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Abstract 

Coffee is one of the most popular beverages in the world. The solvent extraction by Soxhlet 
apparatus produces the high oil yield but the roasted coffee oil was contaminated by a trace amount of 
solvent after extraction. Because of these problems, this research aims to use the supercritical carbon 
dioxide (SCCO2) to extract the roasted coffee oil. The SCCO2 can substitute to organic solvents because it 
is non-toxicity and easy to removal from the extracts. The aim of this research was to measure the oil 
yield of SCCO2 extraction from roasted coffee.  The composition of the roasted coffee oil extracted by 
SCCO2 is measured as well. The extraction conditions are pressure of 200 and 300 bar, and temperature 
from 40 to 60 ◦C. The results show that the maximum yield of SCCO2 extraction was 8.11 % at 
temperature of 60 ◦C and pressure of 300 bar. By comparison Soxhlet extraction, the yield from SCCO2 
was slightly lower than that from Soxhlet extraction. The oil composition is determined by gas 
chromatography/mass spectroscopy and the main composition is steroid which can be found in general 
seed. 
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บททĊęǰ1 

บทนĞć 

1.1 คüćöđปŨนöćĒúąöĎúđĀตčจĎงĔจ 
กćĒôđðŨîĕöš÷ČîêšîìĊęöĊคüćöÿĞćคĆญìćงđýøþฐกĉจขĂงēúกĒúąđðŨîÿĉîคšćÿŠงĂĂกìĊęÿĞćคĆญขĂงðøąđìýêŠćงǰėǰöćกกüŠćǰ

50ǰðøąđìýǰđóøćąกćĒôđðŨîđคøČęĂงéČęöìĊęìčกคîøĎšจĆกกĆîđðŨîĂ÷ŠćงéĊĒúąđðŨîđคøČęĂงéČęöìĊęđกĊę÷üขšĂงกĆïชĊüĉêðøąจĞćüĆîǰǰǰĔî
đöúĘéกćĒôöĊÿćøชîĉéĀîċęงđøĊ÷กüŠćǰǰคćđôĂĊîǰ(Caffeine) ซċęงđðŨîÿćøกøąêčšîðøąÿćììĞćĔĀšđกĉéคüćöกøąðøĊĚกøąđðøŠćǰ

êČęîêĆüǰĕöŠงŠüงîĂîǰìĞćĔĀšÿöĂงðúĂéēðøŠงǰñúñúĉêกćĒôขĂงĕì÷ÿŠüîĔĀญŠđðŨîกćĒôēøïĆÿêšćöćกกüŠćøšĂ÷úąǰ99ǰöĊĒĀúŠง
ñúĉêìĊęÿĞćคĆญĂ÷ĎŠĔîđขêõćคĔêšǰǰðøąกĂïéšü÷ǰจĆงĀüĆéชčöóøǰøąîĂงǰǰǰÿčøćþฎøŤíćîĊǰกøąïĊęǰĒúąจĆงĀüĆéóĆงงćǰÿćöćøëñúĉê

กćĒôēøïĆÿêšćĕéšǰðøąöćèǰ40,000ǰêĆîǰǰǰēé÷ÿŠงĂĂกÿĎŠêúćéêŠćงðøąđìýøšĂ÷úąǰ70ǰÿŠüîìĊęđĀúČĂĂĊกøšĂ÷úąǰ30ǰëĎกĔชš
ïøĉēõคõć÷Ĕîðøąđìýǰ[1] 

ēé÷ìĆęüĕðđöúĘéกćĒôคĆęüìĊęïøøจčĔîïøøจčõĆèæŤìĊęđĀöćąÿöจąöĊĂć÷čกćøĔชšงćîĂ÷ĎŠìĊęǰ1-3ǰđéČĂîǰกćĒôìĊęคĆęüđÿøĘจĔĀöŠĕöŠ
đĀöćąìĊęจąîĞćöćชงéČęöēé÷ìĆîìĊǰđîČęĂงจćกüŠćกćĒôคĆęüĔĀöŠจąöĊกŢćซคćøŤïĂîĕéĂĂกĕซéŤìĊęđกĉéขċĚîöćจćกกćøคĆęüöćกǰซċę งจą

ëĎกÿกĆéĂĂกöćกĆïîĚĞćกćĒôǰìĞćĔĀšđกĉéøÿขöòćéǰéšü÷đĀêčñúขšćงêšîǰđöúĘéกćĒôìĊęñŠćîกćøคĆęüĒúšüจĞćđðŨîêšĂงĔĀšđกĉé

กøąïüîกćøคć÷ĒกŢÿǰ(Degas) กŠĂîîĞćĕðïøĉēõคđüúćðøąöćèǰ5-7ǰüĆîĀúĆงจćกîĆĚîจąĕéšกćĒôìĊęöĊกúĉęîĒúąøÿéĊ÷ĉęงขċĚîǰ
Ă÷ŠćงĕøกĘêćöคčèõćóขĂงđöúĘéกćĒôจąđÿČęĂöúงĂ÷ŠćงชšćėĒúąจąúéúงĕðêćöüĉíĊกćøđกĘïøĆกþćĒúąÿĉęงĒüéúšĂö 

