʥC6 
C2  ʟ 1.306*** -1.298*** -3.142*** 1.712*** 

C3   ʟ -2.604*** -4.448*** 0.406*** 

C4    ʟ -1.844*** 3.010*** 

C5     ʟ 4.854*** 

C6      ʟ 

ȸLevene ứⱢ p Ɫ 0.145Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 
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4.3.4Л֝ ᴥ ѠПᴥד b* ứ 

    г Л֝ ᴥ Ѡ֯ᴥ Ἤ П b* Ȳѿ ֪І иέ╬∟

ᴥ֯ᴥד b* ϱ╥ᵡצ ȲἬ Ὠֽῶ 4-11ἬӱȲẔМ pʤ0.001 ӱ

Ѡ ẓצ ἤ ȴ 

 

ῶ 4-11Л֝ ᴥ Ѡ b* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

Ѡ Ӑ 

Ɏb* ɏ 

 1.296 

238.574 5 2470.781 0.000*** 

+╓ӧῧ 6.826 

+  3.202 

+ Ѥ 6.360 

+  7.658 

+Ẑ  0.352 

ȸ *** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ ᴥ Ѡ Ӑ֯ᴥד b* П

ȲἬ Ὠֽῶ 4-12Ἤӱȴ Ѡ֯ᴥד b* Ҡ ᶧֽϯ C5ʥC2ʥC4ʥC3ʥ

C1ʥC6ȴC6 ѠȳC1 Ѡế C3 ѠἬ b* ЊȲиᵑⱢ 0.352ȳ1.296ế 3.202Ȳ

ӱἬᵶ ᴥ юȲѩ ֣ ᴥȲC5 ѠȳC2 Ѡế C4 ѠἬ b* ЄȲ

иᵑⱢ 7.658ȳ6.826ế 6.360ȲἬᵶ ᴥ ֵȲἬ╬ᴥ ֣ ᴥṆȴẔМϭѿ

C5 Ѡᾼ b* ЄȲῶӱ╬∟ ᴥ ֵȲӦᴚ ᴥӼ ֣Ẳ ᴥȴ 

 

ῶ 4-12Л֝ ᴥ Ѡ b* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  1.296 6.826 3.202 6.360 7.658 0.352  

Ӑ C1 C2 C3 C4 C5 C6 Ṷ∟ѩ  

C1 ʟ -5.530*** -1.906*** -5.064*** -6.362*** 0.944*** 
C5ʥC2ʥC4ʥC3

ʥC1ʥC6 
C2  ʟ 3.624*** 0.466*** -0.832*** 6.474*** 

C3   ʟ -3.158*** -4.456*** 2.850*** 

C4    ʟ -1.298*** 6.008*** 

C5     ʟ 7.306*** 

C6      ʟ 

ȸLevene ứⱢ p Ɫ 0.193Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 
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4.3.5Л֝ ᴥ ѠПᴥ ʄE ứ 

г Л֝ ᴥ Ѡ֯ᴥ Ἤ ПʄE Ȳѿ ֪І иέ╬∟ ᴥ

֯ᴥ ϱ╥ᵡצ ȲἬ Ὠֽῶ 4-13ἬӱȲẔМ pʤ0.001 ӱ Ѡ

ẓצ ἤ ȴʄE ҅ῶ╬ᴥ ὨȲἬ П ЄȲ҅ῶ╬∟ ᴥ Єȴ 

 

ῶ 4-13Л֝ ᴥ ѠʄE П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

Ѡ Ӑ 

ɎʄE ɏ 

 50.850 

368.791 5 1468.213 0.000*** 

+╓ӧῧ 47.000 

+  44.222 

+ Ѥ 55.370 

+  47.460 

+Ẑ  49.800 

ȸ*** ῶӱ p<0.001 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ ᴥ Ѡ Ӑ֯ᴥ ʄE П

ȲἬ Ὠֽῶ 4-14Ἤӱȴ Ѡ֯ᴥ ʄE Ҡ ᶧֽϯ C4ʥC1ʥC6ʥC5

ʥC3ȲC4ʥC1ʥC6ʥC2ʥC3ȲẔМ C2 C5 ӑ ȴ 

    ѩ г ѠП╬ᴥ ὨȲѿ C4 ѠȳC1 Ѡế C6 Ѡᾼ╬ᴥ Ὠ ṾȲ

ᴥ ʄE иᵑⱢ 55.370ȳ50.850ế 49.800ȴ 

 

ῶ 4-14Л֝ ᴥ ѠʄE Пכ Ṷ∟ѩ ῶ 

ӂᶁ  50.850 47.000 44.222 55.370 47.460 49.800  

Ӑ C1 C2 C3 C4 C5 C6 Ṷ∟ѩ  

C1 ʟ 3.850*** 6.628*** -4.520*** 3.390***  1.050*** 
C4ʥC1ʥC6ʥC5

ʥC3 

C4ʥC1ʥC6ʥC2

ʥC3 

 

C2  ʟ 2.778*** -8.370*** -0.460 -2.800*** 

C3   ʟ -11.148*** -3.238*** -5.578*** 

C4    ʟ 7.910*** 5.570*** 

C5     ʟ -2.340*** 

C6      ʟ 

ȸLevene ứⱢ p Ɫ 0.009Ɏpʤ0.05ɏȲ ч ֝ ἤ ứȲ֪ױṶ∟

ứ ӣ DunnettT3ᾎȴ 
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4.3.6 ᴥ Ӑ╬ᴥ Ὠ  

    Ӧׁשṅ Ὠ ῀Ȳ╬∟ ᴥ֯Ὑ⇔ȳᴥדцᴥ ϱȲ֯ L* ȳa* ȳb* ц

ᴥ ʄE Ѡ Ȳг ѠꞋẓצ ἤ Ȳἒױ צ Ȳ֯׀ ӦṶ∟

ứҠ Ṿ ῶ ȴ 

֯Ὑ⇔Ѡ Ȳѿ C4 ѠП L* ЊȲῶӱ C4 ѠἬ╬ ᴥⱢг ѠМ

ȴ֯ᴥדѠ Ȳѿ C5 ѠἬ П a* ц b* ЄȲῶӱ C5 ѠἬ╬ ᴥ מּ

ц ֵȴẔМ a* ц b* ᾼ о Ȳa* ц b* ֝ ᾼ C5 Ѡȳ

C4 Ѡế C2 ѠἬᵧ ᾼᴥדⱢẲ ᴥȲѩ מּ֣ ᴥ ֵᾼ ᴥṆȷa*

ц b* ֝ ᵅᾼ C6 ѠếC3 ѠἬᵧ ᾼᴥדⱢ ᴊᴥȲѩ ֣ ֵ

ᾼᵐᴥṆȷᴖ C1 Ѡᾼ a* ȳb* ᵅȲἬᵧ ᾼ ᴥⱢ ╥ᴥȲϷמּ ᴥ

Ӑṝᾼ ᴥȲ֪ױȲװױ ᴥ ѻ ҏϮ ᴥʟẲ ᴥȳ ᴊᴥц

ᴥȴ֯ᴥמּ Ѡ ȲѿC4 Ѡᾼᴥ ʄE ЄȲ ӱ C4 Ѡᾼ╬ᴥ Ὠ ֻȴ 

    ֥ѿϱ ȲC4 ѠɎ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɏ

Ἤ╬ ᴥП L* ЊȳʄE ЄȲ ֥ ᴥṆ╬ ᾼ ӭ Ȳ֪ױ

C4 Ѡ Ɫ∟ ᾼ ╬ ȴC6 ѠɎ 2.5%ʞẐ 2.5%ʞϮ҇ 1.5%ʞ

Ѭ 93.5%ɏ֯ʄE Ѡ ֤ ϮȲẔἬ╬ᴥ Ɫ ᴊᴥȲ C4 ѠᾼẲ

ᴥᾼᴥṆЛ֝ȲӐׁשṅ C6 ѠⱢᴊ ᴥ ҅ῶȲ Ɫ∟ ╬ Пׁשṅ

ѠȲ֪ױȲӐׁשṅ֯ ᴥ ◕ C4 Ѡц C6 Ѡ ᴩ∟ ᾼ ╬ ȴ 
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4.4 ╬ Ӑ╬ᴥ Ὠиέ 

