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ABSTRACT 
 Moringa is a Thai herb that can be eaten all parts and has many advantages. It can be 
also extracted substances as a food supplement such as oil by supercritical CO2 method. After 
oil extraction, Moringa seed meal still contains important substances such as protein that can 
be extracted by subcritical water method. Consequently, this research was aimed to study the 
effect of temperature, ratio between Moringa seed and water and time for extracting protein 
to be most effective by subcritical water. The results found that at 110 ÑC, the ratio of 10% 
Moringa (w/v) and the extraction time of 60 minutes showed the maximum protein quantity 
of 1584.15 µg using Bradford assay method. The molecular size of protein extracted from 
Moringa seed was 11-17 kDa using SDS-PAGE.  
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ตćøćงทĊęǰข.4 ĒÿéงÿćøêĆüĂ÷ŠćงìĊęüĉđคøćąĀŤĀćðøĉöćèēðøêĊîéšü÷üĉíĊǰBradford assay ĔîëćéìĊęǰ4   47 
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บททĊęǰ1 
บทนĞć 

1.1 คüćöđปŨนöćĒúąöĎúđĀตčจĎงĔจ 
ðøąđìýĕì÷đðŨîðøąđìýìĊęöĊคüćöĂčéöÿöïĎøèŤìćงìøĆó÷ćกøíøøöชćêĉǰจċงÿŠงñúĔĀšกćøđóćąðúĎก

óČชñúìćงกćøđกþêøöĊคčèõćóǰðøąđìýĕì÷จċงöĊกćøÿŠงĂĂกñúñúĉêìćงกćøđกþêøöćกðøąđìýĀîċęงขĂงēúกǰ

öąøčöđðŨîĕöš÷ČîêšîìĊęđêĉïēêĔîóČĚîìĊęđขêøšĂîǰðøąđìýĕì÷จċงöĊêšîöąøčöĂ÷ĎŠöćกǰคîĕì÷ÿŠüîĔĀญŠจąîĞćòŦกขĂง

öąøčööćðøčงĂćĀćøǰđชŠîǰĒกงÿšöǰĀøČĂîĞćđöúĘéöąøčööćÿกĆéîĚĞćöĆîđóČęĂîĞćĕðïĞćøčงñĉüóøøèǰกćøÿกĆéîĚĞćöĆîöąøčö

îĆĚîëČĂđðŨîกćøĒðøøĎðìĊęÿćöćøëđóĉęööĎúคŠćĔĀšđöúĘéöąøčöĕéšǰĒêŠĀúĆงจćกกćøÿกĆéîĚĞćöĆîĒúšüǰĔîđöúĘéöąøčööĊ

ēðøêĊîĂ÷ĎŠöćกǰซċęงēðøêĊîÿćöćøëîĞćöćĔชšđðŨîĂćĀćøđÿøĉöÿĞćĀøĆïöîčþ÷ŤǰซċęงëČĂđðŨîกćøĒðøøĎðìĊęÿŠงñúĔĀšÿĉîคšć

öĊöĎúคŠćđóĉęöขċĚîĒúąđðŨîกćøĔชšðøąē÷ชîŤจćกöąøčöĔĀšĕéšöćกìĊęÿčéǰĂĊกìĆĚงđðŨîกćøúéðøĉöćèข÷ąĀøČĂĒîü

ìćงกćøìĞćขĂงđÿĊ÷đðŨîýĎî÷Ť ǰ(zero waste) ēé÷ĔîกćøÿกĆéîĚĞ ćöĆîĂĂกจćกđöúĘéขĂงöąøčöéšü÷üĉíĊ
คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰ (Supercritical CO2 extraction) คČĂกćøĔชšคćøŤïĂîĕéĂĂกĕซéŤǰìĊęöĊ
คüćöéĆîöćกกüŠćǰ300ǰđìŠćขĂงคüćöéĆîïøø÷ćกćýĒúąĂčèĀõĎöĉìĊęđĀöćąÿöǰðøąöćèǰ40ǰĂงýćđซúđซĊ÷ÿǰซċęง

จąìĞćĀîšćìĊęคúšć÷กĆïกćøÿกĆééšü÷êĆüìĞćúąúć÷ǰéšü÷กćøúéคüćöéĆîõć÷ĀúĆงกćøÿกĆéǰคćøŤïĂîĕéĂĂกĕซéŤจą

đðúĊę÷îÿëćîąกúĆïกúć÷đðŨîĒกŢÿǰซċęงจąìĞćĔĀšÿćøìĊęÿกĆéîĆĚîðøćýจćกÿĉęงðîđðŚŪĂîĔéėǰกćøĔชšĂčèĀõĎöĉìĊęêęĞćǰจą

ìĞćĔĀšÿćøÿĞćคĆญǰ(active ingredients) ÷ĆงคงĂ÷ĎŠĒúąĕöŠëĎกìĞćúć÷ǰöĊคüćöĔกúšđคĊ÷งกĆïÿćøìĊęöĊĂ÷ĎŠĔîíøøöชćêĉǰ
đóøćąđĀêčîĊĚจċงìĞćĔĀšÿćøÿกĆééšü÷üĉíĊîĊĚคงÿöïĆêĉขĂงóČชîĆĚîǰ100%ǰĒúąðøćýจćกÿćøðîđðŚŪĂîขĂงêĆüìĞćúąúć÷

ìĊęĔชšĔîกćøÿกĆéǰĀúĆงจćกÿกĆéĕéšîĚĞćöĆîöąøčöĒúšüǰจąìĞćĔĀšđĀúČĂกćกขĂงđöúĘéöąøčöǰîĞćกćกĕðÿกĆéēðøêĊîéšü÷

îĚĞćõćüąกċęงüĉกùêǰ(Subcritical water extraction) ซċęงđðŨîกøąïüîกćøĕăēéøĕúซĉÿĂĊกüĉíĊìĊęĕéšøĆïคüćöÿîĔจǰ
ซċęงÿกĆéēé÷ĔชšîĚĞćìĊęĂčèĀõĎöĉÿĎงกüŠćจčéđéČĂéĒêŠĕöŠđกĉîĂčèĀõĎöĉüĉกùêǰคČĂǰ374ǰĂงýćđซúđซĊ÷ÿǰõć÷ĔêšคüćöéĆîÿĎง

đóĊ÷งóĂìĊęÿćöćøëøĆกþćÿëćîąขĂงîĚĞćĔĀšĂ÷ĎŠĔîÿëćîąขĂงđĀúüǰซċęงđðŨîüĉíĊìĊęđðŨîöĉêøêŠĂÿĉęงĒüéúšĂöǰđîČęĂง

จćกîĞĚćđðŨîêĆüìĞćúąúć÷ìĊęöĊÿöïĆêĉĔîกćøđøŠงðฏĉกøĉ÷ćĕăēéøĕúซĉÿĕéšēé÷กćøðøĆïĂčèĀõĎöĉĀøČĂคüćöéĆîǰĒúą

ÿćöćøëîĞćîĞĚćìĊęĔชšĔîกøąïüîกćøกúĆïöćĔชšĔĀöŠǰĕöŠđðŨîĂĆîêøć÷ĀøČĂöĊÿćøêกคšćงìĊęđðŨîĂĆîêøć÷êŠĂÿĉęงĒüéúšĂöǰ

ĒúąĕöŠจĞćđðŨîêšĂงđêøĊ÷öüĆêëčéĉïกŠĂîđĀöČĂîกĆïกćøĕăēéøĕúซĉÿéšü÷đĂîĕซöŤǰìĞćĔĀšกćøÿกĆéîĊĚöĊðøąÿĉìíĉõćóÿĎงǰ

ĔชšđüúćÿกĆéîšĂ÷ǰĒúąÿćøÿกĆéìĊęĕéšöĊคčèõćóÿĎงǰđĀêčñúéĆงกúŠćüขšćงêšîจċงđðŨîđĀêčñúĀúĆกìĊęÿîĔจĒúąđúČĂกĔชšĔî

กćøìĞćกćøüĉจĆ÷ĔîคøĆĚงîĊĚ  
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1.2 üĆตถčปøąÿงคŤขĂงēคøงกćø 
1. ýċกþćñúขĂงĂčèĀõĎöĉǰĂĆêøćÿŠüîøąĀüŠćงîĚĞćĒúąกćกขĂงđöúĘéöąøčöǰĒúąđüúćìĊęđĀöćąÿöĔîกćø

ÿกĆéēðøêĊîǰđóČęĂĔĀšĕéšñúñúĉêìĊęöĊðøąÿĉìíĉõćóÿĎงÿčéǰéšü÷îĚĞćõćüąกċęงüĉกùê 
2. üĉđคøćąĀŤēðøêĊîìĊęĕéšจćกกćøÿกĆéกćกđöúĘéöąøčöìĊęõćüąìĊęđĀöćąÿö 

1.3 ปøąē÷ชนŤทĊęคćดüŠćจąĕดšøĆบ 
1. ĕéšøĆïคüćöøĎšจćกกćøýċกþćคšîคüšćขšĂöĎúǰìùþฎĊǰĒúąงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงกĆïกøąïüîกćøกćøÿกĆé

éšü÷îĚĞćõćüąกċęงüĉกùêǰ(Subcritical water extraction) đóČęĂÿøšćงðøąÿïกćøèŤĔĀöŠĔîกćøìĞćกćøìéúĂงǰòřก
คüćöøĆïñĉéชĂïĒúąøąđïĊ÷ïüĉîĆ÷êŠĂêîđĂงǰĂĊกìĆĚง÷ĆงÿćöćøëîĞćคüćöøĎšĒúąðøąÿïกćøèŤìĊęĕéšĕððøą÷čกêŤĔชšĔĀš

đกĉéðøąē÷ชîŤêŠĂกćøงćîĂćชĊóĔîĂîćคê 
2. ÿćöćøëîĞćคüćöøĎšǰคüćöđขšćĔจจćกกćøìĞćงćîüĉจĆ÷îĊĚĕðชŠü÷óĆçîćĒúąêŠĂ÷ĂéĔîกćøîĞćēðøêĊîìĊęĕéš

จćกกćøÿกĆéđöúĘéöąøčöĕðđðŨîĂćĀćøđÿøĉöĀøČĂÿŠüîðøąกĂïĔîđüชõĆèæŤêŠćงėǰēé÷ĔชšกøąïüîกćøÿกĆéìĊęđðŨî

öĉêøêŠĂÿĉęงĒüéúšĂöǰĂĊกìĆĚง÷ĆงđðŨîกćøĔชšìøĆó÷ćกøĔĀšđกĉéðøąē÷ชîŤöćกìĊęÿčéǰđðŨîกćøúéðøĉöćèข÷ąĀøČĂǰzero 
waste 
1.4 üĉธĊกćøดĞćđนĉนงćน 

1.ǰýċกþćคšîคüšćìùþฎĊĒúąงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงÿĞćĀøĆïüĉíĊกćøÿกĆéēé÷ĔชšîĚĞćõćüąกċęงüĉกùê 
2. ýċกþćคšîคüšćìùþฎĊĒúąงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงĔîกćøüĉđคøćąĀŤēðøêĊî 
3. ýċกþćĂčðกøèŤĒúąđคøČęĂงöČĂìĊęĔชšĔîกćøìéúĂงǰĒúąüćงĒñîกćøìéúĂง 

- ĂčèĀõĎöĉĔîกćøÿกĆéǰ105, 110 Ēúąǰ120 ĂงýćđซúđซĊ÷ÿ 
- ÿĆéÿŠüîขĂงกćกđöúĘéöąøčöกĆïîĚĞćøšĂ÷úąǰ5, 10 Ēúąǰ20 ēé÷îĚĞćĀîĆกêŠĂðøĉöćêø 
- đüúćìĊęĔชšĔîกćøÿกĆéǰ30 Ēúąǰ60 îćìĊ 

4. ìéúĂงÿกĆéกćกđöúĘéöąøčöéšü÷îĚĞćõćüąกċęงüĉกùêĔîđคøČęĂงǰAutoclave  
5. üĉđคøćąĀŤēðøêĊîìĊęĕéšจćกกćøÿกĆéกćกđöúĘéöąøčöéšü÷îĚĞćõćüąกċęงüĉกùêìĊęõćüąìĊęđĀöćąÿö 

- üĉđคøćąĀŤĀćขîćéขĂงēðøêĊîéšü÷üĉíĊǰSDS-PAGE  
- üĉđคøćąĀŤĀćðøĉöćèขĂงēðøêĊîéšü÷üĉíĊǰBradford assay  

6. Ăõĉðøć÷ÿøčðñúกćøìéúĂงĒúąđขĊ÷îđúŠöøć÷งćîฉïĆïÿöïĎøèŤǰ 
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บททĊęǰ2 
ทùþฎĊĒúąงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 

2.1 öąøčöǰ(Moringa)  
ǰǰǰǰǰǰǰǰöąøčöǰöĊชČęĂìćงüĉì÷ćýćÿêøŤüŠćǰMoringa oleifera Lam. öĊชČęĂÿćöĆญüŠćǰHorse Radish Tree จĆéĂ÷ĎŠĔî
üงýŤǰMoringaceae öĊëĉęîกĞćđîĉéĒëïĔêšđชĉงđìČĂกđขćĀĉöćúĆ÷ǰđðŨîĕöš÷ČîêšîขîćéกúćงÿĎงǰ3-4 đöêøǰìøงêšîēðøŠงǰ
ĔïđðŨîĒïïขîîกǰĀøČĂคúšć÷กĆïĔïöąขćöǰĂĂกđøĊ÷งĒïïÿúĆïกĆîǰñĉüĔïÿĊđขĊ÷üǰéšćîúŠćงÿĊจąĂŠĂîกüŠćéšćîïîǰ

éĂกĂĂกđðŨîชŠĂÿĊขćüǰกúĊïéĂกöĊǰ5 กúĊïǰñúĀøČĂòŦกöĊคüćö÷ćüǰ20-50 đซîêĉđöêøǰúĆกþèąđĀöČĂîĕöšêĊกúĂงǰ

đðúČĂกñúĀøČĂòŦกđðŨîÿĊđขĊ÷üǰöĊÿŠüîคĂéĒúąÿŠüîöîđðŨîøą÷ąêćöคüćö÷ćüขĂงòŦกǰòŦกĒกŠñĉüđðúČĂกǰđðŨîÿĊ

îĚĞćêćúǰđöúĘéöĊđ÷ČęĂĀčšöกúöđðŨîÿĊîĚĞćêćúǰöĊขîćéđúĘกǰđÿšîñŠćýĎî÷Ťกúćงðøąöćèǰ1 đซîêĉđöêøǰข÷ć÷óĆîíčŤĕéšéšü÷
กćøđóćąđöúĘéǰĀøČĂกćøðŦกชĞćǰĀøČĂøćกìĊęĒêกĀîŠĂ 

øĎปทĊęǰ2.1 éĂกǰñúǰĒúąĔïöąøčöǰ[5] 
 2.1.1 ÿŠüนปøąกĂบทćงđคöĊขĂงöąøčö 

ǰǰǰǰǰǰǰǰ ĔïöąøčöǰëČĂđðŨîÿŠüîìĊęคîîĉ÷öîĞćöćĔชšñÿöĔîĂćĀćøÿĆêüŤǰ đîČęĂงจćกĔïöąøčööĊ

ðøĉöćèēõชîąìĊęÿĞćคĆญÿĎงǰ(êćøćงìĊęǰ1) đöČęĂđðøĊ÷ïđìĊ÷ïกĆïóČชชîĉéĂČęîėǰĔïöąøčööĊđðĂøŤđซĘîêŤüĆêëč
ĒĀšงǰēðøêĊîǰĕขöĆîǰđëšćǰđ÷ČęĂĔ÷ǰĕîēêøđจîôøĊđĂĘกĒìøกซŤǰĒคúđซĊ÷öǰôĂÿôĂøĆÿǰĒúąóúĆงงćîøüöǰ