ðŦจจĆ÷ìĊęÿŠงñúêŠĂคčèõćóขĂงđöúĘéกćĒôคĆęü 
1. ĂćกćýǰđîČęĂงจćกĔîđöúĘéกćĒôคĆęüöĊîĚĞćöĆîĂ÷ĎŠĔîđöúĘéǰđöČęĂÿĆöñĆÿกĆïĂĂกซĉđจîĔîĂćกćýđðŨîđüúćîćîėǰจą

đกĉéðฏĉกĉøĉ÷ćĂĂกซĉđéชĆîǰ(Oxidation) ìĞćĔĀšöĊøÿชćêĉĒúąกúĉęîđðúĊę÷îĕðǰ 
2. คüćöชČĚîǰđîČęĂงจćกđöúĘéกćĒôöĊÿöïĆêĉìĊęÿćöćøëéĎéคüćöชČĚîĕéšǰđöČęĂîĞćđöúĘéกćĒôคĆęüöćĂ÷ĎŠĔîìĊęđðŘ÷กชČĚîǰจąìĞćĔĀš

øÿชćêĉǰĒúąǰกúĉęîđðúĊę÷îĒðúงĕð 
3. คüćöøšĂîǰđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćìĞćĔĀšกćĒôคć÷ĒกŢÿǰ(Degas) đøĘüขċĚîǰซċęงจąöĊñúĔĀšกćĒôđกŠćđøĘüขċĚî [2] 
đìคîĉคกćøÿกĆéēé÷ĔชšคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰคČĂǰกćøĔชšคćøŤïĂîĕéĂĂกĕซéŤìĊęĂ÷ĎŠĔîõćüąìĊęĕöŠÿćöćøë

จĞćĒîกĕéšüŠćĂ÷ĎŠĔîÿëćîąìĊęđðŨîĒกŢÿĀøČĂขĂงđĀúüǰēé÷ĔชšìĊęคüćöéĆîĒúąĂčèĀõĎöĉÿĎงกüŠćจčéüĉกùêขĂงคćøŤïĂîĕéĂĂกĕซéŤ

คČĂǰคüćöéĆîöćกกüŠćǰ73.9ǰđìŠćขĂงคüćöéĆîïøø÷ćกćýǰĒúąǰĂčèĀõĎöĉÿĎงกüŠćǰ31°C ìĊęõćüąîĊĚคćøŤïĂîĕéĂĂกĕซéŤจąìĞć
ĀîšćìĊęđðŨîêĆüìĞćúąúć÷ǰēé÷õć÷ĀúĆงกćøÿกĆéคćøŤïĂîĕéĂĂกĕซéŤจąëĎกúéคüćöéĆîìĞćĔĀšคćøŤïĂîĕéĂĂกĕซéŤđðúĊę÷î

ÿëćîąจćกขĂงĕĀúõćüąđĀîČĂüĉกùêđðŨîĒกŢÿǰซċęงจąìĞćĔĀšÿćøìĊęëĎกÿกĆéĕéšĕöŠđกĉéกćøðîđðŚŪĂîǰĒúąöĊคüćöïøĉÿčìíĉĝÿĎงǰ÷ĉęงĕð

กüŠćîĆĚîกćøĔชšĂčèĀõĎöĉêęĞćìĊęĂčèĀõĎöĉđĀöćąÿöðøąöćèǰ40 °C จąìĞćĔĀšÿćøąÿĞćคĆญ÷ĆงคงÿõćóĂ÷ĎŠĒúąĕöŠëĎกìĞćúć÷ǰÿćøìĊę
ÿกĆéĕéšöĊคüćöĔกúšđคĊ÷งกĆïĂงคŤðøąกĂïìĊęöĊĂ÷ĎŠĔîíøøöชćêĉǰéĆงîĆĚîกćøÿกĆéēé÷ĔชšคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰจċง

îĆïüŠćđðŨîüĉíĊĀîċęงìĊęđĀöćąกĆïกćøÿกĆéìĊęĔĀšÿćøÿกĆéจćกíøøöชćêĉöćกìĊęÿčéǰ [3] 
งćîüĉจĆ÷îĊĚÿîĔจìĊęจąýċกþćกćøÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüĔĀöŠéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêēé÷จąìĞć

กćøìéúĂงìĊęĂčèĀõĎöĉชŠüงǰ40-60°C ĒúąคüćöéĆîชŠüงǰ200-300 ïćøŤǰđóČęĂĀćõćüąìĊęđĀöćąÿöĔîกćøÿกĆéǰĒúąýċกþć
ĂงคŤðøąกĂïขĂงÿćøÿกĆééšü÷đคøČęĂงǰGC ĒúąǰGC-MS îĚĞćöĆîđöúĘéกćĒôÿćöćøëîĞćĕðĔชšđðŨîÿćøĒêŠงกúĉęîĔî

ĂčêÿćĀกøøöĂćĀćøĀøČĂÿčคîíïĞćïĆéǰ(Aromatherapy) [4] 
1.2 üĆตถčปøąÿงคŤงćนüĉจĆ÷ 

đóČęĂýċกþćĒúąĀćõćüąìĊęđĀöćąÿöĔîกćøÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 
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1.3 ขĂบđขตงćนüĉจĆ÷ 
ìéúĂงÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüǰēé÷đðøĊ÷ïđìĊ÷ïøšĂ÷úąñúĕéšĒúąĂงคŤðøąกĂïĔîîĚĞćöĆîจćกกćøÿกĆééšü÷

คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰĒúąĀćõćüąìĊęđĀöćąÿöĔîกćøÿกĆéđöúĘéกćĒôคĆęüéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüą

đĀîČĂüĉกùê 
1.4 ปøąē÷ชนŤทĊęคćดüŠćจąĕดšøĆบ 

จćกกćøýċกþćคšîคüšćขšĂöĎúǰìùþฎĊĒúąงćîüĉจĆ÷êŠćงėìĊęđกĊę÷üขšĂงกĆïงćîüĉจĆ÷ǰĂĊกìĆĚงจćกกćøìĞćกćøìéúĂงìĞćĔĀšìøćï

ëċงõćüąìĊęđĀöćąÿöìĊęจąÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêđóČęĂîĞćĕðóĆçîćêŠĂ÷ĂéĔî

งćîüĉจĆ÷ĂČęîėêŠĂĕð 
đöČęĂìøćïëċงõćüąìĊęđĀöćąÿöìĊęจąÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêĒúšüǰ

ÿćöćøëîĞćõćüąđĀúŠćîĊĚĕðÿกĆéđóČęĂîĞćñúĉêõĆèæŤìĊęĕéšĕðêŠĂ÷ĂéñúĉêđðŨîñúĉêõĆèæŤจćกíøøöชćêĉìĊęöĊðøąē÷ชîŤǰĂĊกìĆĚง÷ĆงîĞć

ìøĆó÷ćกøìĊęöĊĂ÷ĎŠöćĔชšĔĀšđกĉéðøąē÷ชîŤĒúąìøงคčèคŠćöćกìĊęÿčééšü÷ 
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บททĊęǰ2 
ทùþฎĊĒúąงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 

2.1 กćĒô 
กćĒôǰđðŨîđคøČęĂงéČęöìĊęìĞćöćจćกđöúĘéìĊęĕéšจćกêšîกćĒôǰĀøČĂđøĊ÷กüŠćǰđöúĘéกćĒôคĆęüǰðŦจจčïĆîöĊกćøðúĎกกćĒôöćกกüŠćǰ

70ǰðøąđìýìĆęüēúกǰกćĒôđขĊ÷üǰซċęงđðŨîกćĒôìĊęĕöŠñŠćîกćøคĆęüกĘđðŨîĂĊกĀîċęงÿĉîคšćìćงกćøđกþêøìĊęöĊกćøซČĚĂขć÷กĆîöćกìĊęÿčé
ĔîēúกǰĒúąĔîðŦจจčïĆîกćĒôĕéšกúć÷đðŨîđคøČęĂงéČęöìĊęĕéšøĆïคüćöîĉ÷ööćกìĊęÿčééšü÷ 

ÿĞćĀøĆïÿć÷óĆîíčŤกćĒôìĊęîĉ÷öðúĎกกĆîìĆęüĕðจąöĊĂ÷ĎŠéšü÷กĆîǰ2ǰÿć÷óĆîíčŤǰĕéšĒกŠǰกćĒôĂćøćïĉกšćǰ(Coffee arabica) Ēúąǰ
กćĒôēøïĆÿêšćǰ(Coffee canephora) đîČęĂงจćกกćĒôēøïĆÿêšćöĊøÿชćêĉìĊęขöกüŠćĒúąĔĀšøÿชćêĉĕéšîšĂ÷กüŠćกćĒôĂćøćïĉกšćǰ
กćĒôĂćøćïĉกšćจċงđðŨîกćĒôìĊęĕéšøĆïคüćöîĉ÷öĔîกćøéČęööćกกüŠćĒúąđóćąðúĎกกĆîđðŨîจĞćîüîöćกกüŠćǰ3ǰĔîǰ4ǰขĂงēúก 

îĂกđĀîČĂจćกกćĒôÿĂงÿć÷óĆîíčŤĀúĆกĒúšüกĘ÷ĆงöĊกćĒôóĆîíčŤǰCoffea liberica ĒúąǰCoffea esliaca ĂĊกéšü÷ǰēé÷ìĊę
đชČęĂüŠćđðŨîóČชìšĂงëĉęîขĂงðøąđìýĕúïĊđøĊ÷ĒúąìćงêĂîĔêšขĂงðøąđìýซĎéćîêćöúĞćéĆï 

กćĒôĂćøćïĉกšć 
กćĒôĂćøćïĉกšćǰชČęĂÿćöĆญǰArabian coffee, Coffee, Kofi, Koffie, Brazillian coffee 
กćĒôĂćøćïĉกšćǰชČęĂüĉì÷ćýćÿêøŤǰCoffea arabica L. จĆéĂ÷ĎŠĔîüงýŤđขĘöǰ(RUBIACEAE) 
จčéđéŠîขĂงกćĒôĂćøćïĉกšćǰđðŨîกćĒôìĊęöĊคčèõćóÿĎงǰöĊกúĉęîĀĂöĒúąÿćøกćĒôÿĎงǰðøĉöćèคćđôĂĊîêęĞćǰđöČęĂéČęöĒúšüจą