Ӑ ӭᾼȲѿ ᴥ ◕╚ҏẒ Ṿ ѠȲҒϤЛ֝ ╬ Ȳ

ҏ ᴥṆᾼ╬ ȳḂ ╬ ᴥἨ Ғᴥḵ⇔ȴӐ ṼԒ›ѝ иέ

г ѠȸC4 ѠҒϤὙ ȳ ᴊȳ Ṹ Ϯ ╬ ȷC6 ѠҒϤ о

ȳХ Іȳ Ṹ Ϯ ╬ ȴиᵑ ᴥ ᴩ╬ᴥȲṳӣᴥ ╬∟

ᴥ ᴩ ᴥȲṼ Ἤ Ȳ иέȲ ṅשׁ Ὠи ֽϯȴ 

4.4.1 ╬ ӐПᴥ цᴥ  

ῶ 4-15 ╬ ӐПᴥ цᴥ  

L*a*b*  

Ӑ  
L*  a* b* ʄE 

AM1 24.978±0.196 9.444±0.159 10.198±0.156 50.570±0.229 

AM2 18.956±0.102 3.496±0.084 3.192±0.148 59.862±0.052 

AM3 16.342±0.229 0.644±0.009 -0.274±0.009 63.360±0.194 

AM4 22.230±0.162 0.418±0.016 -0.048±0.048 58.030±0.154 

AM5 27.168±0.205 4.862±0.116 0.724±0.050 53.404±0.195 

AM6 17.392±0.165 0.266±0.032 -1.162±0.082 62.658±0.122 

                    n=5                                                    

AM1ȸ 2.5%ʞ Ѥ 2.5%ʞὙ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM2ȸ 2.5%ʞ Ѥ 2.5%ʞ ᴊ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM4ȸ 2.5%ʞẐ 2.5%ʞ о 0.5%ʞϮ҇ 1.5%ʞ Ѭ 93% 

AM5ȸ 2.5%ʞẐ 2.5%ʞХ І 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.2 C4 ╬ ѠПὙ⇔ ứ 

    ֯Л֝ ╬ ѠПὙ⇔ ứМȲⱢϠᵒ ╬∟ ᴥ╥ᵡ Ὼ ᴥṆȲѿ

ᴥ Ἤ П L* ӂᶁ Ɫ ᴥṆ╬ Пᴕ Ṽ ȲἬ П ЊȲ҅ῶ╬

∟ ᴥ ȴṳѿ ֪І иέȲѩ Ϯ C4 ╬ Ѡἒױ ╥ᵡẓצ

Ȳѿ᷄ҏ ṾП ╬ ѠȲἬ Ὠֽῶ 4-17ἬӱȲẔМ pʤ0.001 ӱ

Ѡ ẓצ ἤ ȴ 

 

ῶ 4-17 C4 ╬ Ѡ L* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C4 ╬ 

Ѡ Ӑ 

ɎL* ɏ 

+ Ѥ+

Ὑ  
24.978 

196.130 2 2913.687 0.000*** 
+ Ѥ+

ᴊ 
18.956 

+ Ѥ+

Ṹ  
16.342 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C4 ╬ Ѡ Ӑ֯Ὑ⇔ L* П

ȲἬ Ὠֽῶ 4-18Ἤӱȴ Ѡ֯Ὑ⇔ L* Ҡ ᶧֽϯ AM1ʥAM2ʥAM3ȴ

ѿ AM3 ѠП L* 16.342 ЊȲ҅ױῶ AM3 Ѡ֯Ϯ C4 ╬ ѠМὙ⇔ Ȳ

Ẕ╬ᴥ Ὠ Ȳ ֥ AnthonyɎ2001ɏȳ Ɏ2004ɏ ẞᾼȲṿӣ Ṹ Ἠ

ІȲ ṿ ᴥ ȴчПȲAM1 Ѡ֯Ὑ⇔ ứМȲ╬ᴥ Ὠ ‐ȴC4 ᴥ

Ѡᾼ L* Ɫ 21.826Ȳ֯ҒϠὙ П∟ȲὙ⇔ Ȳ ֥ AnthonyɎ2001ɏ ẞ

ᾼȲṿӣὙ ╬ Ȳ ṿ ᴥὙ‐Ϛ ȲAM1 Ѡᾼ L* Ɫ 24.978ȴ 

 

ῶ 4-18 C4 ╬ Ѡ L* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  24.978 18.956 16.342  

Ӑ AM1 AM2 AM3 Ṷ∟ѩ  

AM1 ʟ 6.022*** 8.636*** AM1ʥAM2ʥAM3 

AM2  ʟ 2.614*** 

AM3   ʟ 

ȸLevene ứⱢ p Ɫ 0.192Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 

AM1ȸ 2.5%ʞ Ѥ 2.5%ʞὙ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM2ȸ 2.5%ʞ Ѥ 2.5%ʞ ᴊ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.3 C4 ╬ ѠПᴥד a* ứ 

Ϯ Л֝ C4 ╬ ѠӦᴥ Ἤ Пᴥד a* Ȳ ᴩ ֪І иέȲ

Ἤ Ὠֽῶ 4-19ἬӱȲẔМ pʤ0.001 ӱ Ѡ ẓצ ἤ ȴ 

 

ῶ 4-19 C4 ╬ Ѡ a* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C4 ╬ 

Ѡ Ӑ 

Ɏa* ɏ 

+ Ѥ+

Ὑ  
9.444 

201.588 2 9264.140 0.000*** 
+ Ѥ+

ᴊ 
3.496 

+ Ѥ+

Ṹ  
0.644 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C4 ╬ Ѡ Ӑ֯ᴥד a* П

ȲἬ Ὠֽῶ 4-20ἬӱȴϮ Ѡ֯ᴥד a* Ҡ ᶧֽϯȲAM1ʥAM2

ʥAM3ȲAM1 Ѡᾼ a* Ɫ 9..444ȲὙ ὑẔ҃Ẓ ѠȲ ᴥ֯ҒϠ ╬

Ὑ ∟Ȳּמᴥ ȲӦᴚ ╥ⱢẲ  ᴥȴמּ

 

ῶ 4-20 C4 ╬ Ѡ a* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  9.444 3.496 0.644  

Ӑ AM1 AM2 AM3 Ṷ∟ѩ  

AM1 ʟ 5.948*** 8.800*** AM1ʥAM2ʥAM3 

AM2  ʟ 2.852*** 

AM3   ʟ 

ȸLevene ứⱢ p Ɫ 0.064Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 

AM1ȸ 2.5%ʞ Ѥ 2.5%ʞὙ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM2ȸ 2.5%ʞ Ѥ 2.5%ʞ ᴊ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.4 C4 ╬ ѠПᴥד b* ứ 

    Ϯ Л֝ C4 ╬ Ѡ֯ᴥ Ἤ П b* Ȳѿ ֪І иέ╬∟

ᴥ֯ᴥדϱ╥ᵡצ ȲἬ Ὠֽῶ 4-21ἬӱȲẔМ pʤ0.001 ӱ Ѡ

ẓצ ἤ ȴ 

 

ῶ 4-21 C4 ╬ ѠП b* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C4 ╬ 

Ѡ Ӑ 

Ɏb* ɏ 

+ Ѥ+

Ὑ  
10.198 

284.600 2 9216.320 0.000*** 
+ Ѥ+

ᴊ 
3.192 

+ Ѥ+

Ṹ  
-0.274 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C4 ╬ Ѡ Ӑ֯ᴥד b* П

ȲἬ Ὠֽῶ 4-22ἬӱȴϮ Ѡ֯ᴥד b* Ҡ ᶧֽϯȲAM1ʥAM2

ʥAM3ȲAM1 ѠП b* Ɫ 10.198ȲC4 ѠП b* Ɫ 6.360Ȳ ᴥ ӑҒ ╬

› ֵȴAM3 ѠП b* Ɫ-0.274Ȳ ӑҒ ╬› Єȴ 

 

ῶ 4-22 C4 ╬ Ѡ b* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  10.198 3.192 -0.274  

Ӑ AM1 AM2 AM3 Ṷ∟ѩ  

AM1 ʟ 7.006*** 10.472*** AM1ʥAM2ʥAM3 

AM2  ʟ 3.466*** 

AM3   ʟ 

ȸLevene ứⱢ p Ɫ 0.002Ɏpʤ0.05ɏȲ ч ֝ ἤ ứȲ֪ױṶ∟

ứ ӣ DunnettT3ᾎȴ 

AM1ȸ 2.5%ʞ Ѥ 2.5%ʞὙ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM2ȸ 2.5%ʞ Ѥ 2.5%ʞ ᴊ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.5 C4 ╬ ѠПᴥ ʄE ứ 

Ϯ Л֝ C4 ╬ Ѡ֯ᴥ Ἤ ПʄE Ȳѿ ֪І иέ╬∟

ᴥ֯ᴥ ϱ╥ᵡצ ȲἬ Ὠֽῶ 4-23ἬӱȲẔМ pʤ0.001 ӱ Ѡ

ẓצ ἤ ȴʄE ҅ῶ╬ᴥ ὨȲἬ П ЄȲ҅ῶ╬∟ ᴥ

Єȴ 

 

ῶ 4-23 C4 ╬ ѠПᴥ ʄE П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C4 ╬ 

Ѡ Ӑ 

ɎʄE ɏ 

+ Ѥ+

Ὑ  
50.570 

436.936 2 7284.688 0.000*** 
+ Ѥ+

ᴊ 
59.862 

+ Ѥ+

Ṹ  
63.360 

ȸ *** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C4 ╬ Ѡ Ӑ֯ᴥ ʄE П

ȲἬ Ὠֽῶ 4-24ἬӱȴϮ Ѡ֯ᴥ ʄE Ҡ ᶧֽϯ AM3ʥAM2

ʥAM1ȲʄE иᵑⱢ 63.360ȳ59.862ế 50.570ȲC4 ᴥ ѠПʄE Ɫ 55.370Ȳ

AM3ế AM2 Ѡᾼ╬ᴥ Ὠ ὑ C4 ᴥ ѠȲẔМѿ Ṹ ᾼ ╬ Ὠ ֻȴ 

 