đìŠćกĆïǰ90.38, 23.21, 6.38, 11.10, 12.92, 39.61, 2.35, 0.28 Ēúąǰ3,911 đöกąĒคúĂøĊêŠĂ
กĉēúกøĆöüĆêëčĒĀšงǰêćöúĞćéĆïǰซċęงēðøêĊîǰĒúąóúĆงงćîøüöêęĞćกüŠćĔïกøąëĉîǰĒêŠöĊđëšćǰĒúąĒคúđซĊ÷öǰ

øüöìĆĚงกøéĂąöĉēîĀúć÷ชîĉéÿĎงกüŠćǰĕéšĒกŠǰăĉÿìĉéĊîǰúĉüซĊîǰĕúซĊîǰôŘîĉúǰĂąúćîĊîǰĒúąìøĉðēêđôîǰ

đðŨîêšîǰĂงคŤðøąกĂïìćงđคöĊขĂงÿŠüîêŠćงėǰขĂงöąøčöĒÿéงĔîêćøćงìĊęǰ1 [5] 
ǰǰǰǰǰǰǰǰ 
ǰǰǰǰǰǰ 
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ǰตćøćงทĊęǰ2.1ǰĂงคŤðøąกĂïìćงđคöĊขĂงĔïöąøčöǰñงǰđöúĘéǰĒúąòŦก [5] 

Nutrients Fresh leaves Dry leaves Leaf powder Seed Pods 

Calories (cal) 92 329 205 - 26 

Protein (g) 6.7 29.4 27.1 35.97 ± 0.19 2.5 

Fat (g) 1.7 5.2 2.3 38.67 ± 0.03 0.1 

Carbohydrate (g) 12.5 41.2 38.2 8.67 ± 0.12 3.7 

Fiber (g) 0.9 12.5 19.2 2.87 ± 0.03 4.8 

Vitamin B1 (mg) 0.06 2.02 2.64 0.05 0.05 

Vitamin B2 (mg) 0.05 21.3 20.5 0.06 0.07 

Vitamin B3 (mg) 0.8 7.6 8.2 0.2 0.2 

Vitamin C (mg) 220 15.8 17.3 4.5 ± 0.17 120 

Vitamin E (mg) 448 10.8 113 751.67 ± 4.41 - 

Calcium (mg) 440 2185 2003 45 30 

Magnesium (mg) 42 448 368 635 ± 8.66 24 

Phosphorus (mg) 70 252 204 75 110 

Potassium (mg) 259 1236 1324 - 259 

Copper (mg) 0.07 0.49 0.57 5.20 ± 0.15 3.1 

Iron (mg) 0.85 25.6 28.2 - 5.3 

Sulphur (mg) - - 870 0.05 137 

 
 2.1.2 ÿøøóคčณ 
  öąøčöĔîìćงกćøĒóì÷ŤจąชŠü÷ĔชšคüïคčöøąéĆïîĚĞćêćúĔîđúČĂéĔîñĎšðśü÷đïćĀüćîǰคüïคčö 
 õćüąคüćöéĆîēúĀĉêÿĎงǰชŠü÷đóĉęöĒúąđÿøĉöÿøšćงõĎöĉคčšöกĆîĔĀšĒกŠøŠćงกć÷ 
  1. ĔïǰĔชšëĂîóĉþĕขšǰĒกšđúČĂéĂĂกêćöĕøôŦîǰĒกšĂĆกđÿïǰĒกšĒñúǰฆŠćđชČĚĂĒïคìĊđøĊ÷ǰขĆïðŦÿÿćüąǰ 

ðŜĂงกĆîöąđøĘงǰúéคüćöéĆîēúĀĉê 
          2. ÷ĂéĂŠĂîǰĔชšëĂîóĉþĕขš 
          3. éĂกǰĔชšĒกšĕขšĀĆüúöǰđðŨî÷ćïĞćøčงǰขĆïðŦÿÿćüąǰขĆïîĚĞćêćǰฆŠćđชČĚĂĒïคìĊđøĊ÷ǰðŜĂงกĆîöąđøĘง 
          4. òŦกǰĒกšĕขšǰðŜĂงกĆîöąđøĘงǰúéคüćöéĆîēúĀĉê 
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          5. đöúĘéǰđöúĘéðøčงđðŨî÷ćĒกšĕขšǰĒกšïüöǰĒกšðüéêćöขšĂǰðŜĂงกĆîöąđøĘง 
          6. øćกǰøÿđñĘéǰĀüćîǰขöǰÿøøóคčèǰĒกšĂćกćøïüöǰïĞćøčงĕôíćêčǰøĆกþćēøคĀĆüĔจǰøĆกþćēøคĕข 
  ขšĂ (rheumatism) 
  7. đðúČĂกúĞćêšîǰøÿøšĂîǰÿøøóคčèขĆïúöĔîúĞćĕÿšǰìĞćĔĀšñć÷úöĀøČĂđøĂǰคčöíćêčĂŠĂîǰėǰĒกšúö 
  ĂĆöóćêǰðŜĂงกĆîöąđøĘงǰคčöกĞćđîĉéǰđคĊĚ÷üกĉîชŠü÷÷ŠĂ÷ĂćĀćø 
          8. ÷ćงǰ(gum) ฆŠćđชČĚĂĕìôĂ÷éŤǰซĉôŗúĉÿǰ(syphilis) ĒกšðüéôŦîǰearache, asthma 
 2.1.3 คčณคŠćทćงĂćĀćø 
         1. ĔïǰĔïÿéĔชšกĉîđðŨîĂćĀćøǰĔïĒĀšงìĊęìĞćđðŨîñงđกĘïĕüšĕéšîćîēé÷÷ĆงöĊคčèคŠćìćงĂćĀćøÿĎงǰĔï 

  öąøčööĊüĉêćöĉîđĂÿĎงǰöĊĒคúđซĊ÷öÿĎงđกČĂïđìŠćîöǰöĊíćêčđĀúĘกÿĎงกüŠćñĆกขöǰöĊüĉêćöĉîซĊöćกóĂǰ 
  ėǰกĆïÿšöĒúąöĊēóĒìÿđซĊ÷öđกČĂïđìŠćกúšü÷ 

          2. éĂกฆŠćđชČĚĂĒïคìĊđøĊ÷ǰĒกšĀüĆéǰHelminths ðŜĂงกĆîöąđøĘง 
          3. òŦกǰòŦกöąøčöǰ100ǰกøĆöǰĔĀšóúĆงงćîêŠĂøŠćงกć÷ǰ32ǰกĉēúĒคúĂøĊǰðøąกĂïéšü÷ǰđÿšîĔ÷ǰ1.2ǰ 

  กøĆöǰĒคúđซĊ÷öǰ9ǰöĉúúĉกøĆöǰôĂÿôĂøĆÿǰ26ǰöĉúúĉกøĆöǰđĀúĘกǰ1.5ǰöĉúúĉกøĆöǰüĉêćöĉîđĂǰ532 IU  
  üĉêćöĉîïĊĀîċęงǰ0.05ǰöĉúúĉกøĆöǰĕîĂćซĉîǰ0.6ǰöĉúúĉกøĆöǰüĉêćöĉîซĊǰ262ǰöĉúúĉกøĆö 

          4. đöúĘéǰîĚĞćöĆîìĊęĕéšจćกกćøคĆĚîđöúĘéÿéĔชšđðŨîîĚĞćöĆîðøčงĂćĀćø 
          5. กćøðøčงĂćĀćøǰĔîðøąđìýĕì÷ǰùéĎĀîćüจąöĊöąøčöจĞćĀîŠć÷ìĆęüĕðǰìĆĚงêúćéĔîđöČĂงĒúąĔî 

ìšĂงëĉęîǰคîĕì÷ìčกõćคøĆïðøąìćîöąøčöđðŨîñĆกǰชćüõćคกúćงîĉ÷öîĞćöąøčöĂŠĂîĕððøčงđðŨî

ĒกงÿšöǰĒúąîĞćéĂกöąøčöúüกĔĀšÿčกĀøČĂéĂงøĆïðøąìćîกĆïîĚĞćóøĉกǰÿĞćĀøĆïชćüĂĊÿćîǰ÷Ăé

ĂŠĂîǰĔïĂŠĂîǰชŠĂéĂกĂŠĂîîĞćĕðúüกĔĀšÿčกĀøČĂêšöĔĀšÿčกǰøĆïðøąìćîđðŨîñĆกøŠüöกĆïðśîĒจŠüǰ

úćïǰกšĂ÷ǰĀøČĂîĞćĕððøčงđðŨîĒกงĂŠĂöǰÿŠüîòŦกĂŠĂîĀøČĂòŦกìĊę÷ĆงĕöŠĒกŠđêĘöìĊęîĞćöćðĂกđðúČĂกǰ

ĀĆęîđðŨîìŠĂîĒúąîĞćĕððøčงđðŨîĒกงÿšöǰĀøČĂĒกงúćüĕéšǰîĂกจćกîĊĚǰìĊęจĆงĀüĆéชĆ÷õĎöĉǰ÷Ćง

øĆïðøąìćîòŦกöąøčöĂŠĂîÿéǰđðŨîñĆกĒกúšöøŠüöกĆïÿšöêĞćēé÷øĆïðøąìćîคúšć÷กĆïøĆïðøąìćî

ëĆęüòŦก÷ćüǰĒúąชćüïšćîđúŠćüŠćòŦกöąøčöĂŠĂîîĞćĕðĒกงÿšöĕéšēé÷ĕöŠêšĂงðĂกđðúČĂกǰชćüđĀîČĂ

îĞćéĂกĂŠĂîǰòŦกĂŠĂîĕðĒกงกĆïðúćǰĔîêŠćงðøąđìýǰđชŠîǰĂĉîđéĊ÷ǰöĊกćøìĞćñงĔïöąøčöĕüšđðŨî

ĂćĀćøǰîĚĞćĔïöąøčöĂĆéกøąðŞĂง [6] 
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2.2ǰกøดĂąöĉēนĒúąēปøตĊน 
2.2.1ǰกøดĂąöĉēนǰ(amino acids) 
 ēðøêĊîöĊēคøงÿøšćงóČĚîฐćîìĊęđกĉéจćกกćøđøĊ÷งêĆüขĂงกøéĂąöĉēîđðŨîÿć÷÷ćüĔîđÿšîóĂúĉđðð

ĕìéŤìĊęêŠĂกĆîéšü÷óĆîíąđóðĕìéŤǰกøéĂąöĉēîđðŨîĀîŠü÷óČĚîฐćîขĂงēðøêĊîĀøČĂđðŨîöĂîĂđöĂøŤขĂง

ēðøêĊîǰóïüŠćÿŠüîĔĀญŠēðøêĊîðøąกĂïéšü÷กøéĂąöĉēîǰ20ǰชîĉéǰēé÷ìĊęìčกกøéĂąöĉēîðøąกĂïéšü÷
íćêčคćøŤïĂîǰĕăēéøđจîǰĕîēêøđจîĒúąĂĂกซĉđจîđðŨîĀúĆกǰîĂกจćกîĊĚ÷ĆงöĊĂĊกÿĂงกøéĂąöĉēîìĊęöĊíćêč

ซĆúđôĂøŤđðŨîÿŠüîðøąกĂï  
  2.2.1.1ǰúĆกþèąìćงđคöĊขĂงกøéĂąöĉēî 

กøéĂąöĉēîìĊęđðŨîÿŠüîðøąกĂïขĂงēðøêĊîĔîÿĉęงöĊชĊüĉêđðŨîชîĉéǰL กøéĂąöĉēîðøąกĂïéšü÷ēคøงÿøšćง
ĀúĆกìĊęđĀöČĂîกĆîìĆĚงǰ20ǰชîĉéǰēé÷ðøąกĂïéšü÷ǰĀöĎŠĂąöĉēîǰ(-NH2) ĀöĎŠคćøŤïĂกซĉกǰ(-COOH) ĂąêĂö

ĕăēéøđจîǰĒúąĀöĎŠǰR (side chain) êĉéĂ÷ĎŠกĆïคćøŤïĂîĂąêĂöǰìĊęêĞćĒĀîŠงĒĂúôćǰ(α-carbon) ēé÷
กøéĂąöĉēîชîĉéǰL ĀöĎŠĂąöĉēîจąêšĂงĂ÷ĎŠìćงซšć÷öČĂขĂงĒĂúôćคćøŤïĂîǰÿĞćĀøĆïกøéĂąöĉēîชîĉéǰD จą
öĊĀöĎŠĂąöĉēîöćđกćąĂ÷ĎŠìćงéšćîǰขüćöČĂขĂงĒĂúôćคćøŤïĂîĂąêĂöǰĒúąจąëĎกĔชšēé÷ĒïคìĊđøĊ÷ïćง

ชîĉéĔîกćøÿøšćงñîĆงđซúúŤĒúą÷ćðฏĉชĊüîąïćงĂ÷Šćงǰ đชŠîǰ valinomycin, actino-mycin Ēúąǰ
gramicidin S ìĆĚงîĊĚēคøงÿøšćงขĂงกøéĂąöĉēîìĊęóïēé÷ìĆęüĕðǰ20ǰชîĉé 
 
 
 
 
 
 
 
 

øĎปทĊęǰ2.2ǰēคøงÿøšćงขĂงกøéĂąöĉēîēé÷ìĆęüĕðǰ[7] 
กøéĂąöĉēîจąđðŨîēöđúกčúìĊęĕöŠÿööćêøǰ(÷กđüšîกøéĂąöĉēîĕกúซĊî)ǰēé÷จąđĀĘîĕéšüŠćกøé 

ĂąöĉēîǰđðŨîÿćøìĊęöĊðøąจčìĆĚงïüกĒúąúïĔîēคøงÿøšćงǰจćกÿöïĆêĉขĂงĀöĎŠĂąöĉēîìĊęöĊĒĂöēöđîĊ÷ĒúąĀöĎŠ

คćøŤïĂกซĉúǰซċęงกćøìĊęÿöïĆêĉขĂงกøéĂąöĉēîöĊìĆĚงðøąจčïüกĒúąðøąจčúïǰจąđøĊ÷กüŠćđðŨîǰzwitterion 
ĀøČĂǰdipolar ions  ìĞćĔĀšกøéĂąöĉēîúąúć÷îĚĞćĕéšéĊǰกøéĂąöĉēîöĊúĆกþèąđðŨîñúċกขĂงĒขĘงÿĊขćüöĊจčé
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đéČĂéĒúąจčéĀúĂöđĀúüÿĎงǰđóøćąõć÷ĔîēคøงøšćงñúċกจĆïกĆîéšü÷ĒøงขĂงðøąจčǰกćøöĊðøąจčìĞćĔĀš

กøéĂąöĉēîđðŨîêĆüîĞćกøąĒÿĕôôŜćĔîÿćøúąúć÷ǰîĂกจćกîĊĚ÷ĆงìĞćĔĀšกøéĂąöĉēîöĊÿöïĆêĉขĂงคüćöđðŨî

กøééŠćงĔîêĆüǰēé÷ĔîõćüąìĊęǰpH đìŠćกĆïǰ7ǰĀöĎŠĂąöĉēîĒúąĀöĎŠคćøŤïĂกซĉúจąĒêกêĆüĔĀšðøąจčǰซċęงกćøöĊ
ðøąจčขĂงกøéĂąöĉēîจąöĊกćøđðúĊę÷îĒðúงđขšćÿĎŠจčéÿöéčúêúĂéชŠüงขĂงคŠćǰpH (1-14) ēé÷กćøöĊ
ïìïćìîĊĚจąìĞćĔĀšöĊñúêŠĂÿöïĆêĉขĂงēðøêĊîǰซċęงกćøจĆïĒúąĀúčéขĂงēðøêĂîĔîĀöĎŠēคøงÿøšćงìĆĚงÿĂงîĊĚ

ìĞćĔĀšöĊñúêŠĂïìïćìขĂงĀöĎŠĂąöĉēîĒúąĀöĎŠคćøŤïĂกซĉúǰéĆงîĆĚîกøéĂąöĉēîĒêŠúąêĆüĂćจĒÿéงÿöïĆêĉ