ìĞćĔĀšøĎšÿċกëċงคüćöกøąðøĊĚกøąđðøŠćǰöĊชĊüĉêชĊüćǰĔîðøąđìýĕì÷öĊกćøðúĎกกćĒôชîĉéîĊĚกĆîöćกìćงõćคđĀîČĂïîéĂ÷ÿĎง 
กćĒôēøïĆÿêšć 
กćĒôēøïĆÿêšćǰชČęĂÿćöĆญǰRobusta coffee 
กćĒôēøïĆÿêšćǰชČęĂüĉì÷ćýćÿêøŤǰCoffea canephora Pierre ex A.Froehner (ชČęĂóšĂงüĉì÷ćýćÿêøŤǰCoffea 

robusta L.Linden) 
จčéđéŠîขĂงกćĒôēøïĆÿêšćǰēé÷ÿŠüîĔĀญŠจąîĞćöćñúĉêđðŨîกćĒôÿĞćđøĘจøĎðǰĀøČĂîĞćöćñÿöกĆïกćĒôĂćøćïĉกšćïćงÿŠüîǰ

đóČęĂñúĉêđðŨîกćĒôคĆęüïéĔĀšöĊøÿชćêĉìĊęĒêกêŠćงĂĂกĕðǰÿĞćĀøĆïกćĒôēøïĆÿêšćǰđöČęĂéČęöĒúšüจąøĎšÿċกĕéšëċงคüćöîčŠöǰชčŠöคĂǰ

ðøĉöćèคćđôĂĊîÿĎงกüŠćกćĒôĂćøćïĉกšćđðŨîǰ2 đìŠćǰĔîðøąđìýĕì÷îĉ÷öđóćąðúĎกกĆîöćกìćงõćคĔêšïîóČĚîìĊęøćïǰđชŠîǰ
จĆงĀüĆéîคøýøĊíøøöøćชĒúąจĆงĀüĆéชčöóø [5] 

 

øĎปทĊęǰ2.1ǰđöúĘéกćĒôคĆęüÿć÷óĆîíčŤĂćøćïĉกšćĒúąēøïĆÿêšćǰ[6] 
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2.1.1 úĆกþณąทćงóùกþýćÿตøŤขĂงตšนกćĒô öĊéĆงîĊĚ 
2.1.1.1 øćก 

กćĒôöĊøćกĒกšüĒúąöĊøćกĒขîงĒêกĂĂกจćกøćกĒกšüǰðøąöćèǰ4 ëċงǰ8 øćกǰøćกĒขîงจąöĊøćกòĂ÷Ēúą
øćกòĂ÷จąöĊøćกĒêกĂĂกöćĂĊกđðŨîøćกÿĞćĀøĆïéĎéĂćĀćøǰǰøćกชîĉéîĊĚöĊจĞćîüîðøąöćèøšĂ÷úąǰ60 ëċงǰ80 ǰǰǰǰǰǰǰǰǰ
ĒñŠกøąจć÷ĔîøąéĆïñĉüéĉîúċกǰðøąöćèǰǰ20 đซîêĉđöêø 

 

øĎปทĊęǰ2.2ǰúĆกþèąขĂงøćกกćĒôǰ[7] 

2.1.1.2 úĞćตšนĒúąกĉęง 
úĞćêšîǰ(Main Stem) úĆกþèąđðŨîขšĂĒúąðúšĂงǰĔîขèąìĊęêšî÷ĆงöĊขîćéđúĘกจąđĀĘîĕéšชĆéǰēé÷ĔïจąĂ÷ĎŠêćö

ขšĂขĂงúĞćêšîǰđöČęĂêšîēêขċĚîĔïจąøŠüงĀúŠîĕðǰìĊęēคîĔïจąöĊêćïîĒúąêćúŠćงǰêćïîจąĒêกกĉęงĂĂกöćđðŨîกĉęงĒขîงìĊęǰ1ǰ

(Primary Branch) úĆกþèąđðŨîกĉęงîĂîขîćîกĆïóČĚîéĉîöĊขšĂĒúąðúšĂงǰĒêŠúąขšĂขĂงกĉęงĒขîงîĊĚจąöĊกúčŠöêćéĂกìĊęจą

êĉééĂกđðŨîñúêŠĂĕðǰÿŠüîêćúŠćงจąĒêกĂĂกđðŨîกĉęงêĆĚงǰ(Sucker) จąêĆĚงêøงขċĚîĕðđĀöČĂîúĞćêšîǰĕöŠêĉééĂกǰĒêŠÿćöćøë
ÿøšćงกĉęงĒขîงìĊęÿćöćøëĔĀšéĂกĕéšǰđøĊ÷กđðŨîกĉęงĒขîงìĊęǰ1ǰđชŠîกĆîǰกĉęงĒขîงìĊęǰ1ǰÿćöćøëĒêกกĉęงĒขîงêŠĂĕðĕéšĂĊกđðŨî

กĉęงĒขîงìĊęǰ2ǰĒúąกĉęงĒขîงìĊęǰ2ǰÿćöćøëĒêกđðŨîกĉęงĒขîงìĊęǰ3ǰĕéšĂĊกǰกĉęงĒขîงđĀúŠćîĊĚจąđกĉéĔîúĆกþèąđðŨîคĎŠÿúĆïđ÷ČĚĂง

กĆîïîúĞćêšîĀøČĂกĉęงêĆĚงǰđöČęĂöĊกćøêĆéúĞćêšîกćĒôǰêćúŠćงïîúĞćêšîจąĒêกกĉęงêĆĚงขċĚîöćǰกĉęงêĆĚงจąĒêกđðŨîกĉęงĒขîงìĊęǰ1ǰ

กĉęงìĊęǰ2ǰĒúąǰ3ǰจćกîĆĚîöĊกćøÿøšćงéĂกĒúąñúêŠĂĕð 

 