ῶ 4-24 C4 ╬ ѠʄE Пכ Ṷ∟ѩ ῶ 

ӂᶁ  50.570 59.862 63.360  

Ӑ AM1 AM2 AM3 Ṷ∟ѩ  

AM1 ʟ -9.292*** -12.790*** AM3ʥAM2ʥAM1 

AM2  ʟ -3.498*** 

AM3   ʟ 

ȸLevene ứⱢ p Ɫ 0.060Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 

AM1ȸ 2.5%ʞ Ѥ 2.5%ʞὙ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM2ȸ 2.5%ʞ Ѥ 2.5%ʞ ᴊ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.6 C6 ╬ ѠПὙ⇔ ứ 

    Ϯ Л֝ ╬ ѠӦᴥ Ἤ ПὙ⇔ L* Ȳ ᴩ ֪І иέȲἬ

Ὠֽῶ 4-25ἬӱȲẔМ pʤ0.001 ӱ Ѡ ẓצ ἤ ȴ 

 

ῶ 4-25 C6 ╬ ѠП L* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C6 ╬ 

Ѡ Ӑ 

ɎL* ɏ 

+Ẑ  

+ о  
22.230 

238.934 2 3747.393 0.000*** 
+Ẑ  

+Х І 
27.168 

+Ẑ  

+ Ṹ  
17.392 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C6 ╬ Ѡ Ӑ֯Ὑ⇔ L* П

ȲἬ Ὠֽῶ 4-26ἬӱȴϮ Ѡ֯ L* Ҡ ᶧֽϯ AM5ʥAM4ʥ

AM6ȲL* иᵑⱢ 27.168ȳ22.230ế 17.392ȲC6 ᴥ ѠП L* Ɫ 34.138ȲҒϠ

Ϯױ ╬ ∟ȲϮ ѠꞋṿ╬ᴥ Ὠ Ȳѿ AM6 ѠП L* 17.392 ЊȲ

AM6 Ѡ֯Ϯ C6 ╬ ѠМ╬ᴥ Ὠ ȴ 

 

ῶ 4-26 C6 ╬ Ѡ L* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  22.230 27.168 17.392  

Ӑ AM4 AM5 AM6 Ṷ∟ѩ  

AM4 ʟ -4.938*** 4.838*** AM5ʥAM4ʥAM6 

AM5  ʟ 9.776*** 

AM6   ʟ 

ȸLevene ứⱢ p Ɫ 0.803Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 

AM4ȸ 2.5%ʞẐ 2.5%ʞ о 0.5%ʞϮ҇ 1.5%ʞ Ѭ 93% 

AM5ȸ 2.5%ʞẐ 2.5%ʞХ І 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.7 C6 ╬ ѠПᴥד a* ứ 

Ϯ Л֝ ╬ ѠӦᴥ Ἤ Пᴥד a* Ȳ ᴩ ֪І иέȲἬ

Ὠֽῶ 4-27ἬӱȲẔМ pʤ0.001 ӱ Ѡ ẓצ ἤ ȴ 

 

ῶ 4-27 C6 ╬ ѠП a* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C6 ╬ 

Ѡ Ӑ 

Ɏa* ɏ 

+Ẑ  

+ о  
0.418 

68.159 2 6969.232 0.000*** 
+Ẑ  

+Х І 
4.862 

+Ẑ  

+ Ṹ  
0.266 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C6 ╬ Ѡ Ӑ֯ᴥד a* П

ȲἬ Ὠֽῶ 4-28ἬӱȴϮ Ѡ֯ a* Ҡ ᶧֽϯ AM5ʥAM4ʥAM6Ȳ

AM5 Ѡᾼ a* Ɫ 4.862ȲC6 ѠП a* Ɫ 1.950Ȳ ᴥ֯ҒϠ ╬ Х І∟Ȳ

ᴥמּ ȲӦᴚ ╥Ɫ ᴥȴ 

 

ῶ 4-28 C6 ╬ Ѡ a* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  0.418 4.862 0.266  

Ӑ AM4 AM5 AM6 Ṷ∟ѩ  

AM4 ʟ -4.444*** 0.152*** AM5ʥAM4ʥAM6 

AM5  ʟ 4.596*** 

AM6   ʟ 

ȸLevene ứⱢ p Ɫ 0.027Ɏpʤ0.05ɏȲ ч ֝ ἤ ứȲ֪ױṶ∟

ứ ӣ DunnettT3ᾎȴ 

AM4ȸ 2.5%ʞẐ 2.5%ʞ о 0.5%ʞϮ҇ 1.5%ʞ Ѭ 93% 

AM5ȸ 2.5%ʞẐ 2.5%ʞХ І 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.8 C6 ╬ ѠПᴥד b* ứ 

    Ϯ Л֝ C6 ╬ Ѡ֯ᴥ Ἤ П b* Ȳѿ ֪І иέ╬∟

ᴥ֯ᴥד b* ϱ╥ᵡצ ȲἬ Ὠֽῶ 4-29ἬӱȲẔМ pʤ0.001 ӱ

Ѡ ẓצ ἤ ȴ 

 

ῶ 4-29 C6 ╬ ѠП b* П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C6 ╬ 

Ѡ Ӑ 

Ɏb* ɏ 

+Ẑ  

+ о  
-0.048 

8.990 2 1165.509 0.000*** 
+Ẑ  

+Х І 
0.724 

+Ẑ  

+ Ṹ  
-1.162 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C6 ╬ Ѡ Ӑ֯ᴥד b* П

ȲἬ Ὠֽῶ 4-30ἬӱȴϮ Ѡ֯ b* Ҡ ᶧֽϯ AM5ʥAM4ʥAM6Ȳ

AM5 ѠП b* Ɫ 0.724ȲC6 ѠП b* Ɫ 0.352ȲҒϤ ╬ Х І ṿ ᴥ

ȴAM4 Ѡế AM6 ѠП b* Ɫ-0.048ế-1.162Ȳṿӣ о ế

Ṹ ╬ ȲЛ Ғ ᴥ Ȳ ṿ ᴥ ᴥ ȴ 

 

ῶ 4-30 C6 ╬ Ѡ b* Пכ Ṷ∟ѩ ῶ 

ӂᶁ  -0.048 0.724 -1.162  

Ӑ AM4 AM5 AM6 Ṷ∟ѩ  

AM4 ʟ -0.772*** 1.114*** AM5ʥAM4ʥAM6 

AM5  ʟ 1.886*** 

AM6   ʟ 

ȸLevene ứⱢ p Ɫ 0.693Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 

AM4ȸ 2.5%ʞẐ 2.5%ʞ о 0.5%ʞϮ҇ 1.5%ʞ Ѭ 93% 

AM5ȸ 2.5%ʞẐ 2.5%ʞХ І 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.9 C6 ╬ ѠПᴥ ʄE ứ 

Ϯ Л֝ C6 ╬ Ѡ֯ᴥ Ἤ ПʄE Ȳѿ ֪І иέ╬∟

ᴥ֯ᴥ ϱ╥ᵡצ ȲἬ Ὠֽῶ 4-31ἬӱȲẔМ pʤ0.001 ӱ Ѡ

ẓצ ἤ ȴʄE ҅ῶ╬ᴥ ὨȲἬ П ЄȲ҅ῶ╬∟ ᴥ

Єȴ 

 

ῶ 4-31 C6 ╬ ѠПᴥ ʄE П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

C6 ╬ 

Ѡ Ӑ 

ɎʄE ɏ 

+Ẑ  

+ о  
58.030 

214.091 2 4186.922 0.000*** 
+Ẑ  

+Х І 
53.404 

+Ẑ  

+ Ṹ  
62.658 

ȸ*** ῶӱ p<0.001ȴ 
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֪ Ѡ ẓצ ἤ ȲѿṶ∟ ứѩ C6 ╬ Ѡ Ӑ֯ᴥ ʄE П

ȲἬ Ὠֽῶ 4-32ἬӱȴϮ Ѡ֯ʄE Ҡ ᶧֽϯ AM6ʥAM4ʥ

AM5ȲʄE иᵑⱢ 62.658ȳ58.030ế 53.404ȲC6 ᴥ ѠПʄE Ɫ 49.800Ȳ

ҒϠױϮ ╬ ∟Ȳ╬ᴥ ὨꞋ ὑ C6 ᴥ ѠȲẔМѿ Ṹ ᾼ ╬

Ὠ ֻȴ 

 

ῶ 4-32 C6 ╬ ѠʄE Пכ Ṷ∟ѩ ῶ 

ӂᶁ  58.030 53.404 62.658  

Ӑ AM4 AM5 AM6 Ṷ∟ѩ  

AM4 ʟ 4.626*** -4.628*** AM6ʥAM4ʥAM5 

AM5  ʟ -9.254*** 

AM6   ʟ 

ȸLevene ứⱢ p Ɫ 0.402Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ 

AM4ȸ 2.5%ʞẐ 2.5%ʞ о 0.5%ʞϮ҇ 1.5%ʞ Ѭ 93% 

AM5ȸ 2.5%ʞẐ 2.5%ʞХ І 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.4.10 ╬ Ӑ╬ᴥ Ὠ  