đðŨîกøéǰĀøČĂđïÿกĘĕéšǰขċĚîĂ÷ĎŠกĆïกćøĒêกêĆüขĂงĀöĎŠǰamino, carboxyl Ēúąǰside chain ขĂงกøéĂą
öĉēîîĆĚîǰกøéĂąöĉēîจċงจĆéđðŨîǰamphoteric compound 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

øĎปทĊęǰ2.3ǰēคøงÿøšćงขĂงกøéĂąöĉēîìĊęóïēé÷ìĆęüĕðìĆĚงǰ20ǰชîĉéǰ[7] 
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øĎปทĊęǰ2.4ǰēคøงÿøšćงขĂงกøéĂąöĉēîĒïïǰzwitter ĀøČĂǰdipolar ions [7] 

  2.2.1.2ǰคüćöÿĞćคĆญขĂงกøéĂąöĉēî 
          1. ìĞćĀîšćìĊęđðŨîĀîŠü÷ēคøงÿøšćงขĂงēðøêĊîǰ(binding block) ซċęงēðøêĊîìĊęđกĉéขċĚîĂćจจąöĊ 

úĆกþèąĒúąคčèÿöïĆêĉìĊęĒêกêŠćงกĆîĕðǰขċĚîกĆïÿöïĆêĉขĂงกøéĂąöĉēîĒêŠúąêĆüĔîÿć÷óĂúĉđóð

ĕìéŤîĆĚîė 
          2. đðŨîêĆüÿŠงÿĆญญćèđคöĊĔîกćøêĉéêŠĂกĆîøąĀüŠćงđซúúŤǰđชŠîǰÿŠงÿĆญญćèðøąÿćìǰǰǰǰ 
  đชŠîǰĂîčóĆîíŤขĂงกøéĂąöĉēîĕìēøซĊî 
 2.2.2ǰēปøตĊน 
  đðŨîóĂúĉđóðĕìéŤìĊęöĊîĚĞćĀîĆกēöđúกčúÿĎงǰðøąกĂïéšü÷กøéĂąöĉēîöćกกüŠćǰ100ǰēöđúกčúǰǰǰǰ 
 öćêŠĂกĆîéšü÷óĆîíąêŠćงėēðøêĊîĒêŠúąชîĉéǰðøąกĂïéšü÷ชîĉéĒúąจĞćîüîกøéĂąöĉēîìĊęĒêกêŠćงกĆîǰ 
 ēé÷ìĆęüĕðĒúšüēðøêĊîÿŠüîĔĀญŠจąðøąกĂïĕðéšü÷กøéĂąöĉēîðøąöćèǰ300ǰēöđúกčúǰซċęงจąöĊกćøขé 
 êĆüĔĀšöĊøĎðøŠćงǰ(conformation) êŠćงėǰกĆîǰđóČęĂðøąē÷ชîŤĔîกćøìĞćĀîšćìĊęìĊęêŠćงกĆî 
  2.2.2.1ǰēคøงÿøšćงขĂงēðøêĊî 

ēðøêĊîðøąกĂïéšü÷óĂúĉđóðĕìéŤǰÿć÷đéĊ÷üĀøČĂĀúć÷ÿć÷ǰìĊęìĞćĀîšćìĊęêŠćงėǰกĆîǰ

éĆงîĆĚîóĂúĉđóðĕìéŤÿć÷÷ćüìĊęðøąกĂïéšü÷กøéĂąöĉēîชîĉéêŠćงėǰจċงêšĂงöĊกćøขéêĆüǰ

(folding) ĔĀšöĊøĎðøŠćงêŠćงėǰđóČęĂìĞćĀîšćìĊęĔĀšđĀöćąÿöǰēคøงÿøšćงขĂงēðøêĊîǰĒïŠงĂĂกĕéšđðŨîǰ
4ǰøąéĆïǰ 
1. ēคøงÿøšćงðฐöõĎöĉǰ(primary structure) đðŨîēðøêĊîìĊęöĊøĎðēคøงÿøšćงđðŨîđÿšîêøงĕéšจćก
กćøÿĆงđคøćąĀŤĔĀöŠėǰĒúąจąîĞćĕðđðúĊę÷îđðŨîøĎðēคøงÿøšćงขĆĚîêŠĂĕðǰēðøêĊîĒêŠúąชîĉéจąöĊ

กøéĂąöĉēîìĊęđðŨîÿŠüîðøąกĂïìĊęĒêกêŠćงกĆîĒúąöĊกćøđøĊ÷งúĞćéĆïìĊęĒêกêŠćงกĆîéšü÷ǰÿŠงñúĔĀšöĊ

กćøจĆéđøĊ÷งêĆüĀøČĂกćøöšüîóĆïขĂงēðøêĊîĔîøąéĆïìčêĉ÷õĎöĉǰêêĉ÷õĎöĉǰĀøČĂจêčøõĎöĉĒêกêŠćงกĆîǰ

กćøĂŠćîúĞćéĆïกøéĂąöĉēîĔîēคøงÿøšćงøąéĆïðฐöõĎöĉจąĂŠćîจćกðúć÷Ăąöĉēîĕðìćงðúć÷

คćøŤïĂกซĊǰēðøêĊîĒêŠúąชîĉéöĊคüćöĒêกêŠćงกĆîขċĚîĂ÷ĎŠกĆïēคøงÿøšćงøąéĆïðฐöõĎöĉǰđชŠîǰĕöēĂ

ēกúïĉîซċęงđðŨîēðøêĊîìĊęจĆïĂĂกซĉđจîǰóïüŠćöĊคüćöđĀöČĂîกĆîĔîÿĉęงöĊชĊüĉêĀúć÷ǰėǰชîĉéǰđชŠîǰ
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ĕöēĂēกúïĉîĔîđซúúŤขĂงöîčþ÷ŤจąöĊกøéĂąöĉēîǰ153ǰúĞćéĆïǰซċęงđĀöČĂîกĆîกĆïĕöēĂēกúïĉîĔî
ðúćüćāǰĀøČĂĒöšĒêŠĕöēĂēกúïĉîĒúąăĊēöēกúïĉîกĘöĊคüćöคúšć÷กĆî 
2. ēคøงÿøšćงìčêĉ÷õĎöĉǰ(secondary structure) ÿć÷óĂúĉđóðĕìéŤǰจąöĊกćøöšüîêĆüǰ(folding) 
đðŨîøĎðĒïïìĊęซĚĞćกĆîĒúąÿöęĞćđÿöĂìĞćĔĀšđกĉéúĆกþèąìĊęđðŨîđกúĊ÷üǰ(helix) ĀøČĂđðŨîĒñŠîǰ
(pleated sheet) ìĊęđกĉéจćกกćøÿøšćงóĆîíąĕăēéøđจîøąĀüŠćงĀöĎŠคćøŤïĂîĉúĒúąĀöĎŠĂąöĉēîĔî
ÿć÷ขĂงóĂúĉđóðĕìéŤǰìĞćĔĀšēคøงÿøšćงขĂงēðøêĊîöĊคüćöđÿëĊ÷øöćกขċĚîǰ 
3. ēคøงÿøšćงêêĉ÷õĎöĉǰ(tertiary structure) đðŨîēคøงÿøšćงǰ3ǰöĉêĉǰขĂงÿć÷óĂúĉđóðĕìéŤǰìĊęđกĉé
จćกกćøöšüîóĆïđขšćĀćกĆîขĂงēคøงÿøšćงìčêĉ÷õĎöĉǰìĞćĔĀšĕéšēคøงÿøšćงìĊęđÿëĊ÷øขċĚîĒúąìĞćĀîšćìĊę

ĕéšǰ(native form) ĒêŠúąïøĉđüèìĊęđกĉéกćøöšüîóĆïîĊĚđøĊ÷กüŠćǰdomains ซċęงđชČęĂöêŠĂกĆîēé÷
ÿć÷óĂúĉđóðĕìéŤǰēคøงÿøšćงøąéĆïìĊęÿćöîĊĚđðŨîēคøงÿøšćงøąéĆïÿčéìšć÷ขĂงÿć÷óĂúĉđóðĕìéŤ

ĀøČĂēðøêĊîïćงêĆüìĊęðøąกĂïéšü÷ēซŠđóðĕìéŤđóĊ÷งÿć÷đéĊ÷üǰēคøงÿøšćงøąéĆïîĊĚöĆกóïĔî

ēðøêĊîìĊęöĊøĎðøŠćงกúöøĊǰ(globular protein) ìĊęöĆกจąöĊกćøöšüîóĆïēé÷ĔĀšกøéĂąöĉēîìĊęúąúć÷
îĚĞćĕéš÷ćกǰ(hydrophobic side chain) Ă÷ĎŠõć÷ĔîēöđúกčúĒúąĔĀšกøéĂąöĉēîìĊęöĊĀöĎŠǰR úąúć÷
îĚĞćงŠć÷Ă÷ĎŠõć÷îĂกǰéĆงîĆĚîēðøêĊîóüกîĊĚจċงđĀöćąìĊęจąìĞćĀîšćìĊęđðŨîđĂîĕซöŤ 
4. ēคøงÿøšćงจêčøõĎöĉǰ(quaternary structure) ēðøêĊîĀúć÷ชîĉéēé÷đฉóćąóüกìĊęöĊîĚĞćĀîĆก
ĂèĎÿĎงėǰöĆกจąöĊกćøจĆïกúčŠöกĆîđĂงขĂงÿć÷ǰóĂúĉđóðĕìéŤöćกกüŠćǰ1ǰÿć÷ǰéšü÷ǰnoncovalent 
bonds (đชŠîǰsalt bridges, H-bond, Van der Waals, hydrophobic)   đðŨîǰoligomers 
ĀøČĂǰmultisubunits ìĞćĔĀšēคøงÿøšćงขĂงēðøêĊîđÿëĊ÷øขċĚîđðŨîēคøงÿøšćงøąéĆïìĊęÿĊęǰĒúąìĞćĔĀš
ēðøêĊîìĞćงćîǰ(function) ĕéšĔîÿĉęงöĊชĊüĉêǰóĂúĉđóðĕìéŤĒêŠúąÿć÷đøĊ÷กĕéšüŠćđðŨîǰmonomer 
ĀøČĂǰsubunit ĒêŠúąǰsubunit îĊĚĂćจöĊēคøงÿøšćงìĊęđĀöČĂîกĆîĀøČĂĒêกêŠćงกĆîกĘĕéšǰglobular 
protein ìĊęöĊēคøงÿøšćงจêčøõĎöĉîĊĚÿŠüîĔĀญŠจąđðŨîǰallosteric enzymes ĀøČĂmultienzyme 
complexes êĆüĂ÷ŠćงขĂงēðøêĊîìĊęöĊēคøงÿøšćงจêčøõĎöĉîĊĚคČĂǰăĊēöēกúïĉîǰซċęงðøąกĂïéšü÷ÿć÷
ēกúïĉîǰ4ǰÿć÷öćจĆïêĆüกĆîéšü÷Ēøงǰnoncovalent éĆงกúŠćüǰ 
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øĎปทĊęǰ2.5ǰēคøงÿøšćงขĂงēðøêĊîìĆĚงǰ4ǰøąéĆïǰ[7] 

2.2.2.2ǰกćøจĞćĒîกðøąđõìขĂงēðøêĊîǰ 
ÿćöćøëĒïŠงĂĂกĕéšĀúć÷ðøąđõìǰéĆงîĊĚ 

          1. กćøจĞćĒîกêćöøĎðøŠćง 
1.1ǰēðøêĊîìĊęöĊøĎðøŠćงđðŨîÿć÷÷ćüĀøČĂÿćîกĆîđðŨîøŠćงĒĀǰ(fibrous protein) öĆกđðŨî

ēðøêĊîìĊęúąúć÷îĚĞć÷ćกĒúąĔĀšคüćöđĀîĊ÷üǰ(tough) จċงđðŨîēðøêĊîìĊęìĞćĀîšćìĊęđðŨîēคøงÿøšćงǰ
đชŠîǰcollagen ซċęงđðŨîēðøêĊîìĊęóïöćกìĊęÿčéĔîđîČĚĂđ÷ČęĂđกĊę÷üóĆîǰ (connective tissue), 
elastin, keratin đðŨîēðøêĊîìĊęóïìĊęñĉüĀîĆงǰñöǰĒúąđúĘïǰđðŨîêšî 

1.2ǰēðøêĊîìĊęöĊøĎðøŠćงกúöĀøČĂøĊǰ(globular protein) đðŨîēðøêĊîìĊęúąúć÷îĚĞćĕéšéĊǰìĞć
ĀîšćìĊęêŠćงėǰđชŠîǰđðŨîđĂîĕซöŤăĂøŤēöîǰĂĉööĎēîēกúïĎúĉîชîĉéêŠćงėǰ 
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2. กćøจĞćĒîกêćöÿŠüîðøąกĂïìćงđคöĊ 
2.1 Simple proteins đðŨîēðøêĊîìĊęðøąกĂïéšü÷กøéĂąöĉēîúšüîėǰĕöŠöĊÿćøĂČęîðî

Ă÷ĎŠǰđชŠîǰĒĂúïĎöĉîǰkeratin 
2.2 Complex ĀøČĂǰconjugated protein ðøąกĂïéšü÷ǰsimple protein Ēúą

ÿćøðøąกĂïĂČęîìĊęĕöŠĔชŠēðøêĊîǰ(prosthetic group) øüöĂ÷ĎŠéšü÷ǰ 
          3. กćøจĞćĒîกêćöคčèคŠćìćงēõชîćกćø 

3.1 Complete proteins đðŨîēðøêĊîìĊęöĊคčèõćóÿöïĎøèŤǰđîČęĂงจćกöĊกøéĂąöĉēî

จĞćđðŨîคøïìčกชîĉéǰĕéšĒกŠǰēðøêĊîจćกÿĆêüŤǰ(÷กđüšîđจúćêĉî)ǰĒúąëĆęüđĀúČĂง 
3.2 Incomplete proteins đðŨîēðøêĊîìĊęöĊคčèõćóĕöŠÿöïĎøèŤǰđîČęĂงจćกöĊกøéĂąöĉ

ēîจĞćđðŨîĕöŠคøïìčกชîĉéǰĕéšĒกŠēðøêĊîจćกóČชìĆęüėǰĕðǰ÷กđüšîëĆęüđĀúČĂง 
          4. กćøจĞćĒîกêćöĀîšćìĊęĔîøŠćงกć÷ 

ēðøêĊîđðŨîÿćøชĊüēöđúกčúìĊęöĊĀîšćìĊęĀúćกĀúć÷ìĊęÿčéĔîÿĉęงöĊชĊüĉêǰจċงĂćจĒ÷กēðøêĊî

đĀúŠćîĊĚêćöúĆกþèąกćøìĞćĀîšćìĊęêŠćงėǰĕéšéĆงîĊĚ 
                  4.1ǰđðŨîđĂîĕซöŤìĊęìĞćĀîšćìĊęđøŠงðฏĉกĉøĉ÷ćêŠćงėǰĔîøŠćงกć÷ 
             4.2ǰđðŨîēคøงÿøšćงขĂงđซúúŤĒúąđîČĚĂđ÷ČęĂêŠćงėǰìĞćĔĀšđกĉéคüćöĒขĘงĒøงǰđชŠîǰ 

collagen, elastin, fibroin ซċęงđðŨîēðøêĊîขĂงđÿšîĕĀöǰ(silk) đðŨîêšî 
4.3ǰđðŨîēðøêĊîìĊęìĞćĀîšćìĊęđกĊę÷üขšĂงกĆïกćøđคúČęĂîĕĀüǰĔîชŠüงìĊęđซúúŤกĞćúĆงöĊกĉจกøøö

êŠćงėǰđชŠîǰกćøĒïŠงđซúúŤǰendocytosis exocytosis กćøđคúČęĂîìĊęĒïïǰameboid ขĂงđซúúŤ
đöĘéđúČĂéขćüǰêĆüĂ÷ŠćงขĂงēðøêĊîชîĉéîĊĚĕéšĒกŠǰactin, tubulin đðŨîêšî 