 

 

 

 

øĎปทĊęǰ2.3ǰúĆกþèąขĂงúĞćêšîĒúąกĉęงกćĒôǰ[7] 
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2.1.1.3 Ĕบ 
ĔïđéĊę÷üǰǰกšćîĔïÿĆĚîǰǰēคîĔïĒúąðúć÷ĔïđøĊ÷üĒĀúöǰêøงกúćงĔïกüšćงǰñĉüĔïđøĊ÷ïǰîčŠöđðŨîöĆîǰขĂïĔïĀ÷Ćก

đðŨîคúČęîǰขîćéขĂงĔïขċĚîกĆïÿć÷óĆîíčŤกćĒôǰĔïจąđกĉéìĊęขšĂđðŨîคĎŠêøงขšćöกĆîǰĒêŠúąĔïจąöĊÿŠüîðćกĔïĂ÷ĎŠéšćîìšĂงĔïǰ

ðøąöćèǰ3 úšćîëċงǰ6 úšćîøĎǰǰðćกĔïขĂงกćĒôēøïĆÿêšćöĊขîćéđúĘกกüŠćðćกĔïขĂงกćĒôĂćøćïĉกšćǰǰĒêŠöĊจĞćîüî
öćกกüŠćǰĂć÷čĔïðøąöćèǰ250 üĆî 

 

øĎปทĊęǰ2.4ǰúĆกþèąขĂงĔïกćĒôǰ[7] 

2.1.1.4 ชŠĂดĂกĒúąดĂก 
éĂกกćĒôจąöĊúĆกþèąđðŨîéĂกđéĊę÷üÿöïĎøèŤđóýǰöĊกúĊïéĂกǰจĞćîüîǰ4 ëċงǰ9 กúĊïǰกúĊïđúĊĚ÷งǰจĞćîüîǰ4 

ëċงǰ5 ĔïǰöĊđกÿøǰ5 ĂĆîǰøĆงĕขŠǰ2 ĀšĂงǰĒêŠúąĀšĂงขĂงøĆงĕขŠจąöĊĕขŠǰ1 ĔïǰñúกćĒôจċงöĊǰ2 đöúĘéǰéĂกจąĂĂกđðŨîกúčŠöėǰ
ïøĉđüèēคîĔïïîǰǰขšĂขĂงกĉęงĒขîงìĊęǰ1 ĒขîงìĊęǰ2 ĀøČĂǰ3 กúčŠöéĂกĒêŠúąขšĂöĊéĂกǰจĞćîüîǰ2 ëċงǰ20 éĂกǰขċĚîĂ÷ĎŠกĆï
คüćöĂčéöÿöïĎøèŤขĂงêšîêćǰǰéĂกจąĂĂกจćกกĉęงĒขîงจćกขšĂìĊęĂ÷ĎŠĔกúšúĞćêšîĂĂกĕðĀćðúć÷กĉęงĒขîงǰǰðกêĉจąĂĂก

éĂกêćöขšĂขĂงกĉęงǰขšĂìĊęĂĂกéĂกĒúšüðŘêŠĂĕðจąĕöŠĂĂกéĂกĒúąĔĀšñúĂĊก 

 

øĎปทĊęǰ2.5ǰúĆกþèąขĂงชŠĂéĂกĒúąéĂกกćĒôǰ[7] 

2.1.1.5 ผúĒúąđöúĘด 
ñúขĂงกćĒôöĊúĆกþèąคúšć÷úĎกĀüšćǰøĎðøĊǰกšćîñúÿĆĚîǰñúéĉïÿĊđขĊ÷üǰǰñúÿčกÿĊđĀúČĂงǰÿĊÿšöǰÿĊĒéงǰñúขĂง

กćĒôĒïŠงđðŨîǰ3ǰÿŠüîǰคČĂǰ1.ǰđðúČĂกǰ(Skin)  2.ǰđîČĚĂǰ(Pulp) öĊÿĊđĀúČĂงǰÿčกĒúšüจąöĊøÿĀüćîǰ3.ǰกąúćǰ(Parchment) 
จąĀŠĂĀčšöđöúĘéǰøąĀüŠćงđöúĘéกĆïกąúćจąöĊđ÷ČęĂïćงėǰĀčšöđöúĘéĂ÷ĎŠ ǰđøĊ÷กüŠćǰđ÷ČęĂĀčšöđöúĘéǰ(Silver Skin)  ñúกćĒôĒêŠ
úąñúจąöĊǰ2ǰđöúĘéðøąกïกĆîǰǰéšćîìĊęðøąกïกĆîĂ÷ĎŠǰéšćîĔîöĊúĆกþèąĒïîǰöĊøŠĂงïøĉđüèกúćงđöúĘéǰ1ǰøŠĂงǰǰÿŠüîéšćî

îĂกöĊúĆกþèąēคšงǰúĆกþèąđöúĘéจąđðŨîđéĊę÷üĀøČĂđöúĘéēìîǰ(Pea Bean, Pea Berry) ĔîïćงคøĆĚงกćøñÿöđกÿø
đกĉéขċĚîĂ÷ŠćงĕöŠÿöïĎøèŤǰจąìĞćĔĀšñúêĉéđöúĘéđóĊ÷งđöúĘéđéĊ÷üǰđöúĘéđóĊ÷งđöúĘéđéĊ÷üøĎðøŠćงกúöøĊìĆĚงđöúĘéǰēé÷öĊøŠĂง