    Ӧׁשṅ Ὠ ῀ȲC4Ϯ ╬ Ѡ C6Ϯ ╬ ѠȲ╬∟ ᴥ֯Ὑ⇔ȳ

ᴥדцᴥ ϱȲ֯ L* ȳa* ȳb* цᴥ ʄE Ѡ Ȳиᵑẓצ ἤ Ȳ

Ҡ ӦṶ∟ ứ Ṿ ῶ ȴ 

    ֯ C4 ╬ ѠѠ Ȳѿ C4 ᴥ ѠɎ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ

Ѭ 93.5%ɏⱢ ȲиᵑҒϤὙ ȳ ᴊế Ṹ Ϯ ╬ Ȳ

Ẕ ᴥ оȴׁשṅ Ὠ ȲҒϤὙ ∟Ȳ ╬ᴥ Ὠḥצ ὑ C4 ᴥ ѠȲ

ᵀ ṿּמᴥ ế ᴥ Ȳṳṿ╬∟ ᴥḆὙ‐ȴҒϤ ᴊế Ṹ Ȳ

╬ᴥ Ὠ ὑ C4 ᴥ ѠȲѹṿὙ⇔ Ȳa* ȳ b* ᵅȲӣᴚ  

ᴥⱢẲ ᴥế ᴥȲ ֥ὧѠϢ ᴥȲẔМṿӣ AM3 Ѡᾼ L* ȳa * ȳb*

Ꞌᵅὑ AM2 ѠȲʄE ὑ AM2 ѠȲ֪ױȲṿӣ Ṹ C4 ᴥ Ѡᾼ

╬ Ȳ ֥ ᴥṆ╬ ᾼӭ ȴ 

֯ C6 ╬ ѠѠ Ȳѿ C6 ᴥ ѠɎ 2.5%ʞẐ 2.5%ʞϮ҇ 1.5%

ʞ Ѭ 93.5%ɏⱢ ȲиᵑҒϤ о ȳХ Іế Ṹ Ϯ ╬ Ȳ

Ẕ ᴥ оȲׁשṅ Ὠ ȲױϮ ╬ Ꞌ ṿ ᴥ ȷҒϤ ╬ Х

ІȲ ṿ ᴥᾼּמᴥ ế ᴥ ϚṷȲṿ╬∟ ᴥ כ ᴥȴӣ о ế

Ṹ ╬ Ȳṿ L* ȳa * ȳb* ᵅȲ╬∟ ᴥⱢ ᴥȲ ֥ὧѠ

Ϣ ᴥȷAM6 ѠᾼʄE Ɫ 62.658Ȳ ὑ AM4 ѠᾼʄE 58.030Ȳ֪ױȲ

Ṹ C6 Ѡᾼ ╬ Ὠ ֻȲ о ПȲṿӣХװ І ╬ Ȳ ṿ

כ ᴥȲѹ щ ȴ 

    AM3 Ѡế AM6 Ѡדѩ ȲL* иᵑⱢ 16.342 ế 17.392ȲʄE иᵑ

Ɫ 63.360ế 62.658ȲAM3 Ѡѩ AM6 Ѡ╬∟ ᴥḆ ȳ╬ᴥ ὨḆֻȲ֪ױȲ

AM3 ѠⱢױг ╬ ѠМ ṾП ╬ Ѡȴ 
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4.5Ѭ♃ ᴥ ╬ Пצ ἤ ᴷ 

ậ ᴥ ṾẒ Ѡ-C4ế C6 Ѡ ╬ г ѠȲ Ѭ♃

Ȳ ᴩ╬ Пצ ἤ ᴷȴѿ Ѭ ᴩứ ȳứ ứȲ ᴩ Ѭ♃Ȳװ8

ḕװѬ♃∟ӣᴥ ѱ ᴩ ᴥȲṼ Ἤ Ȳѿ╬∟♃ ҟ ϥװ

Ѭ♃П Ӑ ᴥ Ȳṳѿ ֪І иέᴕ ϥװѬ♃∟П Ȳѿ

Ḗ Ӑ П Ṿ Ѡȴׁשṅ Ὠи ֽϯȸ4.5.1Ѭ♃ ӐПᴥ цᴥ Ȳ4.5.2

Ѭ♃ Ӑ ᴥ ứȲ4.5.3Ѭ♃ Ӑᴥ ứȲ4.5.4Ѭ♃ ᴥ ╬ צ

ἤП ȴ 

4.5.1Ѭ♃ ӐПᴥ цᴥ  

ϥ ╬ᴥ ѠȲ ϥװѬ♃ ȲἬ ֽῶ 4-33ȸ 

ῶ 4-33 ѠѬ♃ ӐПᴥ цᴥ  

ᴥ Ѡ Ѭ♃װ  L*  a* b* ʄE 

C4 ╬∟♃  21.826±0.125 4.960±0.045 6.360±0.245 55.370±0.072 

Ϛ54.746±0.278 5.228±0.028 4.630±0.045 23.190±0.296 װ 

ϡ55.795±0.370 4.506±0.316 4.672±0.087 22.416±0.246 װ 

Ϯ55.190±0.175 4.384±0.125 4.762±0.080 23.246±0.231 װ 

ҳ52.808±0.226 5.286±0.173 5.200±0.065 25.462±0.193 װ 

Х53.604±0.105 4.960±0.106 4.936±0.038 24.718±0.097 װ 

г51.008±0.178 6.394±0.153 5.272±0.106 26.896±0.176 װ 

ϝ47.744±0.347 8.382±0.493 5.176±0.061 29.624±0.309 װ 

ϥ49.810±0.135 6.254±0.188 5.184±0.100 28.402±0.072 װ 

C6 ╬∟♃  34.138±0.192 1.950±0.029 0.352±0.089 49.800±0.183 

Ϛ47.326±0.218 2.080±0.146 1.792±0.064 35.920±0.183 װ 

ϡ45.144±0.404 3.382±0.340 1.700±0.044 37.688±0.251  װ 

Ϯ45.782±0.303 2.530±0.224 2.044±0.034 37.594±0.242 װ 

ҳ45.336±0.291 3.270±0.270 2.442±0.097 37.500±0.284 װ 

Х45.906±0.242 2.842±0.075 2.302±0.083 37.128±0.356 װ 

г44.280±0.396 3.512±0.133 2.306±0.111 38.726±0.423 װ 
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ϝ43.920±0.259 3.812±0.112 2.484±0.060 38.928±0.283 װ 

ϥ43.966±0.125 3.44±0.135 2.204±0.077 39.230±0.108 װ 

AM1 ╬∟♃  24.978±0.196 9.444±0.159 10.198±0.156 50.570±0.229 

Ϛ53.710±0.243 6.654±0.180 7.916±0.158 23.078±0.207 װ 

ϡ50.176±0.141 8.114±0.093 7.866±0.208 26.342±0.113  װ 

Ϯ49.130±0.172 6.998±0.140 7.520±0.100 28.130±0.158 װ 

ҳ48.894±0.398 7.546±0.172 7.392±0.222 28.074±0.355 װ 

Х48.618±0.388 7.418±0.175 7.542±0.146 28.446±0.372 װ 

г47.832±0.175 7.872±0.113 7.516±0.065 29.168±0.164 װ 

ϝ45.958±0.057 8.444±0.108 7.210±0.133 30.946±0.097 װ 

ϥ46.140±0.264 7.722±0.514 7.348±0.131 31.196±0.091 װ 

AM2 ╬∟♃  18.956±0.102 3.496±0.084 3.192±0.148 59.862±0.052 

Ϛ59.082±0.323 4.100±0.058 3.802±0.030 19.320±0.378 װ 

ϡ57.404±0.108 3.906±0.092 3.994±0.074 21.392±0.143  װ 

Ϯ55.846±0.104 4.482±0.144 4.322±0.040 22.874±0.093 װ 

ҳ55.520±0.341 5.062±0.077 4.478±0.083 22.900±0.376 װ 

Х54.440±0.358 5.358±0.148 4.470±0.125 23.982±0.345 װ 

г53.798±0.334 5.966±0.132 4.550±0.067 24.366±0.312 װ 

ϝ51.572±0.568 7.396±0.488 4.358±0.083 26.106±0.374 װ 

ϥ51.508±0.220 6.676±0.203 4.542±0.099 26.600±0.157 װ 

AM3 ╬∟♃  16.342±0.229 0.644±0.009 -0.274±0.009 63.360±0.194 

Ϛ64.306±0.137 0.488±0.117- 0.474±0.058 15.372±0.150 װ 

ϡ64.068±0.247 0.722±0.198- 0.542±0.060 15.796±0.334  װ 

Ϯ64.394±0.071 0.874±0.229- 0.476±0.063 15.504±0.186 װ 

ҳ63.980±0.100 0.254±0.032- 0.408±0.083 15.616±0.106 װ 

Х63.532±0.163 0.300±0.180 0.108±0.018 15.822±0.100 װ 

г63.614±0.029 0.376±0.156 0.246±0.115 15.674±0.060 װ 

ϝ63.480±0.033 0.350±0.091 0.108±0.022 15.852±0.075 װ 

ϥ63.844±0.221 0.420±0.372- 0.280±0.120 15.888±0.065 װ 

AM4 ╬∟♃  22.230±0.162 0.418±0.016 -0.048±0.048 58.030±0.154 

Ϛ52.866±0.082 2.898±0.026 0.550±0.042 26.472±0.088 װ 

ϡ51.954±0.446 2.984±0.194 0.642±0.026 27.518±0.425  װ 

Ϯ52.300±0.428 2.898±0.413 0.654±0.086 27.152±0.308 װ 

ҳ52.700±0.408 2.878±0.292 0.646±0.044 26.680±0.303 װ 

Х51.716±0.438 3.176±0.116 0.706±0.049 27.668±0.452 װ 

г51.714±0.421 3.608±0.317 0.652±0.079 27.380±0.588 װ 
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ϝ51.652±0.212 3.150±0.227 0.532±0.049 27.776±0.120 װ 