4.4ǰđðŨîēðøêĊîìĊęìĞćĀîšćìĊęðŜĂงกĆîĂĆîêøć÷ìĊęĂćจจąđกĉéกĆïđซúúŤขĂงøŠćงกć÷ǰđชŠîǰ
fibrinogen Ēúąǰthrombin đðŨîēðøêĊîìĊęìĞćĀîšćìĊęđกĊę÷üขšĂงกĆïกćøĒขĘงêĆüขĂงđúČĂéǰĂĉööĎēî
ēกúïĎúĉîǰĀøČĂǰĒĂîêĉïĂéĊĚǰìĞćĀîšćìĊęđðŨîõĎöĉคčšöกĆîขĂงøŠćงกć÷ǰĒúąǰìĞćúć÷ÿĉęงĒðúกðúĂöìĊę

đขšćöćĔîøŠćงกć÷ 
             4.5ǰđðŨîăĂøŤēöîǰìĊęìĞćĀîšćìĊęคüïคčöกćøìĞćงćîêŠćงėขĂงøŠćงกć÷ĔĀš 

đðŨîðกêĉǰđชŠîǰinsulin glucagon ìĞćĀîšćìĊęคüïคčöøąéĆïîĚĞćêćúĔîđúČĂéǰgrowth hormone 
ìĞćĀîšćìĊęคüïคčöกćøđจøĉญđêĉïēêขĂงøŠćงกć÷ 
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4.6ǰđðŨîēðøêĊîìĊęìĞćĀîšćìĊęขîÿŠงÿćøêŠćงėĔîøŠćงกć÷ǰđชŠîǰăĊēöēกúïĉîǰìĞćĀîšćìĊę
ขîÿŠงĂĂกซĉđจîจćกðĂéĕð÷ĆงđîČĚĂđ÷ČęĂêŠćงėǰúĉēðēðøêĊîǰìĞćĀîšćìĊęขîÿŠงĕขöĆîจćกêĆïĒúą

úĞćĕÿšĕð÷ĆงĂüĆ÷üąêŠćงėǰtransferrin ขîÿŠงđĀúĘกǰđðŨîêšî 
4.7ǰđðŨîēðøêĊîìĊęìĞćĀîšćìĊęÿąÿöǰđชŠîǰferritin ìĞćĀîšćìĊęÿąÿöđĀúĘกĕüšĔîđîČĚĂđ÷ČęĂ, 

thyroglobulin ìĞćĀîšćìĊęđกĘïĕìøĂ÷éŤăĂøŤēöîĕüšĔîêŠĂöĕìøĂ÷éŤǰđðŨîêšî 
  5. กćøจĞćĒîกêćöúĆกþèąÿŠüîĂćĀćøēðøêĊî 

5.1ǰēðøêĊîĒìšǰ (true protein) ĕéšจćกกćøจĆïกĆîéšü÷óĆîíąđóðĕìéŤǰ (peptide 
bond) ขĂงกøéĂąöĉēîǰđชŠîǰēðøêĊîจćกóČชĒúąÿĆêüŤĀøČĂĕéšจćกกćøÿĆงđคøćąĀŤขĂงจčúĉîìøĊ÷Ť 

                  5.2ǰĕîēêøđจîìĊęĕöŠĔชŠēðøêĊîǰ(non-protein nitrogen, NPN) öĊĀúć÷ชîĉéǰ 
  ĕéšĒกŠǰ÷ĎđøĊ÷ǰĕîđìøêǰกøéĂąöĉēîĂĉÿøąǰđðŨîêšî 
  2.2.2.3ǰĀîšćìĊęขĂงēðøêĊî 

1. đðŨîÿŠüîðøąกĂïขĂงøŠćงกć÷ǰđชŠîǰđúČĂé, đîČĚĂ, ขî, đขć, กĊïÿĆêüŤĒúąĂüĆ÷üąĂČęîėǰ 
2. ìĞćĀîšćìĊęขîÿŠงǰ(transport protein) คČĂēðøêĊîìĊęìĞćĀîšćìĊęúĞćđúĊ÷งกŢćซĂĂกซĉđจî
ĒúąคćøŤïĂîĕéĂĂกĕซéŤǰđชŠîǰăĊēöēกúïĉîĔîđöĘéđúČĂéĒéง 

           3. öĊĀîšćìĊęêŠĂกćøÿøšćงđซúúŤĔĀöŠìéĒìîđซúúŤìĊęÿċกĀøĂĕðõć÷ĔîøŠćงกć÷ÿĆêüŤ 
4. ìĞćĀîšćìĊęđðŨîđĂîĕซöŤǰ(enzyme) คČĂǰēðøêĊîìĊęìĞćĀîšćìĊęđกĊę÷üกĆïðฏĉกĉøĉ÷ćêŠćงėĔî
øŠćงกć÷ǰđชŠîǰกøąïüîกćøĀć÷ĔจǰกøąïüîกćøÿĆงđคøćąĀŤēðøêĊîǰกøąïüîกćøǰǰǰ

÷ŠĂ÷ĂćĀćø 
5. đðŨîÿŠüîðøąกĂïขĂงăĂøŤēöîĒúąîĚĞć÷ŠĂ÷ǰซċęงđðŨîêĆüคĂ÷คüïคčöกćøìĞćงćîขĂง 
êŠĂöêŠćงǰėǰĒúąกćø÷ŠĂ÷ĂćĀćøõć÷ĔîøŠćงกć÷ÿĆêüŤĔĀšđðŨîðกêĉ 

           6. ชŠü÷ÿøšćงคüćöđจøĉญđêĉïēêขĂงúĎกÿĆêüŤĔîìšĂงǰĒúąÿĆêüŤìĊęกĞćúĆงđจøĉญđêĉïēê 
           7. ชŠü÷ĔîกćøÿøšćงñúñúĉêêŠćงǰėǰđชŠîกćøĔĀšîöǰกćøĔĀšĕขŠǰĒúąกćøĔĀšđîČĚĂขĂงÿĆêüŤ 

8. ēðøêĊîìĊęìĞćĀîšćìĊęðŜĂงกĆîǰ(protective protein) đชŠîǰõĎöĉคčšöกĆîēøคĔĀšกĆïøŠćงกć÷ 
9. ชŠü÷ĔîกćøÿČïóĆîíčŤĔĀšĒกŠÿĆêüŤǰ đóøćąǰ sperm Ēúąǰovum จąÿøšćงĕéšกĘêšĂงöĊ
ēðøêĊî 

           10. ìĞćĀîšćìĊęđðŨîēðøêĊîÿąÿöǰ(storage protein) 
  11.ǰìĞćĀîšćìĊęđกĊę÷üกĆïกćøđคúČęĂîĕĀüǰ(contractile protein) คČĂēðøêĊîìĊęĂ÷ĎŠĔî 
  đซúúŤขĂงกúšćöđîČĚĂǰคČĂǰĕöēĂซĉîǰĒúąĒĂกêĉîǰ[7] 
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2.3 Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS- PAGE) 
        SDS-PAGE đðŨîกćøüĉ đคøćąĀŤēðøêĊîéšü÷กøąĒÿĕôôŜćïîǰ Polyacrylamide gel ìĊęöĊ ǰSDS đðŨî
ÿŠüîðøąกĂïǰđóČęĂĔชšĔîกćøĀćîĚĞćĀîĆกēöđúกčúขĂงēðøêĊîĒêŠúąชîĉéǰēé÷ǰSDS đðŨîǰDetergent ìĊęöĊðøąจčúï
ĕðđกćąกĆïēðøêĊîìĞćĔĀšēðøêĊîìĆĚงĀöéöĊðøąจčúïǰîĂกจćกîĊĚǰSDS ÷ĆงìĞćĔĀšēðøêĊîđÿĊ÷ÿõćóđðúĊę÷îēคøงÿøšćง
จćกǰTertiary structure ĕðđðŨîǰPrimary structure ēðøêĊîìĊęðøąกĂïéšü÷ĀîŠü÷Āúć÷ĀîŠü÷đกćąกĆîĂ÷ĎŠǰกĘ
จąĒ÷กĂĂกđðŨîĒêŠúąĀîŠü÷÷ŠĂ÷ǰĒúąǰSDS จąจĆïēðøêĊîĔîĂĆêøćÿŠüîǰēé÷îĚĞćĀîĆกìĊęคงìĊęêúĂéìĆĚงđจúǰéĆงîĆĚîǰ
กćøđคúČęĂîìĊęĔîÿîćöĕôôŜćขĂงēðøêĊîìčกêĆüǰจċงđðŨîกćøđคúČęĂîìĊę ēé÷ĂćýĆ÷คüćöĒêกêŠćงขĂงîĚĞćĀîĆกēöđúกčú

đóĊ÷งĂ÷ŠćงđéĊ÷üǰĕöŠöĊจĞćîüîðøąจčöćđกĊę÷üขšĂงǰēé÷จąđðŨîกćøđคúČęĂîìĊęĕðÿĎขĆĚüĕôôŜćïüกǰซċęงĀöć÷คüćöüŠćจą

ÿćöćøëĀćîĚĞćĀîĆกēöđúกčúขĂงēðøêĊîĕéšจćกøą÷ąกćøđคúČęĂîìĊęขĂงēðøêĊîìĊęêšĂงกćøìøćïîĚĞćĀîĆกēöđúกčúกĆï

ēðøêĊîöćêøฐćîìĊęìøćïîĚĞćĀîĆกēöđúกčúĒúšüǰǰēé÷ǰPolyacrylamide gel đกĉéจćกðฏĉกĉøĉ÷ćกćøđชČęĂöêŠĂกĆîขĂง
ēöđúกčúđéĊę÷üǰ(Monomer) ขĂงǰAcrylamide จîĕéšđðŨîÿć÷ēซŠ÷ćüĒúąđชČęĂöกĆîđðŨîēคøงขŠć÷éšü÷óĆîíą 
ēคđüđúîêŤǰöĊêĆüđøŠงðฏĉกĉøĉ÷ćđðŨîǰAmmonium persulfate ĒúąǰN,ǰN,ǰNĴ,ǰNĴ- Tetramethylenediamine 
(TEMED) ēé÷ǰTEMED จąđøŠงðฏĉกĉøĉ÷ćกćøđกĉéĂîčöĎúĂĉÿøąจćกǰPersulfate ìĞćĔĀšđกĉéกćøóĂúĉđöĂĕøซŤขċĚîǰ
ðฏĉกĉøĉ÷ćéĆงกúŠćüǰìĞćĔĀšĕéšēคøงÿøšćงìĊęöĊúĆกþèąđðŨîøĎóøčîǰøĎóøčîขĂงǰPolyacrylamide gel จąĒðøñกñĆîกĆï
คüćöđขšöขšîขĂงǰAcrylamide ĔîÿŠüîñÿöขĂงđจúǰđชŠîǰëšćคüćöđขšöขšîขĂงǰAcrylamide êęĞćǰขîćéขĂงøĎóøčî
จąĔĀญŠǰซċęงđĀöćąÿĞćĀøĆïĒ÷กēðøêĊîìĊęöĊขîćéĔĀญŠǰÿĞćĀøĆïกćøüĉđคøćąĀŤéšü÷ǰSDS-PAGE îĆĚîǰêĆüĂ÷ŠćงēðøêĊî
จąëĎกìĞćĔĀšđÿĊ÷ÿõćóéšü÷คüćöøšĂîǰđðŨîđüúćǰ2ǰ-ǰ5ǰîćìĊĔîÿćøúąúć÷ìĊęöĊǰSDS öćกđกĉîóĂǰĒúąöĊÿćø
ðøąđõìĕìĂĂúǰ(Thiol) đðŨîĂงคŤðøąกĂïǰđóČęĂìĞćúć÷óĆîíąĕéซĆúĕôéŤǰ(Disulfide bond) ĔîēðøêĊîǰõć÷Ĕêš
õćüąéĆงกúŠćüǰēðøêĊîÿüîĔĀญŠจąđกćąกĆïǰSDS ĔîĂĆêøćÿŠüîēé÷îĚĞćĀîĆกìĊęคงìĊęǰìĞćĔĀšēðøêĊîìĆĚงĀöéöĊðøąจčúïǰ
ĒúąđคúČęĂîìĊęจćกขĆĚüĕôôŜćúïĕðÿĎŠขĆĚüĕôôŜćïüกǰĔîĂĆêøćÿŠüîñกñĆîกĆïคŠćǰlog ขĂงîĚĞćĀîĆกēöđúกčúǰซċęงēðøêĊîìĊęöĊ
îĚĞćĀîĆกēöđúกčúöćกกĘจąđคúČęĂîìĊęĕéšชšćกüŠćǰĔîขèąìĊęēðøêĊîìĊęöĊîĚĞćĀîĆกēöđúกčúîšĂ÷จąđคúČęĂîìĊęĕéš đøĘüกüŠć

õć÷ĀúĆงจćกกćøĒ÷กéšü÷กøąĒÿĕôôŜćǰđöČęĂ÷Ăöéšü÷ÿĊǰđชŠîǰÿĊคĎĒöซĊïúĎǰ(Coomassie Blue) êĞćĒĀîŠงขĂงĒëï
ēðøêĊîìĊęĒ÷กĂĂกจćกกĆîจąðøćกฏขċĚîǰĒúąǰÿćöćøëîĞćēðøêĊîïîđจúĕðýċกþćêŠĂĕéšǰ[1] 
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øĎปทĊęǰ2.6 กćøđขšćจĆïขĂงǰSDS กĆïēðøêĊîǰซċęงจąìĞćĔĀšēðøêĊîöĊøĎðøŠćงđðŨîđÿšîđĀ÷Ċ÷éĒúąöĊðøąจčúï [1] 
 2.3.1 ēปøตĊนöćตøฐćน 

 ēðøêĊîöćêøฐćîǰ(protein marker/protein ladder) คČĂกćøîĞćđĂćēðøêĊîïøĉÿčìíĉĝìĊęìøćï
îĚĞćĀîĆกēöđúกčúìĊęĒîŠîĂîöćñÿöøüöกĆîǰđóČęĂĔชšĔîกćøïĂกîĚĞćĀîĆกēöđúกčúĒúąêĉéêćöกćø

đคúČęĂîìĊęขĂงēðøêĊîìĊęÿîĔจǰēé÷êĆüĂ÷ŠćงขĂงēðøêĊîöćêøฐćîöĊéĆงîĊĚ 
 1.ǰĒĂĘคคĉüēðøêĊîéĊđìคđìđïĉúǰ(AccuProtein Detectable) đðŨîñúĉêõĆèæŤìĊęĔชšïĂกîĚĞćĀîĆก

ēöđúกčúขĂงēðøêĊîĔîชŠüงîĚĞćĀîĆกēöđúกčúêĆĚงĒêŠǰ19.7 kDa ĕðจîëċงǰ114.6 kDa ēé÷đกĉéจćกกćø
ñÿöกĆîøąĀüŠćงǰēðøêĊîöćøŤคđกĂøŤìĊęĕöŠêĉéÿĊǰ(unstained protein marker) กĆïēðøêĊîöćøŤคđกĂøŤ
ìĊęêĉéÿĊǰ(prestained protein marker) ēé÷ĒïîéŤēðøêĊîìĊęêĉéÿĊîĆĚîöĊĂ÷ĎŠĒïîéŤđéĊ÷üคČĂēðøêĊîìĊęöĊ
îĚĞćĀîĆกēöđúกčúđìŠćกĆïǰ24.3 kDa ñúĉêõĆèæŤéĆงกúŠćüจċงđĀöćąÿöÿĞćĀøĆïงćîüĉจĆ÷ìĊęĕöŠêšĂงêĉéêćö