ïøĉđüèกúćงđöĘéǰ1ǰøŠĂง 
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øĎปทĊęǰ2.6ǰúĆกþèąขĂงñúกćĒôÿéǰ(ซšć÷)ǰĒúąđöúĘéกćĒôคĆęüǰ(ขüć)ǰ[7] 

2.1.2 ÿöบĆตĉทćงกć÷õćóĒúąđคöĊ 
ĂงคŤðøąกĂïìćงđคöĊขĂงđöúĘéกćĒôöĊคćøŤēïĕăđéøêđðŨîĂงคŤðøąกĂïĀúĆกǰöĊðøĉöćèขĂงกøéĕขöĆîĕöŠ

ĂĉęöêĆüöćกกüŠćøšĂ÷úąǰ71 ĂงคŤðøąกĂïÿŠüîĔĀญŠขĂงđöúĘéกćĒôđðŨîđซúúĎēúÿǰéĆงêćøćงìĊęǰ2.2 
2.1.2.1 ĂงคŤปøąกĂบทćงđคöĊขĂงกćĒô 

ตćøćงทĊęǰ2.1ǰĂงคŤðøąกĂïìćงđคöĊขĂงđöúĘéกćĒôéĉïǰ(ēé÷îĚĞćĀîĆกĒĀšง) [8] 

class and components Percent of Green Coffee 
soluble insoluble 

1. Carbohydrates (60%)   
Reducing sugars 1.0 - 
Sucrose 7.0 - 
Pectin 2.0 - 
Starch - 10.0 
Pentosans - 5.0 
Hemi-celluloses - 15.0 
Holo-celluloses - 18.0 
Lignin - 2.0 

2. Oil - 13.0 
3. Proteins (N x 6.25) 9.0 4.0 
4. Ash as oxide 2.0 2.0 
5. Non-volatile acids   

Chlorogenic 6.8 - 
Oxalic 0.2 - 
Malic 0.3 - 
Citric 0.3 - 
Tartaric 0.4 - 

6. Trigonelline - 1.0 
7. Caffeine (Arabica 1.0%, Robusta 2.0%) - 1.0 

Total 29.0 71.0 
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ตćøćงทĊęǰ2.2 ĂงคŤðøąกĂïìćงđคöĊขĂงđöúĘéกćĒôคĆęüǰ(ēé÷îĚĞćĀîĆกĒĀšง) [8] 

class and components Percent 
soluble insoluble 

1. Carbohydrates (53%)   
Reducing sugars 1.0-2.0 - 
Caramelized sugars 10.0-17.0 7.0-0.0 
Hemi-celluloses(hydrolysable) 1.0 14.0 
Fiber (not hydrolysable) - 22.0 

2. Oil - 15.0 
3. Proteins (N x 6.25) 1.0-2.0 11.0 
4. Ash as oxide 3.0 1.0 
5. Non-volatile acids  - 

Chlorogenic 4.5 - 
Caffeic 0.5 - 
Quinic 0.5 - 
Oxalic, Maliic, Citric, Tartaric 1.0 - 
Volatile acids 0.35 - 

6. Trigonelline 1.0 - 
7. Caffeine (Arabica 1.0%, Robusta 2.0%) 1.2 - 
8. Phenolics (estimate) 2.0 - 
9. Volatiles  - 

Carbon dioxide trace 2.0 
Essence of aroma and flavor 0.04 - 

Total 27.0 to 35.0 65.0 to 73.0 
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ตćøćงทĊę 2.3 คčèÿöïĆêĉขĂงîĚĞćöĆîกćĒôǰ[9] 

Property 
îĚĞćöĆîกćกกćĒôéšü÷êĆüìĞć

úąúć÷ĒĂúกĂăĂúŤ 
îĚĞ ć öĆ î ก ć Ēôéš ü ÷ êĆ ü ìĞ ć

úąúć÷ĒĂúกĂăĂúŤêŠćงė 
îĚĞćöĆîจćกกćกกćĒôéšü÷êĆüìĞćúąúć÷ǰ

hexane Ēúąǰisopropanol 
Color Dark brown Dark brown Dark brown 
Moisture (%) - - 0.118 
HHV (MJkg-1) - - 40.8 
Density at 15 
oC (kg m-3) 

941 904.2 912 

Viscosity 40 
oC (mm2 s-1) 

49.64 33.92 39.8 

Acid value 
(mg KOH g-1) 

11.27 8.0 9.9 

Iodine value 
(g Iodine g-1) 

- - 0.476 

 

2.1.3 กćøนĞćĕปĔชš 
ðŦจจčïĆîöĊคüćöÿîĔจđóĉęöขċĚîìĊęจąñúĉêĕïēĂéĊđซúēé÷ĔชšîĚĞćöĆîìĊęđĀúČĂìĊęĕéšจćกกćกกćĒôđðŨîüĆêëčéĉï

đîČęĂงจćกđðŨîĒîüìćงðฏĉïĆêĉìĊę÷Ćęง÷ČîÿĞćĀøĆïกćøúéขĂงđÿĊ÷ǰĒúą÷ĆงđðŨîĒĀúŠงกøéĕขöĆîìĊęöĊêšîìčîêęĞćéšü÷ǰกćกกćĒô