ϥ52.074±0.374 2.858±0.078 0.676±0.028 27.700±0.346 װ 

AM5 ╬∟♃  27.168±0.205 4.862±0.116 0.724±0.050 53.404±0.195 

Ϛ52.750±0.251 0.058±0.049- 3.948±0.042 28.564±0.289 װ 

ϡ50.252±0.168 0.734±0.095 4.090±0.067 30.928±0.543  װ 

Ϯ50.648±0.300 0.280±0.225 4.246±0.068 31.016±0.207 װ 

ҳ50.036±0.201 0.518±0.084 3.934±0.081 31.612±0.193 װ 

Х50.160±0.162 0.576±0.169 3.948±0.096 31.404±0.200 װ 

г50.106±0.072 0.448±0.072 4.150±0.058 31.614±0.134 װ 

ϝ50.360±0.401 0.328±0.073 3.784±0.080 31.380±0.406 װ 

ϥ49.120±0.163 0.752±0.088 3.982±0.095 32.626±0.250 װ 

AM6 ╬∟♃  17.392±0.165 0.266±0.032 -1.162±0.082 62.658±0.122 

Ϛ56.574±0.604 1.978±0.263 0.016±0.087- 22.640±0.556 װ 

ϡ54.486±0.140 3.356±0.172 0.122±0.099 24.228±0.202  װ 

Ϯ54.102±0.337 3.510±0.212 0.358±0.034 24.570±0.277 װ 

ҳ49.892±0.294 5.254±0.057 0.400±0.048 28.464±0.317 װ 

Х51.230±0.415 4.778±0.091 0.330±0.023 27.180±0.459 װ 

г50.998±0.164 4.912±0.118 0.546±0.035 27.358±0.249 װ 

ϝ51.688±0.187 4.838±0.186 0.372±0.055 26.586±0.138 װ 

ϥ51.000±0.207 4.790±0.315 0.610±0.072 27.424±0.169 װ 

C4   ȸ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C6   ȸ 2.5%ʞẐ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

AM1ȸ 2.5%ʞ Ѥ 2.5%ʞὙ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM2ȸ 2.5%ʞ Ѥ 2.5%ʞ ᴊ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM4ȸ 2.5%ʞẐ 2.5%ʞ о 0.5%ʞϮ҇ 1.5%ʞ Ѭ 93% 

AM5ȸ 2.5%ʞẐ 2.5%ʞХ І 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 
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4.5.2Ѭ♃ Ӑ ᴥ ứ 

4.5.2.1 Ѭ♃ ♃ Ӑᴥ Ὑ⇔П  

ῶ 4-33ПѬ♃ Ӑ L* Ȳ ♃Ѭװϥכ Ӑ L* ᷉ Ɏ 4-9ɏȴ

Ӧ 4-9ҠכҏȲ ӦѬ♃∟֢ Ӑ L* ᾼ о ȴC4ȳC6ȳAM1ȳAM2ȳ

AM4ȳAM5ȳAM6 Ѡᾼ Є Ȳ֝ד ᵧ ϱ ᾼ Ȳῶӱ L* ẃ Ȳ

ᴥ ӦѬ♃∟ ẃ ‐ȴẔМ ᵑᾼ╥ AM3 ѠȲᵧ ứᾼ ȲL*

ѾḥצὙ ᾼ оȲ ӱѬ♃ ḵ⇔ṏֻȴ 

♃∟╬ҵȲѿױ L* ҟ ϥװѬ♃ L* П ᴥ Ȳеֽהϯȸ

ᴥ ʦ|Ɏ╬∟♃ L* ʟ ϥװѬ♃ L* ɏ|ȴ Ἤ Ὠֽῶ 4-34ȲẔМ

AM6ᾼ L* ᴥ ֵȲ 10.032Ȳᴖ AM3 ᾼ L* ᴥ юȲ Ѿ ꜙ

ᴥȲ ᴥ Ɫ 0.454ȴᴥ Ὑ⇔ ᴥ ᶧֽϯȸAM6ʥAM2ʥC4ʥAM1ʥAM4

ʥAM5ʥC6ʥAM3ȴ 
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Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ ҳװ Хװ гװ ϝװ ϥװ
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AM6

4-9 Ѭ♃ Ӑᴥ Ὑ⇔᷉  

 

ῶ 4-34Ѭ♃ Ӑᴥ Ὑ⇔ ᴥ ứῶ 

Ѡ ╬∟♃ ɎLɏ ϥװѬ♃ ɎLɏ ᴥ  

C4 21.826 28.402 6.576 

C6 34.138 39.230 5.092 

AM1 24.978 31.196 6.218 

AM2 18.956 26.600 7.644 

AM3 16.342 15.888 0.454 

AM4 22.230 27.700 5.470 

AM5 27.168 32.626 5.458 

AM6 17.392 27.424 10.032 
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4.5.2.2 Ѭ♃ Ӑᴥ ᴥד a*П  

ῶ 4-33ПѬ♃ Ӑ a* Ȳ ♃Ѭװϥכ Ӑ a* ᷉ Ɏ 4-10ɏȴ

Ӧ 4-10ҠכҏȲ ӦѬ♃∟֢ Ӑ a* ᾼ о ȴC4ȳC6ȳAM2ȳAM4ȳ

AM6 Ѡᾼ Є Ȳ֝ד ῶכ ẃᵧ ϱ Ȳῶӱ a* ẃ ȴᴖ

AM1ȳAM3ȳAM5 ѠȲ⁄ᵧ ϯ ᾼ ȴ 

ҫҵȲ ϥװѬ♃∟ a* ᾼ ᴥ ῶכ 4-35Ȳa* ᾼ ᴥ Ȳѿ AM1

Ѡᾼ ᴥ ȲAM2ȳAM5 ѠװПȲ иᵑⱢ 2.096ȳ1.046ȳ0.880ȴ 

 

Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ ҳװ Хװ гװ ϝװ ϥװ
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ῶ 4-35 Ѭ♃ Ӑᴥ ᴥד a* ᴥ ứῶ 

Ѡ ╬∟♃ Ɏa*ɏ ϥװѬ♃ Ɏa*ɏ ᴥ  

C4 4.960 5.184 0.224 

C6 1.950 2.204 0.254 

AM1 9.444 7.348 2.096 

AM2 3.496 4.542 1.046 

AM3 0.644 0.280 0.364 

AM4 0.418 0.676 0.258 

AM5 4.862 3.982 0.880 

AM6 0.266 0.610 0.344 

 

4.5.2.3 Ѭ♃ Ӑᴥ ᴥד b*П  

ῶ 4-33ПѬ♃ Ӑ b* Ȳ ♃Ѭװϥכ Ӑ b* ᷉ Ɏ 4-11ɏȴ

Ӧ 4-11ҠכҏȲ ӦѬ♃∟֢ Ӑ b* ᾼ о Ȳϥ Ӑᾼ b* ֯

ϚװѬ♃ צ Єᾼ оȲ∟ ὑӂ ȴד ὑ L* ц a* Ȳb* ֯

Ѭ♃ М Л ứȲҠ ᾼ ֪ⱢҒϤ ╬ Ḃ ᴥדȲᴖ֯Ѭ♃ М כ

ᾼ Ȳ֪ᴖ ϱᾼḂדᴥכ Ȳ֪ᴖ כ b* ᾼЛ ứȴ 

֯ b* ᴥ Ѡ Ȳ Ὠ ῶכ 4-36Ȳ֯ ᴥ ҒẐ ᴥ Ṇԝ

МȲAM6 Ѡᾼ ᴥ Ȳ ᴥ Ɫ 5.952ȲAM6 ѠҒϠ Ṹ ╬ Ȳ

ӦױҠ῀ Ṹ C6 ѠצҒ ᴥᾼ ὨȲᵀ Ѭ♃∟Ȳb* Ȳ֯ᴥ

ד b* ᾼ оЄȲῶӱ Ṹ ֯ C6 ѠМ b* ᾼ ứἤЛֻȷчПȲ AM5

Ѡ╥ѿХ І ╬ Ȳ ᴥ 0.028Ȳ֯ C6 ѠМ b* ᾼ ứἤ ֻȴ֯

Ғ Ѥ ѠМȲѿ AM3 ứἤ ṾȲ ᴥ 0.146Ȳ҅ױῶҒϤ Ṹ

╬ ȲҠҒ ᴥ ὨȲѹЛὔ ᴥȲẓᴥד ứἤȴ 
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Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ ҳװ Хװ гװ ϝװ ϥװ
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4-11 Ѭ♃ Ӑᴥ ᴥד b*᷉  