กćøđคúČęĂîìĊęขĂงĒïîéŤēðøêĊîøąĀüŠćงกćøøĆîǰìĆĚงîĊĚĀúĆงจćกøĆîǰSDS-PAGE đÿøĘจĒúšüǰĀćกîĞćđจú
ĕð÷šĂöÿĊǰCoomassie ĀøČĂ÷šĂöǰSilver กĘจąìĞćĔĀšđĀĘîēðøêĊîìčกêĆüĔîñúĉêõĆèæŤ 
 2. ĒĂĘคคĉüēðøêĊîóøĊÿđêîǰ(AccuProtein Prestained) đðŨîñúĉêõĆèæŤēðøêĊîöćøŤคđกĂøŤìĊęĔชš
ïĂกîĚĞćĀîĆกēöđúกčúขĂงēðøêĊîĔîชŠüงîĚĞćĀîĆกēöđúกčúêĆĚงĒêŠǰ19.7ǰkDa ĕðจîëċงǰ114.6ǰkDa ซċęง
ēðøêĊîìčกêĆüĔîñúĉêõĆèæŤîĊĚđðŨîēðøêĊîìĊę÷šĂöêĉéÿĊöćĒúšüǰđĀöćąÿĞćĀøĆïกćøýċกþćēðøêĊîìčกชîĉéǰ

ĔชšĔîกćøüĉđคøćąĀŤēðøêĊîìĊęêšĂงกćøêĉéêćöกćøđคúČęĂîìĊęĔîøąĀüŠćงกćøìĞćǰ SDS-PAGE ขèąøĆîǰ
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SDS-PAGE ÿćöćøëđĀĘîÿĊ÷šĂöìĊęêĉéĂ÷ĎŠïîēðøêĊîĂ÷ŠćงชĆéđจîǰĒúąÿćöćøëîĞćĕðĔชšêŠĂĔîกćø
ìéúĂงǰWestern Blot ĕéšĂĊกéšü÷ [2] 
 

2.4 Bradford assay 
 đðŨîüĉíĊüĉđคøćąĀŤĀćēðøêĊîēé÷ĂćýĆ÷ĀúĆกกćøคüćöÿčöéčúøąĀüŠćงǰCoomassie Brillant Blue G-250 
ĒúąกćøøüöêĆüกĆîขĂงǰCoomassie Brillant Blue G-250 กĆïēðøêĊîĒïïđฉóćąđจćąจงǰēé÷ǰCoomassie 
Brillant Blue G-250 đöČęĂĂ÷ĎŠõć÷ĔêšõćüąกøéđขšöขšîจąĔĀšÿĊîĚĞćêćúĒéงĂŠĂîėĂĂกöćǰĒúąđöČęĂöĊ กćøìĞć
ðฏĉกĉøĉ÷ćกĆïēðøêĊîจąĔĀšÿĊîĚĞćđงĉîǰซċęงĔîกćøìéÿĂïĀćก÷ĉęงöĊðøĉöćèขĂงกøéĂąöĉēîöćกđìŠćĔéǰกćøđกĉéÿĊกĘจąìĞć

ĕéšĂ÷ŠćงชĆéđจîöćกขċĚîđìŠćîĆĚîǰĒúąจćกîĆĚîจąđðŨîกćøîĞćĕðüĆéกćøéĎéกúČîคúČęîĒÿงêŠĂĕð 
 
 
 
 
 
 
 
 

 
øĎปทĊęǰ2.7ǰǰēคøงÿøšćงìćงđคöĊขĂงǰCoomassie Brilliant Blue G-250 

ซċęงđðŨîÿĊ÷šĂöĔชšÿĞćĀøĆïǰBradford Assay [4] 
 ēðøêĊîจąจĆïกĆïÿĊ Coomassie Brilliant blue G-250 éü÷Ēøง÷ċéđĀîĊę÷üĕăēéøēôïĉกĒúąĒøง÷ċé
đĀîĊę÷üĕĂĂĂîĉกøüöกĆîǰðøąจčïüกìĊęĒขîงขćงขĂงกøéĂąöĉēîēé÷đฉóćąÿüîìĊęđĀúČĂขĂงĂćøจĊîĊîöĊïìïćì

ÿĞćคĆญĔîกćøจĆïกĆïēöđúกčúขĂงÿĊซċęงöĊðøąจčúïǰēöđúกčúขĂงÿĊĔîÿõćóìĊęöĊðøąจčúïĔĀÿĊîĚĞćđงĉîǰĒêđöČęĂøĆï

ēðøêĂîĒúüจąđðúĊę÷îđðîÿĊĒéงÿöĂĂîǰėǰกćøจĆïขĂงÿĊกĆïēðøêĊîĔîõćüąìĊęđðîกøéจċงชü÷คงÿõćóēคøง 
ÿøćงðøąจčúïขĂงÿĊĕüĒúąĔĀÿĊîĚĞćđงĉîìĊęđขöขċĚîêćöðøĉöćèēðøêĊîìĊęöĊĂ÷ĎǰîĂกจćกîĊĚ÷ĆงđðúĊę÷îÿöïĆêĉกćøéĎéĒÿง

ขĂงÿĊจćกđéĉöìĊęöĊคćǰλmax đðîǰ465 îćēîđöêøǰĕðđðîǰ595 îćēîđöêø [3] 
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øĎปทĊęǰ2.8 ÿđðคêøĆöขĂงÿĊ Coomassie brilliant Blue G-250ǰđöČęĂĕöĕéจĆïกĆïēðøêĊîǰ(ÿĊĒéง)ǰĒúą
ÿđðคêøĆöขĂงÿĊCoomassie brilliant Blue G-250ǰđöČęĂจĆïกĆïēðøêĊîǰ(ÿĊđขĊ÷ü) [4] 

 
2.5 กćøÿกĆดดšü÷นĚĞćõćüąกċęงüĉกùตǰ(Subcritical Water Extraction) 

2.5.1 บทนĞć 
กćøÿกĆéÿŠüîðøąกĂïขĂงóČชǰüĉíĊกćøÿกĆéĔĀöŠǰđชŠîǰกćøÿกĆéēé÷กćøĔชšĕöēคøđüôชŠü÷ǰ

(Microwave assisted extraction:ǰMAE), กćøÿกĆééšü÷ขĂงĕĀúõćüąđĀîČĂüĉกùêǰ(Supercritical 
fluid extraction:ǰSFE), กćøÿกĆééšü÷êĆüìĞćúąúć÷đøŠงéŠüîǰ (Accelerated solvent extraction:ǰ
ASE) ĀøČĂǰกćøÿกĆééšü÷ขĂงđĀúüĒøงéĆîÿĎงǰ(Pressurized liquid extraction:ǰPLE) ĒúąǰกćøÿกĆé
éšü÷îĚĞćกċęงüĉกùêǰ(Subcritical water extraction:ǰSWE) ĀøČĂìĊęđøĊ÷กüŠćกćøÿกĆééšü÷îĚĞćøšĂî÷üé÷ĉęงǰ
(Superheated water extraction) ĀøČĂกćøÿกĆééšü÷îĚĞćøšĂîĒøงéĆîÿĎงǰ(Pressurized hot water 
extraction:ǰPHWE) กćøÿกĆééšü÷îĚĞćõćüąกċęงüĉกùêǰ (Subcritical water extraction:ǰSWE) đðŨî
đìคîĉคĔĀöŠĒúąöĊðøąÿĉìíĉõćóìĊęĂčèĀõĎöĉøąĀüŠćงǰ100 ëċงǰ374 ĂงýćđซúđซĊ÷ÿĒúąìĊęคüćöéĆîÿĎง
óĂìĊęจąøĆกþćÿëćîąขĂงđĀúüǰ(éĆงøĎðìĊęǰ1) ÿöïĆêĉóĉđýþขĂงîĚĞćคČĂöĊจčéđéČĂéÿĎงöćกÿĞćĀøĆïöüúÿćøìĊęöĊ
คŠćคงìĊęĕéĂĉđúĘกìøĉกÿĎงĒúąขĆĚüÿĎงǰđöČęĂĂčèĀõĎöĉđóĉęöขċĚîĂĆêøćกćøĒóøŠǰคüćöĀîČéĒúąĒøงêċงñĉüจąúéúง

Ă÷ŠćงชĆéđจîǰéšü÷đĀêčîĊĚìĞćĔĀšüĆêëčéĉïìĊęöĊขĆĚüöćก(öĊคüćöÿćöćøëĔîกćøúąúć÷ĔîîĚĞćĕéšéĊ )ǰìĊęõćüąðกêĉǰ
จąëĎกéċงĂĂกöćĕéšĂ÷ŠćงöĊðøąÿĉìíĉõćóÿĎงÿčéìĊęĂčèĀõĎöĉêęĞćกüŠćǰขèąìĊęüĆêëčéĉïìĊęöĊขĆĚüðćîกúćงĒúą

üĆêëčéĉïìĊęĕöŠöĊขĆĚüêšĂงกćøêĆüกúćงìĊęöĊขĆĚüîšĂ÷ìĊęĂčèĀõĎöĉìĊęÿĎงขċĚî 
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จćกñúงćîüĉจĆ÷ìĊęêĊóĉöóŤĔîชŠüงĕöŠกĊęðŘìĊęñŠćîöćĒÿéงĔĀšđĀĘîüŠćǰกćøÿกĆééšü÷îĚĞćõćüąกċęงüĉกùê

đðŨîüĉíĊกćøÿกĆéìĊęÿąĂćéขċĚîǰđøĘüขċĚîĒúąøćคćëĎกกüŠćüĉíĊกćøÿกĆéĒïïéĆĚงđéĉöǰîĚĞćöĆîĀĂöøąđĀ÷ขĂงǰ  
Z. multiflora ìĊęÿกĆéēé÷îĚĞćõćüąกċęงüĉกùêđðøĊ÷ïđìĊ÷ïกĆïüĉíĊกćøìĆęüĕðǰ2 üĉíĊǰคČĂǰHydrodistillation 
ĒúąǰSoxhlet óïüŠćðøĉöćèìĊęÿกĆéĕéšìĆĚงĀöéǰคČĂǰ2.58, 1.51 Ēúąǰ2.21% (w/w) êćöúĞćéĆïǰกćø
đðøĊ÷ïđìĊ÷ïøąĀüŠćงðøĉöćèขĂงǰThymol ĒúąǰCarvacrol (öĉúúĉกøĆöêŠĂกøĆöêĆüĂ÷ŠćงĒĀšง)ǰ ēé÷
üĉíĊกćøÿกĆééšü÷îĚĞćõćüąกċęงüĉกùê, Hydrodistillation ĒúąǰSoxhlet éĆงĒÿéงĔîêćøćงìĊęǰ1 จąđĀĘîĕéš
üŠćðøĉöćèÿŠüîðøąกĂïขĂงĂĂกซĉđจîจćกกćøÿกĆééšü÷üĉíĊîĚĞćõćüąกċęงüĉกùêöćกกüŠćĂĊกǰ 2 üĉíĊĂ÷ŠćงöĊ
îĆ÷ÿĞćคĆญǰซċęงēé÷ìĆęüĕðÿŠüîðøąกĂïìĊęĕöŠđðŨîĂĂกซĉđจîจąöĊคüćöéĆîĕĂêęĞćกüŠćđöČę ĂđðøĊ÷ïđìĊ÷ïกĆï

ÿŠüîðøąกĂïìĊęöĊĂĂกซĉđจîǰéĆงîĆĚîÿŠüîðøąกĂïìĊęöĊĂĂกซĉđจîจąÿกĆéĕéšéĊกüŠćÿĞćĀøĆïกćøÿกĆééšü÷îĚĞć

õćüąกċęงüĉกùê 
 

 
 
 
 
 
 
 
 
 
 

øĎปทĊęǰ2.9 ĒñîõćóđôÿขĂงîĚĞćĔîôŦงกŤชĆîขĂงĂčèĀõĎöĉĒúąคüćöéĆî [8] 
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ตćøćงทĊęǰ2.2ǰðøĉöćèขĂงǰThymol ĒúąǰCarvacrol (öĉúúĉกøĆöêŠĂกøĆöêĆüĂ÷ŠćงĒĀšง)ǰขĂงîĚĞćöĆîขĂงǰ
Z.multiflora ìĊęÿกĆééšü÷üĉíĊîĚĞćõćüąกċęงüĉกùê (SWE), Hydrodistillation ĒúąǰSoxhlet [8] 

Components SWE* Hydrodistillation+ Soxhlet extraction++ RI§ 

Thymol 9.25 (4.77%)** 4.38 (2.97%) 0.94 (2.78%) 1,232 

Carvacrol 11.51 (4.33%) 4.06 (3.31%) 1.39 (2.83%) 1,242 

Sample weight = 4 g; particle size = 0.5 mm; flow rate = 2 mL/min; temperature = 150°C; 
pressure = 20 bar; and extraction time = 150 min. 
*   Extraction time = 150 min. 
**  Relative SD percent. 
+   Extraction time = 180 min.  
++ Extraction time = 210 min 
§   Retention indices (RI) on the DB-5 column. 

2.5.2ǰตĆüĒปøทĊęöĊผúตŠĂกćøÿกĆดดšü÷นĚĞćõćüąกċęงüĉกùต 
2.5.2.1ǰñúขĂงĂčèĀõĎöĉ 

ĀîċęงĔîêĆüĒðøìĊęÿĞćคĆญìĊęÿčéìĊęöĊñúêŠĂðøąÿĉìíĉõćóขĂงǰSWE คČĂĂčèĀõĎöĉขĂงกćø

ÿกĆéǰđöČęĂĂčèĀõĎöĉđóĉęöขċĚîǰĒøงêšćîÿîćöĕôôŜćจąúéúงǰĂĆêøćกćøĒóøŠจąđóĉęöขċĚîǰคüćöĀîČé

ĒúąĒøงêċงñĉüจąúéúงǰSWE ÿćöćøëÿกĆéĕéšจîëċงĂčèĀõĎöĉÿĎงÿčéìĊęöĆîจąĂîčญćêĀøČĂĀöć÷ëċงǰ
กćøđóĉęöขċĚîขĂงĂčèĀõĎöĉĔîกćøÿกĆéđĀîČĂคŠćคŠćĀîċęงกŠĂĔĀšđกĉéกćøÿúć÷êĆüขĂงÿŠüîðøąกĂï

ขĂงîĚĞćöĆîĀĂöøąđĀ÷ǰÿĞćĀøĆïกćøÿกĆéîĚĞćöĆîĀĂöøąđĀ÷ǰĂčèĀõĎöĉìĊęéĊìĊęÿčéจąĂ÷ĎŠĔîชŠüงǰ125 ǰ

Ēúąǰ175°CǰĂčèĀõĎöĉกćøÿกĆéÿĞćĀøĆïǰZ.multifloraǰĕéšøĆïกćøðøĆïĔĀšđĀöćąÿöđóČęĂđóĉęö
ðøąÿĉìíĉõćóขĂงǰThymol ĒúąǰCarvacrolǰđðŨîĂงคŤðøąกĂïÿĞćคĆญǰ(öćกกüŠćǰ72%) ēé÷
öĆîëĎกýċกþćìĊęĂčèĀõĎöĉǰ100ǰëċงǰ175°CǰĒúąđúČĂกขîćéĂîčõćคǰĂĆêøćกćøĕĀúǰđüúćĔîกćø
ÿกĆéĒúąคüćöéĆîìĊęǰ0.5ǰmm, 2 ml/min, 60 min Ēúąǰ20 bar êćöúĞćéĆïǰéĆงĒÿéงĔîøĎðìĊęǰ
2.10 
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øĎปทĊęǰ2.10ǰñúขĂงĂčèĀõĎöĉêŠĂĂงคŤðøąกĂïîĚĞćöĆîĀĂöøąđĀ÷ขĂงǰZ.multifloraǰìĊęĕéšจćกǰSWE ēé÷ĔชšîĚĞćĀîĆก
êĆüĂ÷Šćงǰ4ǰg, ĂĆêøćกćøĕĀúǰ2 ml/min, ขîćéĂîčõćคǰ0.5 mm, คüćöéĆîǰ20ǰbarǰĒúąđüúćÿกĆéǰ60ǰmin 

จąđĀĘîĕéšüŠćðøąÿĉìíĉõćóขĂงǰThymol ĒúąǰCarvacrolǰđóĉęöขċĚîĂ÷ŠćงคงìĊęđöČęĂđóĉęö
ĂčèĀõĎöĉจîëċงǰ150°CǰĒêŠìĊęĂčèĀõĎöĉǰ175°CǰðøąÿĉìíĉõćóúéúงĒúąöĊกúĉęîĕĀöšขĂงกćøÿกĆé
đกĉéขċĚîǰöĆîĂćจจąđðŨîñúจćกกćøÿúć÷êĆüขĂงĂงคŤðøąกĂïïćงĂ÷Šćง 
2.5.2.2ǰñúขĂงขîćéĂîčõćค 