ÿćöćøëĔชšĔîกćøñúĉêĕïēĂéĊđซúđîČęĂงจćกöĊðøĉöćèîĚĞćöĆîêĆĚงĒêŠǰ12%ǰëċงǰ18.3%ǰĒúąǰ÷ĆงöĊงćîüĉจĆ÷ĒÿéงëċงøšĂ÷úą

ขĂงîĚĞćöĆîจćกกćĒôìĊęëĎกđðúĊę÷îđðŨîĕïēĂéĊđซúǰคĉéđðŨîǰ85.5%ǰĒúąǰ98.61%ǰēé÷ñŠćîðฏĉกĉøĉ÷ćđĂÿđìĂøĉôŗđคชĆîขĂง

ĒĂúคćĕúǰĀćกêĆĚงÿööêĉฐćîüŠćกćĒôöĊðøĉöćèîĚĞćöĆîĂ÷ĎŠǰ15%ǰĒúąǰ92%ǰขĂงîĚĞćöĆîจćกกćĒôëĎกđðúĊę÷îđðŨîĕïēĂ

éĊđซúǰจąÿćöćøëñúĉêĕïēĂéĊđซúĕéšðøąöćèǰ0.85ǰúšćîêĆîêŠĂðŘǰîĂกจćกîĊĚคčèõćóîĚĞćöĆîขĂงกćกกćĒô÷Ćงÿćöćøë

ðøĆïðøčงĔĀšđĀöćąกĆïกćøĔชšงćîĔîĂčêÿćĀกøøöđคøČęĂงÿĞćĂćงĒúą÷ćǰĀøČĂĔชšđðŨîĒĀúŠงขĂงÿćøðøąกĂïìĊęöĊคŠćĂČęîǰėǰ

đชŠîǰคćđôĂĊîǰÿđêĂøĂúÿŤđìĂøŤđóîǰĒúąēìēคôŘøĂÿǰคćđôĂĊîđðŨîÿćøðøąกĂïìĊęëĎกýċกþćöćกìĊęÿčéจćกกćĒô

đîČęĂงจćกÿŠงñúกøąìïêŠĂøŠćงกć÷ǰĒúąชŠü÷ĔîกćøđñćñúćญóúĆงงćîǰîĂกจćกîĊĚ÷ĆงöĊกćøýċกþćÿćøðøąกĂïôŘîĂú

จćกîĚĞćöĆîกćĒôǰđîČęĂงจćกöĊðøąē÷ชîŤêŠĂÿčขõćóขĂงöîčþ÷ŤǰđชŠîǰðŜĂงกĆîēøคđøČĚĂøĆงǰêšĂกøąจก จĂðøąÿćìêćđÿČęĂö 
ēøคđกĊę÷üกĆïøąïïðøąÿćìǰĒúąēøคđïćĀüćîǰĒúąùìíĉĝìćงชĊüõćóĂČęîǰėǰđชŠîÿćøêšćîĂîčöĎúĂĉÿøą  êšćîĒïคìĊđøĊ÷ǰ
ĕüøĆÿ êšćîกćøĂĆกđÿïǰĒúąêšćîöąđøĘงǰ[10] 

2.2 กćøÿกĆดนĚĞćöĆนกćĒô 
üĉíĊกćøÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôöĊĀúć÷üĉíĊǰđชŠîǰกćøïĊïđ÷Ęîǰ (cold compression) กćøÿกĆééšü÷êĆüìĞćúąúć÷ 

(solvent extraction) กćøÿกĆéēé÷ĔชšĕขöĆîǰ(effleurages) ĒúąกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰ

(supercritical carbon dioxide extraction) [11]ǰēé÷ĔîงćîüĉจĆ÷îĊĚจąกúŠćüëċงüĉíĊกćøÿกĆéìĆĚงĀöéǰ2ǰüĉíĊǰคČĂ กćøÿกĆé
éšü÷êĆüìĞćúąúć÷ĒúąกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

2.2.1 กćøÿกĆดดšü÷ตĆüทĞćúąúć÷ǰ(solvent extraction) 
กćøÿกĆééšü÷êĆüìĞćúąúć÷ǰđðŨîüĉíĊìĞćÿćøĔĀšïøĉÿčìíĉĝĀøČĂđðŨîüĉíĊĒ÷กÿćøĂĂกจćกกĆîüĉíĊĀîċęงǰกćøÿกĆééšü÷êĆü

ìĞćúąúć÷ĂćýĆ÷ÿöïĆêĉขĂงกćøúąúć÷ขĂงÿćøĒêŠúąชîĉéǰÿćøìĊęêšĂงกćøÿกĆéêšĂงúąúć÷Ă÷ĎŠĔîêĆüìĞćúąúć÷ǰĀúĆกĔî
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กćøđúČĂกêĆüìĞćúąúć÷ìĊęđĀöćąÿöǰคČĂǰêšĂงđðŨîêĆüìĞćúąúć÷ìĊęúąúć÷ÿćøìĊęêšĂงกćøÿกĆéĕéšéĊǰĕöŠúąúć÷ÿćøĂČęîǰėǰìĊęĕöŠ

êšĂงกćøǰĀøČĂúąúć÷ĕéšîšĂ÷öćกǰĕöŠìĞćðฏĉกĉøĉ÷ćกĆïÿćøìĊęêšĂงกćøจąĒ÷กǰìĊęÿĞćคĆญĕðกüŠćîĆĚîคČĂǰคüøĒ÷กĂĂกจćก