 

ῶ 4-36 Ѭ♃ Ӑᴥ ᴥד b* ᴥ ứῶ 

Ѡ ╬∟♃ Ɏb*ɏ ϥװѬ♃ Ɏb*ɏ ᴥ  

C4 6.360 6.254 0.106 

C6 0.352 3.440 3.088 

AM1 10.198 7.722 2.476 

AM2 3.192 6.676 3.484 

AM3 -0.274 -0.420 0.146 

AM4 -0.048 2.858 2.906 

AM5 0.724 0.752 0.028 

AM6 -1.162 4.790 5.952 
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4.5.2.4 Ѭ♃ Ӑᴥ ᴥ П  

ῶ 4-33ᾼѬ♃ ӐʄE Ȳ ♃Ѭװϥכ ӐʄE ᷉ Ɏ

4-12ɏȴ 4-12ҠכҏȲ ӦѬ♃∟֢ ӐʄE ᾼ о Ȳ Ϡ AM3

Ѡ╥ ứᾼ═ӂ ȲѬ♃ ḵ⇔ṏֻȷẔ ϝ Ӑ ╥ᵧ ϯ ᾼ Ȳ

ӱѬ♃∟ʄE ẃ ЊȲᵧ ᴥ Ὠȴ 

֯ʄE ᴥ Ѡ Ȳ Ὠ ῶכ 4-37 4-13ȴᴥ ᴥ ЊȲ҅

ῶ╬ᴥПצ ἤ ȷֻʄE ᴥ ᶧֽϯȸAM6ʥAM2ʥAM4ʥC6ʥC4ʥAM1

ʥAM5ʥAM3ȴ 

Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ ҳװ Хװ гװ ϝװ ϥװ
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4-12 Ѭ♃ Ӑᴥ ᴥ ᷉  
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ῶ 4-37 Ѭ♃ Ӑᴥᴥ ᴥ ᴥ ứῶ 

Ѡ ╬∟♃ ɎʄE ɏ ϥװѬ♃ ɎʄE ɏ ᴥ  

C4 55.370 49.810 5.560 

C6 49.800 43.966 5.834 

AM1 50.570 46.140 4.430 

AM2 59.862 51.508 8.354 

AM3 63.360 63.844 0.484 

AM4 58.030 52.074 5.956 

AM5 53.404 49.120 4.284 

AM6 62.658 51.000 11.658 

 

Ѭ♃ Ӑ
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4-13 Ѭ♃ Ӑᴥ ᴥ ᴥ  
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4.5.3Ѭ♃ Ӑᴥ ứ 

  C4ȳC6ȳAM1ᴟ AM6ϥ ӐȲ ϥװѬ♃∟Ȳ ϥװѬ♃ ᴩ

֪І иέȲἬ Ὠֽῶ 4-38ἬӱȴἬצ ứ Ɫ Pʤ0.001Ȳῶӱϥ

Ӑ ϥװѬ♃∟Ȳ Ӑ ᴥ ẓצ ἤ ȴ 

  ֪ Ӑ ẓצ ἤ ȲѿṶ∟ ứѩ Ѭ♃ Ӑ֯ ϥװѬ♃ᴥ ʄE

П ȲἬ Ὠֽῶ 4-39ἬӱȲ ẞ ᶧֽϯȸAM3ʥAM4ʥAM2ʥAM6ʥ

C4ʥAM5ʥAM1ʥC6ȴױ ᶧ Ὠ҅ῶȲἬצ Ӑ ϥװѬ♃∟Ȳ╬ᴥᴥ П

Ȳ֕ẔМ AM3Ɏ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5%ɏ

֯Ѭ♃∟ẓצ Ṿᴥ ῶ ȴ 

 

ῶ 4-38 ϥװѬ♃ Ӑᴥ ʄE П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

Ѡ Ӑ 

ɎʄE ɏ 

C4 49.810 

1221.955 7 3403.987 0.000*** 

C6 43.966 

AM1 46.140 

AM2 51.508 

AM3 63.844 

AM4 52.074 

AM5 49.120 

AM6 51.000 

ȸ*** ῶӱ p<0.001ȴ 
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ῶ 4-39 ϥװѬ♃ Ӑᴥ ʄE Пכ Ṷ∟ѩ ῶ 

ȸLevene ứⱢ p Ɫ 0.658Ɏp>0.05ɏȲ֪ױṶ∟ ứ ӣ LSDᾎȴ

ӂᶁ  49.810 43.966 46.140 51.508 63.844 52.074 49.120 51.000  

Ӑ C4 C6 AM1 AM2 AM3 AM4 AM5 AM6 Ṷ∟ѩ  

C4 ʟ 5.844*** 3.670*** -1.698*** -14.034*** -2.264*** 0.690*** -1.190*** AM3ʥAM4ʥAM2ʥ

AM6ʥC4ʥAM5ʥ

AM1ʥC6 
C6  ʟ -2.174*** -7.542*** -19.878*** -8.108*** -5.154*** -7.034*** 

AM1   ʟ -5.368*** -17.704*** -5.934*** -2.980*** -4.860*** 

AM2    ʟ -12.336*** -0.566*** 2.388*** 0.508** 

AM3     ʟ 11.770*** 14.724*** 12.844*** 

AM4      ʟ 2.954*** 1.074*** 

AM5       ʟ -1.880*** 

AM6        ʟ 
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4.5.4Ѭ♃ Ӑ╬∟Ѭ♃ᴥ  

ῶ 4-40Ѭ♃ Ӑ╬∟Ѭ♃ᴥ  
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4.5.5Ѭ♃ ᴥ ╬ צ ἤП  

    ϥ Ѡ ϥװѬ♃∟П L*ȳa*ȳb*ȳʄE ᴩѩ Ȳ֯Ὑ⇔Ѡ Ȳѿ

C6 Ѡᾼ L* ȲAM3 Ѡᾼ L* ᵅȲῶӱ AM3 Ѡ ϥװѬ♃∟Ȳ

ᴥЬ ╥ ᾼȴ֯ a* ế b* Ѡ ȲAM1 Ѡ ϥװѬ♃∟Ȳa* ế b*

Ь╥ ȴ֯ᴥ ʄE Ѡ Ȳ ϥװѬ♃Ȳѿ AM3 ѠᾼʄE Єȴ֯ϥ

ѠМЬ’צ Єᾼᴥ ὨȴAM3 ѠϥװѬ♃∟ᾼ L*ȳa*ȳb* Ϸ╥ϥ

ѠМ ᵅᾼȲῶӱ ѱ ᴥ Ȳ ֥ὧѠϢ ᴥȲ╥ⱢѬ♃ ӐМᾼ Ṿ

Ѡȴ 

    ֯ ᴥ ᶮѠ ȲC4 Ѡᾼ ᴥ Ɫ 5.560Ȳ֯ҒϠ ╬ ᴊ∟ᾼ

ᴥ ϱсⱢ 8.354Ȳῶӱ ᴊ C4 ѠᾼѬ♃ ḵ⇔ḥצ ᵗȴC4 Ѡ֯Ғ

ϠὙ ế Ṹ ∟Ȳ ᴥ ϯ ᴟ 4.430ế 0.484Ȳ C4 ѠᾼѬ♃ ḵ⇔צ

сᾼᵂӣȴяẔҒϠ Ṹ ∟ᾼ ᴥ Ɫ 0.484 Ѿḥצ ᴥȲѬ♃ ḵ⇔

ṏֻȲ ╬ Ṹ C4 Ѡצ ҒѬ♃ ḵ⇔ᾼғ ȴ 

    ҫҵȲC6 Ѡ ϥװѬ♃ Ӑᾼ ᴥ Ɫ 5.834Ȳ֯ҒϠ ╬ Ṹ ∟Ȳ

ᴥ ϱсᴟ 11.658Ȳ ֯╬∟П L* 17.392ȳʄE 62.658 ὑװ AM3

ѠȲ ᴥ ȳᴥ ЄȲT ╬ Ṹ C6 ѠᾼѬ♃ ḵ⇔ḥצ ᵗȴ

ҵȲױ ╬ о Х ІȲ C6 ѠᾼѬ♃ ḵ⇔צἬ ᵗȲѬ♃∟ ᴥ

иᵑⱢ 5.956ế 4.284ȲХ І ὑ о ȴ 

    ӦϥװѬ♃ᴕ ╬ᴥ Ὠᾼצ ἤȲѿ AM3 Ѡ ᴥ 0.484 ṾȲҫᴕ

ϥװѬ♃∟Пᴥ ȲϷ╥ѿ AM3 Ѡᴥ ЄȲ ὑẔ҃ϝ ѠȲ

ὑϱ Ẓ ῶ ȲAM3 ѠⱢӐ П Ṿ ѠȲṳ Ɫ∟ Ӫ П

Ѡȴ 

 