ñúขĂงĂîčõćคêŠĂðøąÿĉìíĉõćóกćøÿกĆéขĂงǰThymol ĒúąǰCarvacrolǰìĊęĂčèĀõĎöĉǰ

150°C, ĂĆêøćกćøĕĀúǰ2 ml/min, คüćöéĆîǰ20 bar ĒúąđüúćĔîกćøÿกĆéǰ150ǰmin éĆงĒÿéง
ĔîøĎðìĊęǰ2.11ǰĂîčõćคขĂงĔïĕöšìĊęëĎกđúČĂกöĊǰ3ǰขîćéǰĕéšĒกŠǰ0.25, 0.5 Ēúąǰ1.0 mm ðøĉöćè
ÿčéìšć÷ขĂงǰThymol ĒúąǰCarvacrolǰìĊęëĎกÿกĆéจćกขîćéǰ0.5 mm öĊðøĉöćèĔกúšđคĊ÷งกĆï

ขîćéǰ0.25ǰmm ซċęงĒÿéงüŠćกøąïüîกćøÿกĆéĂćจจąĕöŠĕéšëĎกคüïคčöéšü÷กćøëŠć÷ēĂîöüú
ขĂงǰThymol ĒúąǰCarvacrolǰđóøćąöĆîëĎกคćéđéćĕüšüŠćขîćéǰ0.5ǰmmǰ(ĔĀญŠกüŠć) จąÿกĆé
ĕéšöćกกüŠćขîćéǰ0.25ǰmm 
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øĎปทĊęǰ2.11ǰñúขĂงขîćéĂîčõćคêŠĂðøąÿĉìíĉõćóกćøÿกĆéขĂงǰa)ǰThymol Ēúą b) Carvacrol ขĂงǰ

Z.multifloraǰìĊęĕéšจćกǰSWE ēé÷ĔชšîĚĞćĀîĆกêĆüĂ÷Šćงǰ4ǰg, ĂĆêøćกćøĕĀúǰ2 ml/min, ĂčèĀõĎöĉìĊęǰ150°C Ēúą
คüćöéĆîǰ20ǰbar [8] 

 กćøĂíĉïć÷ìĊęđðŨîĕðĕéšÿĞćĀøĆïกćøìéúĂงîĊĚĂćจจąđðŨîđóøćąĂîčõćคĂ÷ĎŠชĉéêĉéกĆîìĊę

đüúćđøĉęöêšîĒúąđüúćĔîกćøÿกĆéđðŨîĕðĂ÷ŠćงชšćǰĀúĆงจćกกćøÿกĆéđÿøĘจÿöïĎøèŤกćøêĉéกĆîขĂง

ĂîčõćคĕéšĒ÷กĀŠćงĂĂกจćกกĆîĒúąìĊęðøĉöćèกćøÿกĆéÿčéìšć÷ขĂงĂîčõćคขîćéǰ0.25ǰmm öĊ
öćกกüŠćǰ0.5ǰmm ÿĞćĀøĆïĂîčõćคขîćéĔĀญŠกüŠćǰ1.0 mm ðøąÿĉìíĉõćóจąúéúงĂ÷Šćงöćกǰ
ĒÿéงĔĀšđĀĘîüŠćกøąïüîกćøîĊĚĂćจëĎกคüïคčöēé÷กćøëŠć÷ēĂîöüúขĂง  Thymol Ēúąǰ
CarvacrolǰÿĞćĀøĆïขîćéĂîčõćคìĊęĔĀญŠขċĚîđóČęĂðŜĂงกĆîกćøøąđĀ÷ขĂงîĚĞćöĆîĀĂöøąđĀ÷Ĕî
øąĀüŠćงกćøïéĔïĕöšĒúąđóČęĂĔĀšกćøìĞćงćîขĂงêĆüกøĂงงŠć÷ขċĚîǰÿĞćĀøĆïกćøìéúĂงđóĉęöđêĉöคŠć

ขĂงขîćéĂîčõćคìĊęéĊìĊęÿčéคČĂǰ0.5ǰmm [8] 
 
2.6 Autoclave 

2.6.1 ĂčณĀõĎöĉĒúąคüćöดĆนöćตøฐćนขĂงĀöšĂนċęงคüćöดĆน 
กøąïüîกćøขĂงĀöšĂîċęงคüćöéĆîéĞćđîĉîกćøìĊęĂčèĀõĎöĉÿĎงĔîชŠüงđüúćÿĆĚîǰėǰöćกกüŠćĂčèĀõĎöĉ

êęĞćĒêŠđðŨîđüúćîćîǰĂčèĀõĎöĉĒúąคüćöéĆîöćêøฐćîìĊęĔชšคČĂǰ115°C/10 psi. , 121°C/15 psi. Ēúąǰ
132°C/27 psiǰ(psi = ðĂîéŤêŠĂêćøćงîĉĚü)ǰēé÷ìĆęüĕðกćøîċęงéšü÷คüćöøšĂîจąĔชšคüćöøšĂîĔîĕĂîĚĞć
ĂĉęöêĆüõć÷ĔêšคüćöéĆîðøąöćèǰ15 psi đóČęĂĔĀšĕéšĂčèĀõĎöĉĂ÷ŠćงîšĂ÷ 121°C (250°F) 
2.6.2 กćøทĞćงćนขĂงĀöšĂนċęงคüćöดĆน 

ĒñîõćóขĂงĀöšĂîċęงคüćöéĆîĒÿéงĔĀšđĀĘîëċงคüćöđøĊ÷ïงŠć÷ขĂงกćøéĞćđîĉîงćîǰēé÷óČĚîฐćî

ĒúšüĕĂîĚĞćจąđขšćÿĎŠĒจĘคđกĘêĒชöđïĂøŤ  (chamber jacket) ñŠćîüćúŤüðฏĉïĆêĉกćøǰ(operating valve) 
ĒúąđขšćĕðìćงéšćîĀúĆงขĂงĀšĂงéšćîĀúĆงĒñŠîกĆĚîǰ(baffle plate) ĕĂîĚĞćĕĀúĕðขšćงĀîšćĒúąúงñŠćîĀšĂงǰ
(chamber) ĒúąēĀúéĂĂกจćกĀöšĂìĊęéšćîúŠćงéšćîĀîšćǰ(front bottom) đคøČęĂงðøĆïคüćöéĆîøĆกþć
คüćöéĆîĒจĘคđกĘêǰ(jacket) Ēúą ĒชöđïĂøŤǰ(chamber) ìĊęคüćöéĆîĂ÷ŠćงîšĂ÷ǰ15 psi ซċęงđðŨîคüćöéĆî
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ìĊęจĞćđðŨîÿĞćĀøĆïĕĂîĚĞćĂčèĀõĎöĉǰ121°C (250°F)ǰöĊกćøðŜĂงกĆîĒøงéĆîđกĉîǰ(overpressure) ēé÷üćúŤü
îĉøõĆ÷ǰöĊกćøคüïคčöĂčèĀõĎöĉđóČęĂĔĀšคüćöøšĂîǰ(ĕĂîĚĞćöćกขċĚî)ǰëĎกîĞćĕðĔชšจîกüŠćจąëċงǰ121°C ซċęงจą
đøĉęöจĆïđüúćđøĉęöìĞćงćîĒúąจąøĆกþćĂčèĀõĎöĉĕðจîëċงđüúćìĊęกĞćĀîé [9] 

 
øĎปทĊęǰ2.12ǰกćøìĞćงćîขĂงđคøČęĂงĀöšĂîċęงคüćöéĆî [9] 

2.7 Isoelectric point 
จčéĕĂēซĂĉđúกìøĉกǰ(isoelectric point) คČĂคŠćǰpH ìĊęðøąจčøüöขĂงกøéĂąöĉēîǰ(amino acid) ĀøČĂ

ēðøêĊîǰ(protein) đðŨîýĎî÷ŤǰđîČęĂงจćกēöđúกčúขĂงกøéĂąöĉēîǰĒúąēðøêĊîǰöĊìĆĚงĀöĎŠĂąöĉēîǰ(amino group) ìĊę
đðŨîđïÿĂŠĂîǰĒúąĀöĎŠคćøŤïĂกซĉúǰ(carboxyl group) ìĊęđðŨîกøéĂŠĂîǰøüöëċงǰĀöĎŠǰR ìĊęđðŨîĕéšìĆĚงìĊęöĊขĆĚüǰĀøČĂöĊ
ðøąจčïüกǰĀøČĂðøąจčúïǰìĞćĔĀšกøéĂąöĉēîđðŨîĕéšìĆĚงกøéĒúąđïÿǰขċĚîĂ÷ĎŠกĆïคŠćǰpH 

กøéĂąöĉēîìĊęóïĔîíøøöชćêĉǰöĊðøąจčøüöđðŨîúïǰ(negative charge) ซċęงðøąจčúïìĊęđĀöČĂîกĆîจąđกĉé
ĒøงจąñúĆกกĆîǰìĞćĔĀšกøéĂąöĉēîĒขüîúĂ÷ĀøČĂúąúć÷ĔîîĚĞćĕéšǰĀćกöĊกćøðøĆïคŠćǰpH ขĂงกøéĂąöĉēîĔĀšúéúงǰ
đìŠćกĆïจčéĕĂēซĂĉđúĘกìøĉกǰซċęงðøąจčøüöขĂงกøéĂąöĉēîđðŨîýĎî÷ŤǰĒøงñúĆกกĆîøąĀüŠćงðøąจčìĊęđĀöČĂîกĆîจąúéúงǰ

ðøąจčïüกĒúąúïìĊęöĊĂ÷ĎŠ đìŠćėǰกĆîǰè.จčéîĊĚจąéĎéกĆîǰöĊñúĔĀšēðøêĊîÿĎญđÿĊ÷ÿõćóíøøöชćêĉǰ (proteinǰ
denaturation) ĒúąêกêąกĂîǰ(precipitation) ëċงĒöšกøéĂąöĉēîïćงชîĉéจą÷Ćงúąúć÷ĕéšǰĒêŠคŠćǰpH ìĊęจčéîĊĚ
กøéĂąöĉēîจąöĊกćøúąúć÷ĕéšîšĂ÷ìĊęÿčéǰëšćĀćกðøĆïคŠćǰpH ขĂงēðøêĊîêęĞćกüŠćจčéĕĂēซĂĉđúĘกìøĉกจąìĞćĔĀšกøéĂą
öĉēîöĊðøąจčøüöđðŨîïüกǰ(positive charge) [11] 
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บททĊęǰ3 
üĉธĊกćøดĞćđนĉนงćนüĉจĆ÷ 

ǰǰǰǰǰǰǰǰงćîüĉจĆ÷îĊĚýċกþćñúขĂงĂčèĀõĎöĉǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰĒúąđüúćìĊęđĀöćąÿöĔîกćø

ÿกĆéēðøêĊîǰđóČęĂĔĀšĕéšñúñúĉêìĊęöĊðøąÿĉìíĉõćóÿĎงÿčééšü÷îĚĞćõćüąกċęงüĉกùêĔîđคøČęĂงǰautoclaveǰ 
 
3.1 ÿćøตĆĚงตšนĒúąÿćøđคöĊ 
1. กćกđöúĘéöąøčö 
2. îĚĞćกúĆęî 
3. Tris       
4. Glycine      
5. ñงǰSDS       
6. 10% APS      
7. 30% Acrylamide ı 0.8% Bisacrylamide  
8. TEMED 
9. 10% SDS       
10. 1.5 M Tris-HCL, pH 8.8 
11. 1.5ǰM Tris-HCL, pH 6.8 
12. Standard protein (BSA) 
13. Bradford reagent  
14. Protein marker 
15. Destaining solution 
16. Coomassie blueǰG-250 
 
3.2 đคøČęĂงöČĂĒúąĂčปกøณŤ 
1.ǰĂčðกøèŤÿĞćĀøĆïüĆéคŠćกćøéĎéกúČîĒÿง 
2. ชčéĂčðกøèŤÿĞćĀøĆïüĉđคøćąĀŤǰSDS-PAGE 
3. đคøČęĂงǰAutoclave 
4. đคøČęĂงǰIncubatorǰ 
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5. êĎšĂï 
6. กøąéćþกøĂง 
7. ชčéกøĂงÿčญญćกćýðøąกĂïéšü÷ðŦūöéĎéĂćกćýìĊęêŠĂกĆïชčéđคøČęĂงĒกšüǰ 
8.ǰกøąéćþôøĂ÷éŤ 
9.ǰđคøČęĂงชĆęงîĚĞćĀîĆกĕôôŜćǰคüćöúąđĂĊ÷éìýîĉ÷öǰ4 êĞćĒĀîŠง 
10. ชšĂîêĆกÿćø 
11.ǰđคøČęĂงĒกšüǰđชŠîǰïĊกđกĂøŤǰขüéøĎðชöóĎŠǰกøü÷กøĂงǰĒìŠงĒกšüคîÿćøǰđðŨîêšî 
12. ขüéĔÿŠêĆüĂ÷Šćง 
13. ĕöēคøðŗđðêǰขîćéǰ1000,ǰ200ǰĒúąǰ100 µl 
14. ĀúĂéĕöēคøđซîêĉôŗüกŤǰ 
15. ëćéĀúčöǰ96 well-plate 
 
 
 
 
 
 
 

øĎปทĊęǰ3.1ǰđคøČęĂงǰAutoclave ÷ĊęĀšĂǰHirayama øčŠîǰHVA-110 
 
 
 
 
 
 
 

 
øĎปทĊęǰ3.2 đคøČęĂง IncubatorǰĒúąĂčðกøèŤÿĞćĀøĆïüĆéคŠćกćøéĎéกúČîĒÿง 
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3.3 üĉธĊกćøทดúĂง 
3.3.1. กćøÿกĆดēปøตĊนดšü÷üĉธĊนĚĞćõćüąกċęงüĉกùต 

êĆüĒðøìĊęýċกþćǰĕéšĒกŠǰĂčèĀõĎöĉĔîกćøÿกĆéǰ105, 110ǰĒúąǰ120ǰĂงýćđซúđซĊ÷ÿǰÿĆéÿŠüîขĂง
กćกđöúĘéöąøčöกĆïîĚĞćøšĂ÷úąǰ5, 10ǰĒúąǰ20ǰēé÷îĚĞćĀîĆกêŠĂðøĉöćêøǰĒúąđüúćìĊęĔชšĔîกćøÿกĆéǰ30ǰ
Ēúąǰ60ǰîćìĊ 

3.3.1.1 đêøĊ÷öĂčðกøèŤĒúąÿćøêĆüĂ÷ŠćงêćöĒêŠúąđงČęĂîĕข 
3.3.1.2 êĆĚงคŠćđงČęĂîĕขìĊęđคøČęĂงǰAutoclave 
3.3.1.3 îĞćêĆüĂ÷ŠćงìĊęĕéšöćกøĂงĒ÷กøąĀüŠćงขĂงđĀúüĒúąขĂงĒขĘงēé÷กćøéĎéÿčญญćกćý 
3.3.1.4 îĞćขĂงđĀúüìĊęĕéšïøøจčĔÿŠขüéđกĘïÿćøêĆüĂ÷ŠćงĒúšüîĞćĕðđกĘïĕüšìĊęĂčèĀõĎöĉǰ4 Ăงศć 

đซลđซĊยสǰจćกîĆĚîîĞćขĂงĒขĘงìĊęĕéšจćกกćøกøĂงĕðชĆęง 
3.3.1.5 îĞćขĂงĒขĘงìĊęชĆęงđøĊ÷ïøšĂ÷ĒúšüđขšćêĎšĂïēé÷ìĞćกćøĂïขšćöคČîǰĒúšüîĞćöćชĆęงĔĀöŠ 

ĂĊกคøĆĚงĔîüĆîëĆéĕð 
3.3.2. กćøüĉđคøćąĀŤēปøตĊนดšü÷üĉธĊǰSDS-PAGE 

3.3.2.1. đêøĊ÷öÿćøúąúć÷ Glycine-buffer, 10% APS, 15% Separating gel Ēúąǰ5%ǰ 
Stacking gel 

3.3.2.2.ǰǰđêøĊ÷öĒñŠîđจúǰēé÷Ā÷Ăéǰ15% Separating gelǰúงĔîǰgel sandwich ēé÷Ĕชšǰ 
pipette đêĉöÿćøúąúć÷úงǰēé÷Ā÷ĂéĔĀšĕéšðøąöćèǰ3ǰĔîǰ4 ขĂงคüćöÿĎงขĂง
กøąจกǰêŠĂöćจċงĀ÷éîĚĞćกúĆęîúงĕðđóČęĂìĞćกćøĕúŠôĂงĂćกćýǰจćกîĆĚîøĂĔĀšđจúĒขĘงêĆüǰ

ēé÷Ĕชšđüúćðøąöćèǰ20-30 îćìĊǰđöČęĂđจúĒขĘงêĆüĒúšüĔĀšìĞćกćøđìîĚĞćกúĆęîĂĂกĒúąĔชš
กøąéćþìĉชชĎŠซĆïìĊęขĂïขĂงกøąจกĔĀšĒĀšงจćกîĆĚîĀ÷Ăéǰ5% Stacking gelǰúงĔîǰ
gel sandwich ēé÷Ĕชš ǰpipetteǰđêĉöÿćøúąúć÷ĔĀšìŠüöกøąจกĒúąìĞćกćøĕúŠ
ôĂงĂćกćýĂĂกǰจćกîĆĚîđÿĊ÷ïĀüĊúงĕðĔîđจúđóČęĂìĞćĀúčöÿĞćĀøĆïĀ÷ĂéêĆüĂ÷ŠćงǰĒúą

đöČęĂđจúĒขĘงêĆüĒúšüǰĔĀšéċงĀüĊĂĂกจćกđจú 
3.3.2.3. ǰđêøĊ÷öÿćøêĆüĂ÷ŠćงîĞćđจúìĊęĕéšöćðøąกĂïกĆïĂčðกøèŤÿĞćĀøĆïกćøüĉđคøćąĀŤǰจćกîĆĚî 

ìĞćกćøĀ÷Ăé protein marker ĒúąǰÿćøêĆüĂ÷ŠćงúงĔîđจúǰđöČęĂĀ÷ĂéÿćøêĆüĂ÷Šćง
đøĊ÷ïøšĂ÷ĒúšüǰจċงìĞćกćøđìÿćøúąúć÷ Glycine-buffer úงĔîĂčðกøèŤÿĞćĀøĆïøĆîđจúǰ
ēé÷ĔÿŠĔĀšëċงขĊéïĂกðøĉöćêøìĊęกĞćĀîéǰจćกîĆĚîðøąกĂïĂčðกøèŤĔĀšđøĊ÷ïøšĂ÷ǰĒúąìĞć
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กćøüĉđคøćąĀŤēé÷ĔชšกøąĒÿĕôôŜćǰ100 öĉúúĉĒĂöĒðøŤǰĒúąจąìĞćกćøĀ÷čéกøąĒÿĕôôŜć
đöČęĂÿćøêĆüĂ÷ŠćงúงöćëċงขĂïúŠćงขĂงกøąจกǰēé÷จąĔชšđüúćðøąöćèǰ30 îćìĊ 

3.3.2.4.  ÷šĂöÿĊĒñŠîđจúǰîĞćÿĊ÷šĂöđìĔÿŠกúŠĂงóúćÿêĉกĒúąđข÷ŠćđðŨîđüúćǰ5 îćìĊกŠĂîจąîĞć 
đจúĔÿŠúงĕðǰจćกîĆĚîîĞćđจúĂĂกจćกĂčðกøèŤüĉđคøćąĀŤǰĒúąêĆéÿŠüîǰStacking gelǰ
ĂĂกǰĒúąîĞćÿŠüîǰSeparating gelǰöćĔÿŠĕüšĔîÿĊ÷šĂöǰĒúąđข÷ŠćêŠĂđðŨîđüúćǰ30 îćìĊ 

3.3.2.5.ǰǰđöČęĂ÷šĂöÿĊđจúđøĊ÷ïøšĂ÷ĒúšüǰđìǰDestain úงĔîกúŠĂงóúćÿêĉกǰđข÷ŠćđðŨîđüúćǰ30  
îćìĊǰđöČęĂคøïđüúćêćöìĊęกĞćĀîéđìǰDestain ĔÿŠขüéǰwaste ĒúąìĞćซĚĞćĂĊกǰ2 øĂï 

3.3.2.6. üĉđคøćąĀŤēðøêĊîēé÷ìĞćกćøđðøĊ÷ïđìĊ÷ïĒëïìĊęĕéšกĆïǰprotein markerǰđóČęĂ 
ðøąöćèคŠćขĂงîĚĞćĀîĆกēöđúกčúขĂงēðøêĊîขĂงÿćøêĆüĂ÷Šćง 

3.3.3. กćøüĉđคøćąĀŤēปøตĊนดšü÷üĉธĊǰBradford assay  
3.3.3.1. đêøĊ÷öÿćøúąúć÷ǰStandard protein (BSA)ǰēé÷öĊคüćöđขšöขšîǰ100, 80, 60, 40,ǰ 

20 Ēúąǰ0 µg/ml 
3.3.3.2. ðøĆïคüćöđขšöขšîขĂงÿćøêĆüĂ÷Šćงǰēé÷ÿćøêĆüĂ÷Šćงǰ 1 êĆüðøĆïคüćöđขšöขšîđðŨîǰ3  

คüćöđขšöขšîéĆงîĊĚǰ1/3, 1/9 Ēúąǰ1/18 µg/ml 
3.3.3.3. éĎéÿćøêĆüĂ÷Šćงöćðøĉöćêøǰ40 µlǰĒúąéĎéǰBradford reagent öćðøĉöćêøǰ200 µl  

ĒúšüĀ÷ĂéúงĔîëćéĀúčöǰ96 well-plateǰ 
3.3.3.4. îĞćëćéĀúčöóúćÿêĉกĔÿŠĔîđคøČęĂงǰIncubator ìĊęĂčèĀõĎöĉǰ29 ĂงýćđซúđซĊ÷ÿǰđðŨî 

đüúćǰ10 îćìĊ  
3.3.3.5. îĞćĕðüĆéคŠćกćøéĎéกúČîĒÿงìĊęคüćö÷ćüคúČęîǰ595ǰîćēîđöêø จćกîĆĚîîĞćñúìĊęĕéšĕð 

คĞćîüèĒúąüĉđคøćąĀŤคüćöđขšîขšîขĂงēðøêĊîĔîÿćøêĆüĂ÷Šćง [10] 
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บททĊęǰ4 
ผúกćøทดúĂงĒúąĂõĉปøć÷ผúกćøทดúĂง 

งćîüĉจĆ÷îĊĚýċกþćñúขĂงĂčèĀõĎöĉǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰĒúąđüúćìĊęđĀöćąÿöĔîกćø

ÿกĆéēðøêĊîǰđóČęĂĔĀšĕéšñúñúĉêìĊęöĊðøąÿĉìíĉõćóÿĎงÿčééšü÷îĚĞćõćüąกċęงüĉกùêĔîđคøČęĂงǰautoclaveǰēé÷êĆüĒðøìĊę
ýċกþćǰĕéšĒกŠǰĂčèĀõĎöĉĔîกćøÿกĆéǰ105, 110ǰĒúąǰ120ǰĂงýćđซúđซĊ÷ÿǰÿĆéÿŠüîขĂงกćกđöúĘéöąøčöกĆïîĚĞćøšĂ÷úąǰ
5, 10ǰĒúąǰ20ǰēé÷îĚĞćĀîĆกêŠĂðøĉöćêøǰĒúąđüúćìĊęĔชšĔîกćøÿกĆéǰ30ǰĒúąǰ60ǰîćìĊǰĒúąìĞćกćøìéúĂง
üĉđคøćąĀŤĀćขîćéขĂงēðøêĊîéšü÷üĉíĊǰSDS-PAGE ĒúąüĉđคøćąĀŤĀćðøĉöćèขĂงēðøêĊîéšü÷üĉíĊǰBradford assay 
4.1. ผúกćøüĉđคøćąĀŤĀćขนćดขĂงēปøตĊนดšü÷üĉธĊǰSDS-PAGE 

 
 
 
 
 
 
 
 

øĎปทĊęǰ4.1ǰñúกćøüĉđคøćąĀŤĀćขîćéēðøêĊîขĂงÿćøêĆüĂ÷ŠćงìĊęĂčèĀõĎöĉǰ 
ĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćĒúąđüúćìĊęêŠćงกĆî 

 จćกøĎðìĊęǰ4.1 óïüŠćđöČęĂìĞćกćøđðøĊ÷ïđìĊ÷ïขîćéēðøêĊîìĊęÿกĆéĕéšกĆïēðøêĊîöćêøฐćîóïüŠćēðøêĊîǰ
(ชŠĂง M)ǰÿćöćøëÿøčðĕéšüŠćēðøêĊîìĊęÿกĆéĕéšจćกêĆüĂ÷ŠćงÿŠüîöćกöĊขîćéēöđúกčúĂ÷ĎŠìĊęชŠüงǰ11 ëċงǰ17 kDa ซċęง
ขîćéìĊęĕéšëČĂüŠćđðŨîēðøêĊîìĊęöĊขîćéđúĘกǰงŠć÷êŠĂกćøéĎéซċööćกกüŠćēðøêĊîìĊęöĊขîćéĔĀญŠǰìĞćĔĀšúéขĆĚîêĂîĔî

กćø÷ŠĂ÷ēðøêĊîúงǰøŠćงกć÷ÿćöćøëîĞćĕðĔชšðøąē÷ชîŤĕéšđøĘü÷ĉęงขċĚîǰéĆงîĆĚîขîćéēðøêĊîìĊęĕéšจċงđĀöćąĒกŠกćøîĞćĕð

ĒðøøĎðđðŨîñúĉêõĆèæŤĂČęîėǰĕéšǰđชŠîǰñúĉêõĆèæŤđÿøĉöĂćĀćøǰđðŨîêšî 
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ตćøćงทĊęǰ4.1 ĒÿéงĀöć÷đúขขĂงÿćøêĆüĂ÷ŠćงìĊęĒìîïîĒñŠîđจú 
Āöć÷đúข ĂčèĀõĎöĉ/ǰĂĆêøćÿŠüîøąĀüŠćง

กćกđöúĘéöąøčöกĆïîĚĞć/ǰđüúćĔî
กćøÿกĆé 

Āöć÷đúข ĂčèĀõĎöĉ/ǰĂĆêøćÿŠüîøąĀüŠćง
กćกđöúĘéöąøčöกĆïîĚĞć/ǰđüúćĔî

กćøÿกĆé 
1 105°C/ 5%/ 30min 10 105°C/ǰ5%/ǰ60min 

2 105°C/ 10%/ 30min 11 105°C/ǰ10%/ǰ60min 

3 105°C/ 20%/ 30min 12 105°C/ 20%/ǰ60min 

4 110°C/ 5%/ 30min 13 110°C/ 5%/ǰ60min 

5 110°C/ǰ10%/ǰ30min 14 110°C/ǰ10%/ǰ60min 

6 110°C/ǰ20%/ǰ30min 15 110°C/ǰ20%/ǰ60min 

7 120°C/ǰ5%/ǰ30min 16 120°C/ǰ5%/ǰ60min 

8 120°C/ǰ10%/ǰ30min 17 120°C/ǰ10%/ǰ60min 

9 120°C/ǰ20%/ǰ30min 18 120°C/ǰ20%/ǰ60min 
 
4.2. ผúกćøüĉđคøćąĀŤĀćปøĉöćณขĂงēปøตĊนดšü÷üĉธĊǰBradford assay 

จćกกćøýċกþćñúขĂงĂčèĀõĎöĉǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰĒúąđüúćìĊęđĀöćąÿöĔîกćø

ÿกĆéēðøêĊîǰÿćöćøëÿøčðกćøüĉđคøćąĀŤĀćðøĉöćèขĂงēðøêĊîéšü÷üĉíĊǰBradford assayǰéĆงêćøćงìĊęǰ4.2 
ตćøćงทĊęǰ4.2ǰĒÿéงðøĉöćèขĂงēðøêĊîìĊęìéÿĂïéšü÷üĉíĊǰBradford assay  
 
 
 
 
 
 
 
 
 
 

ĂčèĀõĎöĉ 
(ÑC) 

đüúćǰ(min) ĂĆêøćÿŠüîøąĀüŠćงกćก

đöúĘéöąøčöกĆïîĚĞć 
(%w/v) 

ðøĉöćèēðøêĊî

(µg/ml) 

105 

30 

5 38.90 

10 NA 

20 195.13 

60 

5 1582.62 

10 151.46 

20 179.32 
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110 

30 

5 658.50 

10 đกĉîคŠćÿĂïđìĊ÷ï 

20 1290.31 

60 

5 1467.23 

10 1584.15 

20 đกĉîคŠćÿĂïđìĊ÷ï 

120 

30 

5 1533.39 

10 77.10 

20 đกĉîคŠćÿĂïđìĊ÷ï 

60 

5 1114.92 

10 197.10 

20 đกĉîคŠćÿĂïđìĊ÷ï 
จćกêćøćงìĊęǰ4.2ǰóïüŠćìĊęĂčèĀõĎöĉǰ110ǰĂงýćđซúđซĊ÷ÿǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćđìŠćกĆïǰ

10ǰ%w/v ĒúąĔชšđüúćĔîกćøÿกĆéǰ60ǰîćìĊǰöĊðøĉöćèขĂงēðøêĊîìĊęúąúć÷îĚĞćĕéšöćกìĊęÿčéซċęงöĊคŠćĂ÷ĎŠìĊęǰ1584.15ǰ

ĕöēคøกøĆöǰêŠĂêĆüĂ÷ŠćงìĊęĔชšĔîกćøüĉđคøćąĀŤǰ1ǰöĉúúĉúĉêøǰǰĒúąìĊęĂčèĀõĎöĉǰ105ǰĂงýćđซúđซĊ÷ÿǰĂĆêøćÿŠüîøąĀüŠćง

กćกđöúĘéöąøčöกĆïîĚĞćđìŠćกĆïǰ5ǰ%w/v ĒúąđüúćĔîกćøÿกĆéǰ60ǰîćìĊǰซċęงöĊðøĉöćèēðøêĊîìĊęúąúć÷îĚĞćĕéšöć

กøĂงúงöćđðŨîĂĆîéĆïÿĂงǰēé÷ðøĉöćèēðøêĊîìĊęúąúć÷îĚĞćĕéšĂ÷ĎŠìĊęǰ1582.62ǰĕöēคøกøĆöêŠĂöĉúúĉúĉêøǰĒúąóïüŠćìĊę

ĂčèĀõĎöĉǰ105ǰĂงýćđซúđซĊ÷ÿǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćđìŠćกĆïǰ10ǰ%w/v ĔชšđüúćĔîกćøÿกĆéǰ30ǰ
îćìĊîĆĚîĕöŠÿćöćøëêøüจÿĂïðøĉöćèēðøêĊîĕéšđîČęĂงจćกöĊðøĉöćèîšĂ÷กüŠćÿćøöćêøฐćîìĊęĔชšĔîกćø

đðøĊ÷ïđìĊ÷ïĂ÷ĎŠöćกǰîĂกจćกîĊĚĔîÿŠüîขĂงคŠćìĊęĒÿéงüŠćǰĶđกĉîคŠćÿĂïđìĊ÷ïķǰîĆĚîĒÿéงëċงðøĉöćèēðøêĊîìĊę