 

-94- 

 

4.6Ѭ♃ ᴥ ╬ Ӫ ╬ᴥПצ ἤ ᴷ 

ậ ᴥ 10%ʞϮ҇ 1.5%ʞ Ѭ 88.5%Ȳ כ Ѡ C9Ȳ ᴥ

Ṿ Ѡ C4ȳ ╬ Ṿ Ѡ AM3Ɏ ╬ẒװɏȲ Ϯ Ѡ ᴩӪ ╬ᴥѬ

צ♃ ἤ ȲẔМ Ѡ C9Ɫ ᴥ Ȳ ԉ ᴥ Ѡ ╬ ѠП

ȴϮ Ѡѿ Ѭ ᴩứ ȳứ ứȲ ᴩϮװѬ♃ȲḕװѬ♃∟ӣᴥ

ѱ ᴩ ᴥȲṼ Ἤ Ȳѿ╬∟♃ ҟ ϮװѬ♃П

Ӑ ᴥ Ȳṳѿ ֪І иέᴕ ϮװѬ♃∟П ȲѿḖ Ӑ П

Ṿ Ѡȴׁשṅ Ὠи ֽϯȸ4.6.1Ӫ Ѭ♃ ӐПᴥ цᴥ Ȳ4.6.2Ӫ Ѭ♃

Ӑ ᴥ ứȲ4.6.3Ӫ Ѭ♃ Ӑᴥ ứȲ4.6.4Ѭ♃ ᴥ ╬ Ӫ

╬ᴥצ ἤП ȴ 

 

4.6.1Ӫ Ѭ♃ ӐПᴥ цᴥ  

C9ȳC4ȳAM3Ϯ ѠȲ ϮװӪ Ѭ♃ ȲἬ ֽῶ 4-41ȸ 

 

  ῶ 4-41Ӫ Ѭ♃ ӐПᴥ цᴥ  

ᴥ Ѡ Ѭ♃װ  L*  a* b* ʄE 

C9 ╬∟♃  53.654±0.139 14.698±0.096 10.120±0.045 25.098±0.140 

Ϛ22.108±0.125 10.868±0.137 14.434±0.060 57.068±0.158 װ 

ϡ20.158±0.152 12.440±0.226 13.750±0.060 58.576±0.234 װ 

Ϯ18.354±0.150 13.084±0.104 13.348±0.146 60.498±0.234 װ 

C4 ╬∟♃  54.874±0.206 26.286±0.172 52.666±0.440 48.334±0.465 

Ϛ48.740±0.241 57.056±0.337 24.102±0.151 58.996±0.297 װ 

ϡ48.846±0.205 56.370±0.274 26.266±0.373 60.288±0.287  װ 

Ϯ47.488±0.384 56.814±0.333 23.704±0.215 61.406±0.102 װ 

AM3 ╬∟♃  41.096±0.404 7.160±0.036 7.884±0.146 32.290±0.351 
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Ϛ25.854±0.271 10.798±0.083 6.464±0.088 46.956±0.282 װ 

ϡ24.352±0.447 13.862±0.090 6.890±0.149 48.024±0.442  װ 

Ϯ22.438±0.174 15.540±0.027 7.242±0.033 49.928±0.176 װ 

C9 ᴥ 10%ʞϮ҇ 1.5%ʞ Ѭ 88.5% 

C4ȸ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5%Ȳ ╬Ẓװȴ 

 

4.6.2Ӫ Ѭ♃ Ӑ ᴥ ứ 

C9ȳC4ȳAM3Ϯ ѠȲ ϮװӪ Ѭ♃ Ȳиᵑ ȸ4.6.2.1 Ӫ Ѭ♃

Ӑᴥ Ὑ⇔П ȷ4.6.2.2 Ӫ Ѭ♃ Ӑᴥ ᴥד a*П ȷ4.6.2.3 Ӫ

Ѭ♃ Ӑᴥ ᴥד b*П ȷ4.6.2.4 Ӫ Ѭ♃ Ӑᴥ ᴥ П ȴ 

4.6.2.1 Ӫ Ѭ♃ Ӑᴥ Ὑ⇔П  

ῶ 4-41ᾼӪ Ѭ♃ Ӑ L* Ȳ ӪװϮכ Ѭ♃ Ӑ L* ᷉

Ɏ 4-14ɏȴӦ 4-14ҠכҏȲ ӦѬ♃∟ Ȳ҅ױῶ Ӑ╬∟ ᴥ ӦѬ♃∟

ẃ Ȳѿ AM3 ѠП ЊȲ ᴥ Ȳᵀ ᴥ Ѭ♃ ѩ Ȳ AM3

ѠȲӦ ứ Ɫϱ ᾼ Ȳױῶӱ֯Ӫ ╬ᴥПכ ȴ 

♃∟╬ҵȲѿױ L* ҟ ϮװѬ♃ L* П ᴥ Ȳеֽהϯȸ

ᴥ ʦ|Ɏ╬∟♃ L* ʟ ϮװѬ♃ L* ɏ|ȴ Ἤ Ὠֽῶ 4-42ȲẔМ

AM3ᾼ L* ᴥ ֵ ᴥ Ɫ 8.832ȴᴥ Ὑ⇔ ᴥ ᶧֽϯȸAM3ʥC9ʥC4ȴ 
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4-14 Ӫ Ѭ♃ Ӑᴥ Ὑ⇔᷉  

 

 

ῶ 4-42 Ӫ Ѭ♃ Ӑᴥ Ὑ⇔ ᴥ ứῶ 

Ѡ ╬∟♃ ɎL*ɏ ϮװѬ♃ ɎL*ɏ ᴥ  

C9 53.654 60.498 6.844 

C4 54.874 61.406 6.532 

AM3 41.096 49.928 8.832 

 



 

-97- 

 

4.6.2.2 Ӫ Ѭ♃ Ӑᴥ ᴥד a*П  

ῶ 4-41ᾼӪ Ѭ♃ Ӑ a* Ȳ ӪװϮכ Ѭ♃ Ӑ a* ᷉

Ɏ 4-15ɏȴӦ 4-15ҠכҏȲ ӦѬ♃∟ C9ȳC4 Ӑ a* ᵧ ᾼ Ȳ

ᴖ AM3 Ӑ֯Ѭ♃∟Ȳ оЛЄȴ 

ҫҵȲ ϮװѬ♃∟ a* ᾼ ᴥ ῶכ 4-43Ȳa* ᾼ ᴥ Ȳѿ AM3

Ѡᾼ ᴥ ᵅȲ ứȴᴥ ᴥד a* ᴥ ᶧֽϯȸ C4ʥC9ʥAM3ȴ 

Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ

a
*
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20

25

30

C9

C4

AM3

 

4-15 Ӫ Ѭ♃ Ӑᴥ ᴥד a*᷉  

 

ῶ 4-43 Ӫ Ѭ♃ Ӑᴥ ᴥד a* ᴥ ứῶ 

Ѡ ╬∟♃ Ɏa*ɏ ϮװѬ♃ Ɏa*ɏ ᴥ  

C9 14.698 13.348 1.350 

C4 26.286 23.704 2.582 

AM3 7.160 7.242 0.082 
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4.6.2.3 Ӫ Ѭ♃ Ӑᴥ ᴥד b*П  

ῶ 4-41ᾼѬ♃ Ӑ b* Ȳ ♃Ѭװϥכ Ӑ b* ᷉ Ɏ 4-16ɏȴ

Ӧ 4-16ҠכҏȲ ӦѬ♃∟֢ Ӑ b* ᵧ с ȲẔМ C4ᴥד b* ד

ȴ 

֯ b* ᴥ Ѡ Ȳ Ὠ ῶכ 4-44ȲẔМ AM3П b* ᴥ 7.656Ȳ

Ɫױ AM3 Ѡ֯Ӫ Ѭ♃ Мᴥ ᴥПѻ֪ȴᴥ ᴥד b* ᴥ ᶧֽ

ϯȸ AM3ʥC4ʥC9ȴ 

Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ
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4-16 Ӫ Ѭ♃ Ӑᴥ ᴥד b*᷉  

ῶ 4-44Ӫ Ѭ♃ Ӑᴥ ᴥד b* ᴥ ứῶ 

Ѡ ╬∟♃ Ɏb*ɏ ϮװѬ♃ Ɏb*ɏ ᴥ  

C9 10.120 13.084 2.964 

C4 52.666 56.814 4.148 

AM3 7.884 15.540 7.656 
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4.6.2.4 Ӫ Ѭ♃ Ӑᴥ ᴥ П  