úąúć÷îĚĞćĕéšขĂงÿćøêĆüĂ÷ŠćงìĊęöĊคŠćöćกกüŠćคŠćÿĎงÿčéขĂงǰStandard protein (BSA) ซċęงüĆéĕéšจćกกćøéĎéกúČî
ĒÿงขĂงÿćøêĆüĂ÷ŠćงìĊęคüćö÷ćüคúČęîǰ595ǰîćēîđöêøđðøĊ÷ïđìĊ÷ïกĆïกøćôöćêøฐćîǰ Standard protein 
(BSA)  

จćกñúกćøìéúĂงóïüŠćđöČęĂđóĉęöđüúćĔîกćøÿกĆéจćกǰ30ǰîćìĊđðŨîǰ60ǰîćìĊìĊęĂčèĀõĎöĉǰ120ǰĂงýć

đซúđซĊ÷ÿǰĔîĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰ5%w/v ēðøêĊîìĊęúąúć÷îĚĞćĕéšöĊðøĉöćèúéúงจćกǰ

1533.39ǰĕöēคøกøĆöêŠĂöĉúúĉúĉêøđðŨîǰ1114.92ǰĕöēคøกøĆöêŠĂöĉúúĉúĉêøǰđîČęĂงจćกøą÷ąđüúćĔîกćøÿกĆéîćîǰ

(öćกกüŠćǰ30ǰîćìĊ)ǰÿĆöóĆîíŤกĆïกćøêกêąกĂîขĂงēðøêĊîขîćéđúĘกïćงēöđúกčúǰèǰจčéĕĂēซĂĉđúĘกìøĉคǰ[12] 
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(isoelectric point) ซċęงĀöć÷ëċงēðøêĊîìĊęúąúć÷ĔîîĚĞćจąúéîšĂ÷úงǰĒêŠìĊęĂčèĀõĎöĉǰ110ǰĂงýćđซúđซĊ÷ÿǰ

ĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰ5%w/v ēðøêĊîìĊęúąúć÷îĚĞćĕéšöĊðøĉöćèđóĉęöขċĚîจćกǰ658.50ǰ

ĕöēคøกøĆöêŠĂöĉúúĉêøđðŨîǰ1467.23ǰĕöēคøกøĆöêŠĂöĉúúĉúĉêøǰĒÿéงĔĀšđĀĘîüŠćìĊęĂčèĀõĎöĉǰ110ǰĂงýćđซúđซĊ÷ÿîĊĚ÷Ćง

ÿćöćøëÿกĆéēðøêĊîìĊęúąúć÷îĚĞćĕéšĂ÷ĎŠēé÷øą÷ąđüúćìĊęĔชšĔîกćøÿกĆéđìŠćกĆïǰ30Ēúą60ǰîćìĊêćöúĞćéĆïǰĒêŠđöČęĂ

đóĉęöĂčèĀõĎöĉจćกǰ110ǰĂงýćđซúđซĊ÷ÿǰĕðđðŨîǰ120ǰĂงýćđซúđซĊ÷ÿǰēé÷ìĊęĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆï

îĚĞćǰ5%w/v ĒúąđüúćìĊęĔชšĔîกćøÿกĆéǰ60ǰîćìĊǰðøĉöćèēðøêĊîìĊęúąúć÷îĚĞćĕéšîĆĚîúéúงǰĒÿéงĔĀšđĀĘîüŠćìĊę

ĂčèĀõĎöĉǰ120ǰĂงýćđซúđซĊ÷ÿǰìĞćĔĀšกćøÿกĆéēðøêĊîìĊęúąúć÷îĚĞćĕéšëċงจčéĕĂēซĂĉđúĘกìøĉคǰđöČęĂüĆéðøĉöćèēðøêĊîìĊę

úąúć÷îĚĞćĕéšจċงóïüŠćðøĉöćèîĆĚîúéúงǰซċęงñúìĊęĕéšÿĂéคúšĂงกĆïกćøđóĉęöøą÷ąđüúćĔîกćøÿกĆéìĊęǰ120ǰĂงýć

đซúđซĊ÷ÿĒúąĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰ5%w/v éĆงกúŠćüขšćงêšî 
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บททĊęǰ5 
ÿøčปผúกćøทดúĂงĒúąขšĂđÿนĂĒนą 

 จćกกćøýċกþćñúขĂงĂčèĀõĎöĉǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćǰĒúąđüúćìĊęđĀöćąÿöĔîกćø

ÿกĆéēðøêĊîǰÿćöćøëÿøčðñúĕéšéĆงîĊĚ 
5.1 ÿøčปผúกćøทดúĂง 

5.1.1. ĔîกćøüĉđคøćąĀŤĀćขîćéēðøêĊîǰóïüŠćìĊęĂčèĀõĎöĉǰ110 ĂงýćđซúđซĊ÷ÿǰĂĆêøćÿŠüîøąĀüŠćงกćก
đöúĘéöąøčöกĆïîĚĞćđìŠćกĆïǰ10%w/v ĒúąđüúćìĊęĔชšĔîกćøÿกĆéđìŠćกĆïǰ30 îćìĊǰđĀöćąÿöĔîกćøÿกĆéĀćขîćé
ēðøêĊîöćกìĊęÿčéǰ 

5.1.2. ขîćéēöđúกčúขĂงēðøêĊîìĊęÿกĆéĕéšĂ÷ĎŠìĊęชŠüงǰ11 ëċงǰ17 kDa 
5.1.3. ĔîกćøüĉđคøćąĀŤĀćðøĉöćèēðøêĊîǰóïüŠćñúกćøìéúĂงìĊęĕéšĕöŠđĀĘîĒîüēîšöìĊęชĆéđจîǰĒêŠóĂÿøčð

ĕéšüŠćìĊęĂčèĀõĎöĉǰ110 ĂงýćđซúđซĊ÷ÿǰĂĆêøćÿŠüîøąĀüŠćงกćกđöúĘéöąøčöกĆïîĚĞćđìŠćกĆïǰ10%w/v ĒúąđüúćìĊęĔชšĔî
กćøÿกĆéđìŠćกĆïǰ60 îćìĊǰđĀöćąÿöĔîกćøÿกĆéĀćðøĉöćèēðøêĊîöćกìĊęÿčéǰ 
5.2 ขšĂđÿนĂĒนą 

5.2.1. คüøüĉđคøćąĀŤēðøêĊîéšü÷üĉíĊǰKjeldahl øŠüöéšü÷ǰđóČęĂคüćöĒöŠî÷ĞćĔîกćøüĉđคøćąĀŤ 
ĀćðøĉöćèēðøêĊîìĊęöĊĂ÷ĎŠĔîÿćøêĆüĂ÷Šćง 
5.3 ขšĂจĞćกĆด 
ǰǰǰǰǰǰǰǰǰǰǰđîČęĂงจćกÿëćîēคüĉé-19 (Covid-19) จċงìĞćĔĀšĕöŠÿćöćøëüĉđคøćąĀŤĀćðøĉöćèēðøêĊîéšü÷üĉíĊǰKjeldahl
จċงìĞćĔĀšñúกćøìéúĂงìĊęĕéšĂćจöĊĒîüēîšöĕöŠชĆéđจî 
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õćคผนüกǰก 
กćøđตøĊ÷öÿćøúąúć÷ĔนกćøüĉđคøćąĀŤēปøตĊนดšü÷üĉธĊǰSDS-PAGE 

ก.1. Glycine-buffer 1 L 
- Tris      3.028 g 
- Glycine     14.413 g 
- SDS      1.000 g 

ก.2. 10% APS (Total 300 µl for 4 gels) 
- 10% APS     0.03 g 
- Distilled water    300 µl 

ก.3. 15% Separating gel for 4 gels (Thick layer) 
- 30% Acrylamide ı 0.8% Bisacrylamide 10 ml 
- 1.5 M Tris-HCL, pH 8.8   5  ml 
- Distilled water    4.6 ml 
- 10% SDS     200  µl 
- 10% APS     200 µl 
- TEMED     16 µl 

ก.4. 5% Stacking gel (Thin layer) 
- 30% Acylamide ı 0.8% Bisacrylamide 1.7 ml 
- 1.5 M Tris-HCL, pH 8.8   1.25 ml 

 - Distilled water    6.8 ml 
 - 10% SDS     100  µl    
 - 10% APS     100 µl 
 - TEMED     20 µl 
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õćคผนüกǰข 
กćøüĉđคøćąĀŤĀćปøĉöćณขĂงēปøตĊนดšü÷üĉธĊǰBradford assay 

 ĔîกćøüĉđคøćąĀŤĀćðøĉöćèขĂงēðøêĊîĔîÿćøêĆüĂ÷ŠćงîĆĚîĕéšìĞćกćøđðøĊ÷ïđìĊ÷ïคŠćกćøéĎéกúČîĒÿงขĂง

ÿćøêĆüĂ÷ŠćงĒúąÿćøöćêøฐćîǰ(BSA)ǰìĊęคüćö÷ćüคúČęîǰ595 îćēîđöêøǰจćกîĆĚîจċงîĞćคŠćกćøéĎéกúČîĒÿงìĊęĕéš
จćกกćøüĉđคøćąĀŤöćĒìîúงĔîÿöกćøขĂงกøćôöćêøฐćîǰđóČęĂคĞćîüèĀćðøĉöćèขĂงēðøêĊîêŠĂĕðǰ 
 
 

 
 
 
 
 
 

 
 

øĎปทĊęǰข.1 กøćôöćêøฐćîขĂงǰStandard protein (BSA) 
จćกกøćôöćêøฐćîđöČęĂîĞćöćÿøšćงÿöกćøđÿšîêøงจąĕéšüŠćǰy = 0.0039x + 0.0891 

ēé÷ǰy = คŠćกćøéĎéกúČîĒÿงขĂงÿćøìĊęคüćö÷ćüคúČęîǰ595 îćēîđöêø 
      x = คüćöđขšöขšîขĂงÿćøǰ(µg/ml) 

 
 
 
 
 
 

y = 0.0039x + 0.0891
R² = 0.9529
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(ก)       (ข) 
 

(ค)        (ง) 
øĎปทĊę ข.2 กćøüĉđคøćąĀŤēðøêĊîéšü÷üĉíĊǰBradford assay (ก) ëćéìĊęǰ1 (ข) ëćéìĊęǰ2 (ค) ëćéìĊęǰ3 (ง) ëćéìĊęǰ4 
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ตćøćงทĊęǰข.1 ĒÿéงÿćøêĆüĂ÷ŠćงìĊęüĉđคøćąĀŤĀćðøĉöćèēðøêĊîéšü÷üĉíĊǰBradford assay ĔîëćéìĊęǰ1 

 Āöć÷đĀêč:ǰÿćøêĆüĂ÷ŠćงĒêŠúąêĆüìĞćกćøìéúĂงǰ3 ซĚĞć  

 1 2 3 4 5 6 7 8 9 10 11 12 
A             

B  
BSA 0 
µg/ml 

BSA 20 
µg/ml 

BSA 40 
µg/ml 

BSA 80 
µg/ml 

BSA 60 
µg/ml 

BSA 100 
µg/ml 

Bradford 
reagent 

 
Bradford 
reagent 

 
 
 

Bradford 
reagent 

 
 
 

  

C    

D    

E  105C/5%/ 
30min 

1/3 µg/ml 

105C/5%/ 
30min 

1/9 µg/ml 

105C/5%/ 
30min 

1/18µg/ml 

Bradford 
reagent 

 

105C/10%/ 
30min 

1/3 µg/ml 

105C/10%/ 
30min 

1/9 µg/ml 

105C/10%/ 
30min 

1/18 µg/ml 

  

F    

G    

H             
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ตćøćงทĊęǰข.2 ĒÿéงÿćøêĆüĂ÷ŠćงìĊęüĉđคøćąĀŤĀćðøĉöćèēðøêĊîéšü÷üĉíĊǰBradford assay ĔîëćéìĊęǰ2 

Āöć÷đĀêč:ǰÿćøêĆüĂ÷ŠćงĒêŠúąêĆüìĞćกćøìéúĂงǰ3 ซĚĞć 

 
 
 
 
 
 
 
 
 
 

 1 2 3 4 5 6 7 8 9 10 11 12 
A             

B  105C/20%/ 
30min 

1/3 µg/ml 

105C/20%/ 
30min 

1/9 µg/ml 

105C/20%/ 
30min 

1/18 µg/ml 

110C/5%/ 
30min 

1/3 µg/ml 

110C/5%/ 
30min 

1/9 µg/ml 

110C/5%/ 
30min 

1/18 µg/ml 

110C/10%/ 
30min 

1/3 µg/ml 

110C/10%/ 
30min 

1/9 µg/ml 

110C/10%/ 
30min 

1/18 µg/ml 

  

C    

D    

E  110C/20%/ 
30min 

1/3 µg/ml 

110C/20%/ 
30min 

1/9 µg/ml 

110C/20%/ 
30min 

1/18 µg/ml 

120C/5%/ 
30min 

1/3 µg/ml 

120C/5%/ 
30min 

1/9 µg/ml 

120C/5%/ 
30min 

1/18 µg/ml 

120C/10%/ 
30min 

1/3 µg/ml 

120C/10%/ 
30min 

1/9 µg/ml 

120C/10%/ 
30min 

1/18 µg/ml 

  

F    

G    

H             
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ตćøćงทĊęǰข.3 ĒÿéงÿćøêĆüĂ÷ŠćงìĊęüĉđคøćąĀŤĀćðøĉöćèēðøêĊîéšü÷üĉíĊǰBradford assay ĔîëćéìĊęǰ3 

Āöć÷đĀêč:ǰÿćøêĆüĂ÷ŠćงĒêŠúąêĆüìĞćกćøìéúĂงǰ3 ซĚĞć 
 
 
 
 
 
 
 
 
 

 1 2 3 4 5 6 7 8 9 10 11 12 
A             

B  120C/20%/ 
30min 

1/3 µg/ml 

120C/20%/ 
30min 

1/9 µg/ml 

120C/20%/ 
30min 

1/18 µg/ml 

105C/5%/ 
60min 

1/3 µg/ml 

105C/5%/ 
60min 

1/9 µg/ml 

105C/5%/ 
60min 

1/18 µg/ml 

105C/10%/ 
60min 

1/3 µg/ml 

105C/10%/ 
60min 

1/9 µg/ml 

105C/10%/ 
60min 

1/18 µg/ml 

  

C    

D    

E  105C/20%/ 
60min 

1/3 µg/ml 

105C/20%/ 
60min 

1/9 µg/ml 

105C/20%/ 
60min 

1/18 µg/ml 

110C/5%/ 
60min 

1/3 µg/ml 

110C/5%/ 
60min 

1/9 µg/ml 

110C/5%/ 
60min 

1/18 µg/ml 

110C/10%/ 
60min 

1/3 µg/ml 

110C/10%/ 
60min 

1/9 µg/ml 

110C/10%/ 
60min 

1/18 µg/ml 

  

F    

G    

H             
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ตćøćงทĊęǰข.4 ĒÿéงÿćøêĆüĂ÷ŠćงìĊęüĉđคøćąĀŤĀćðøĉöćèēðøêĊîéšü÷üĉíĊǰBradford assay ĔîëćéìĊęǰ4 

Āöć÷đĀêč:ǰÿćøêĆüĂ÷ŠćงĒêŠúąêĆüìĞćกćøìéúĂงǰ3 ซšć 

 1 2 3 4 5 6 7 8 9 10 11 12 
A             

B  110C/20%/ 
60min 

1/3 µg/ml 

110C/20%/ 
60min 

1/9 µg/ml 

110C/20%/ 
60min 

1/18 µg/ml Bradford 
reagent 

120C/5%/ 
60min 

1/3 µg/ml 

120C/5%/ 
60min 

1/9 µg/ml 

120C/5%/ 
60min 

1/18 µg/ml 

    

C      

D      

E  120C/10%/ 
60min 

1/3 µg/ml 

120C/10%/ 
60min 

1/9 µg/ml 

120C/10%/ 
60min 

1/18 µg/ml 

120C/20%/ 
60min 

1/3 µg/ml 

120C/20%/ 
60min 

1/9 µg/ml 

120C/20%/ 
60min 

1/18 µg/ml 

    

F      

G      

H             
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