ῶ 4-41ᾼѬ♃ Ӑ E Ȳ ♃ѬװϮכ Ӑ E ᷉ Ɏ

4-17ɏȴ 4-17ҠכҏȲ ӦѬ♃∟֢ Ӑ E ᵧ ȲẔМ C4 Ѡ

ứȲӪ Ѭ♃ ḵ⇔ ֻȷC9ȳAM3 Ѡϯ Ὑ Ȳᵧ ᴥ Ὠȴ 

֯ E ᴥ Ѡ Ȳ Ὠ ῶכ 4-45 4-18ȴᴥ ᴥ ЊȲ҅

ῶ╬ᴥПצ ἤ ֻȷ E ᴥ ᶧֽϯȸAM3ʥC9ʥC4ȴ 

 

Ѭ♃ ◕

╬∟♃ Ϛװ ϡװ Ϯװ
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4-17 Ӫ Ѭ♃ Ӑᴥ ᴥ ᷉  
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ῶ 4-45 Ӫ Ѭ♃ Ӑᴥ ᴥ ᴥ ứῶ 

Ѡ ╬∟♃ Ɏ Eɏ ϮװѬ♃ Ɏ Eɏ ᴥ  

C9 25.098 18.354 6.744 

C4 42.334 47.488 5.154 

AM3 32.290 22.438 9.852 

 

 

Ӫ Ѭ♃ Ӑ

C9 C4 AM3

ᴥ
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4-18 Ӫ Ѭ♃ Ӑᴥ ᴥ ᴥ  
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4.6.3Ӫ Ѭ♃ Ӑᴥ ứ 

  C9ȳC4ȳAM3Ϯ ӐȲ ϮװѬ♃∟Ȳ ϮװѬ♃ ᴩ ֪І

иέȲἬ Ὠֽῶ 4-46ӱȴ ứ Pʤ0.001ȲῶӱϮ Ӑ ϮװѬ♃

∟Ȳ Ӑ ᴥ ẓצ ἤ ȴ 

 

ῶ 4-46Ӫ ϮװѬ♃Пᴥ E П иέῶ 

֪  І ֪ІѬ  ӂᶁ  
₤ III  

ӂѠế 
ᴞӦ⇔ F  ἤ 

Ѡ Ӑ 

Ɏ E ɏ 

ᴥ

10% 
18.354 

2488.286 2 14913.608 0.000*** 
+ Ѥ 

 
47.488 

ʞ Ѥ

ʞ Ṹ  
22.438 

ȸ *** ῶӱ p<0.001ȴ 
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֪ Ӑ ẓצ ἤ ȲѿṶ∟ ứѩ Ѭ♃ Ӑ֯ ϮװѬ♃ᴥ E

П ȲἬ Ὠֽῶ 4-47ἬӱȲ ẞ ᶧֽϯȸC4ʥAM3ʥC9ȴױ ᶧ Ὠ

҅ῶȲἬצӪ Ӑ ϮװѬ♃∟Ȳ╬ᴥᴥ П ֕ȲẔМ C4Ɏ 2.5%ʞ

Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɏ֯Ӫ Ѭ♃∟ẓצ Ṿᴥ ῶ ȴ 

 

ῶ 4-47 C4Ӫ ϮװѬ♃Пᴥ E Пכ Ṷ∟ѩ ῶ 

ӂᶁ  50.570 59.862 63.360  

Ӑ C9 C4 AM3 Ṷ∟ѩ  

C9 ʟ -29.134*** -4.084*** C4ʥAM3ʥC9 

C4  ʟ 25.050*** 

AM3   ʟ 

ȸLevene ứⱢ p Ɫ 0.017Ɏpʤ0.05ɏȲ ч ֝ ἤ ứȲ֪ױṶ∟

ứ ӣ DunnettT3ᾎȴ 

C9 ᴥ 10%ʞϮ҇ 1.5%ʞ Ѭ 88.5% 

C4ȸ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5%Ȳ ╬Ẓװȴ 
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4.6.4Ӫ ╬∟Ѭ♃ᴥ  

    

    Ӫ Ӧ C9ȳC4ȳAM3 Ѡ╬ᴥ∟Ȳԛ ϮװѬ♃Ἤ ╬ᴥ ὨȲֽῶ

4-48Ἤӱȴ 

ѩ Ӫ ╬∟♃ П╬ᴥ ὨȲC9 ѠП E Ɫ 25.098ȳC4 ѠП E Ɫ

48.334ȳAM3 ѠП E Ɫ 32.290ȲἬ ᶧֽϯȲC4 ѠʥAM3 ѠʥC9

ѠȴC4 ѠɎ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɏᾼӪ ╬ᴥ

Ὠ ֻȲ ᴥᵧ ᴥȲAM3 ѠṿӪ ᵧ Ẳ ᴥȲC9 Ѡᵧ  ᴥȴמּ

 

ῶ 4-48Ӫ ╬∟Ѭ♃ᴥ  

  Ѭ♃ 

╬  

╬∟ 

♃  

Ϛװ 

Ѭ♃ 

ϡװ 

Ѭ♃ 

Ϯװ 

Ѭ♃ 

C9 

    

C4 

    

AM3 

    

 



 

-104- 

 

4.6.5Ѭ♃ ᴥ ╬ Ӫ ╬ᴥצ ἤП  

ѿ C9ȳC4ȳAM3Ϯ Ѡ Ӑ ᴩӪ ╬ᴥȲ֯ ╬∟♃ Ἤ Пᴥ ῶ Ȳ

ᶁ ᴥ ╬ᴥ Ὠ ȲẔМԒ› Ṿ ѠП AM3 ѠȲ ᴥ Ӫ ╬ᴥ

ὨПᴥ ᴥ E Ӧ 63.360 ᴟ 32.290Ȳᴥ Ὑ⇔ L* ϷӦ 16.342ϱсᴟ

41.096Ȳ ӱ AM3 Ѡ Ӫ ╬ᴥ ὨȲᵧ ᴥȴ 

C9ȳC4ȳAM3Ϯ Ѡ Ӑ ᴩӪ Ѭ♃ Ȳ ϮװѬ♃∟ȲϮ

Ӑ L* ᵧ ϱ ᾼ Ȳ҅ῶѬ♃ ḵ⇔ЛṏȲẔМѿ AM3 Ѡᾼ L* ᴥ

ֵȲ ᴥ Ɫ 8.832ȴ֯Ѭ♃∟ᴥ ᴥדᾼ оȲᴥד a* ϯצ ᾼ Ȳᴥ

ד b* ϱᾼ֣צ ȲῶӱϮ Ӑ ϮװѬ♃∟ᴥד Ȳѿ C4ᴥד b*

ד ȴױҵȲAM3 ѠП a* ֯Ѭ♃ М оЛЄȲᵀ b* ᴥ

7.656ȲױᴥדП ȲӦ Ɫ Ȳ Ѭ♃∟ᴥḵ⇔ЛṾȲ כ AM3 Ѡ

֯Ӫ Ѭ♃ Мᴥ ᴥПѻ ֪ȴ 

ҵȲѿױ ϮװѬ♃Пᴥ ứ ᴩ иέȲ C4Ɏ 2.5%ʞ Ѥ 2.5%

ʞϮ҇ 1.5%ʞ Ѭ 93.5%ɏ֯Ӫ Ѭ♃∟ẓצ Ṿᴥ ῶ ȴ



 

-105- 

 

 4.7 ἤ ᴷ 

    Ɫ ϚḔϠ ᾼ ᴥ ╬ П ἤȲ ậ C1 Ѡȳ ᴥ Ṿ

П C4 Ѡ C6 Ѡȳ ╬ Ṿ ѠП AM3 Ѡ AM6 ѠȲ ᴩ ἤ ȴ

иᵑ ╬ᴥ ḇӣӰ ỆứȲѿ Ӱה йѱ ᵶצ ӐПӰ

ѱѿ20ɛmᾼ⁴⇔йכ ѱȲѿԏ йѱȲ ᴩ╬ ᴥ ᾼ

ἤ ᴷȴ Ѡ҅ цв ֽϯȸ 

C1   ȸ 5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C4   ȸ 2.5%ʞ Ѥ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

C6   ȸ 2.5%ʞẐ 2.5%ʞϮ҇ 1.5%ʞ Ѭ 93.5% 

AM3ȸ 2.5%ʞ Ѥ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

AM6ȸ 2.5%ʞẐ 2.5%ʞ Ṹ 1%ʞϮ҇ 1.5%ʞ Ѭ 92.5% 

4.7.1 C1 Ѡ ἤ ᴷ 

    C1 ѠⱢ ᴥ ╬ Ȳ 4-19Ɫ ᴥ Ȳ МБЛᵶ Ἦ ᴥ Ȳ

Ϛ Ѫ ПѪ פּ⇔⁴ 3ɛm~5ɛmȲ C1 Ѡ╬ᴥȲ Ȳṿӣ

ѐ Ȳ ᴥ פּ 12ɛmȲ ϥѬ♃∟Ȳ ᴥ ȲᵀЬ

ᴥצ ȴ 

   

   4-19 ᴥ П    4-20 C1 Ѡ╬∟♃   4-21 C1 ѠѬ♃ϥװ 

         йѱ                 П йѱ            П йѱ  

50�ô m 50�ô m 50�ô m 