ÿćøúąúć÷ĕéšงŠć÷ĒúąìĞćĔĀšïøĉÿčìíĉĝĕéšงŠć÷đóČęĂจąĕéšîĞćกúĆïöćĔชšĔĀöŠĕéšĂĊกǰöĊøćคćëĎกǰĀćงŠć÷ǰĕöŠöĊóĉþǰĒúąöĊจčéđéČĂé

êęĞćǰ[12] 
กćøÿกĆéĒïïซĂกÿŤđúêǰ(Soxhlet extraction) ĀúĆกกćøขĂงđคøČęĂงöČĂซĂกÿŤđúêǰ(Soxhlet apparatus) 

จąĔชšêĆüìĞćúąúć÷ĔîðøĉöćèîšĂ÷ǰđîČęĂงจćกêĆüìĞćúąúć÷ìĊęĔชšÿกĆéÿćøĒúšüจąëĎกìĞćĔĀšøąđĀ÷ĒúąคüïĒîŠîกúĆïöćđöČęĂ

đจĂøąïïĀúŠĂđ÷ĘîǰìĞćĔĀšÿกĆéĕéšĂĊกđðŨîúĆกþèąĀöčîđüĊ÷îǰǰēé÷êĆüìĞćúąúć÷ìĊęĔÿŠúงĕðĔîđคøČęĂงöČĂจąĀöčîđüĊ÷îñŠćî

ÿćøìĊęêšĂงกćøÿกĆéĀúć÷ėคøĆĚงđðŨîกćøđóĉęöðøąÿĉìíĉõćóกćøÿกĆéǰจîกøąìĆęงÿćøìĊęêšĂงกćøÿกĆéĂĂกöćöĊðøĉöćè

đขšöขšîöćกóĂ 
  êĆüĒðøìĊęÿŠงñúêŠĂกćøÿกĆéǰöĊéĆงîĊĚǰðøĉöćêøêĆüìĞćúąúć÷êšĂงöĊöćกóĂǰคČĂǰđöČęĂêĆüìĞćúąúć÷ÿŠüîĀîċęงđกĉé

กćøøąđĀ÷ขċĚîìćงǰReflux sidearm ĒúšüคüïĒîŠîĀ÷éúงêĆüĂ÷ŠćงĔîǰextraction chamber đöČęĂêĆüìĞćúąúć÷đêĘö
đกĉéกćúĆกîĚĞćǰìĞćĔĀšกćøÿกĆéđกĉéขċĚîĂ÷ŠćงêŠĂđîČęĂงêúĂéđüúćǰซċęงêĆüìĞćúąúć÷ìĊęöćกđกĉîóĂǰÿćöćøëøąđĀ÷ĂĂกĕéšđöČęĂ

ÿกĆéÿćøìĊęÿîĔจĕéšêćöìĊęêšĂงกćøǰéšü÷đคøČęĂงǰRotary evaporator đüúćìĊęĔชšĔîกćøÿกĆéêšĂงöĊคüćöđĀöćąÿöǰìĊęจą
ÿćöćøëÿกĆéđĂćÿćøìĊęÿîĔจĂĂกจćกêĆüĂ÷ŠćงĔĀšĕéšöćกìĊęÿčéǰซċęงĔîđìคîĉคîĊĚǰÿŠüîĔĀญŠđüúćìĊęĔชšÿกĆéöĆก÷ćüîćîđðŨî

ชĆęüēöงǰđóČęĂĔĀšđกĉéกćøǰreflux ขĂงêĆüìĞćúąúć÷Āúć÷ėǰซĚĞćǰìĞćĔĀšÿćøìĊęÿîĔจëĎกÿกĆéĂĂกจćกêĆüĂ÷ŠćงĕéšöćกìĊęÿčéǰ
ÿŠüîÿčéìšć÷คČĂǰüĆêëčéĉïìĊęĔชšÿกĆéǰöĆกĔชšêĆüĂ÷ŠćงđðŨîขĂงĒขĘงǰéĆงîĆĚîจĞćđðŨîêšĂงìĞćĔĀšêĆüĂ÷ŠćงöĊขîćéđúĘกúงđóČęĂĔĀšöĊ

óČĚîìĊęÿĆöñĆÿöćกขċĚî [13] 

 

øĎปทĊęǰ2.7ǰชčéđคøČęĂงöČĂÿกĆéซĂกÿŤđúê [14] 

2.2.2 กćøÿกĆดดšü÷คćøŤบĂนĕดĂĂกĕซดŤõćüąđĀนČĂüĉกùตǰ(supercritical carbon dioxide extraction) 
ขĂงĕĀúõćüąđĀîČĂüĉกùêǰ(supercritical fluid) Āöć÷ëċงǰขĂงĕĀúìĊęĂ÷ĎŠĔîõćüąìĊęĕöŠÿćöćøëจĞćĒîกĕéšüŠć

ÿÿćøîĆĚîĂ÷ĎŠĔîÿëćîąĒกŢÿĀøČĂขĂงđĀúüǰĂíĉïć÷ĕéšจćกđôÿĕéĂąĒกøöĒúąõćüąüĉกùêขĂงÿćøïøĉÿčìíĉĝĔéǰėǰéĆงĒÿéง

ĔîøĎðìĊęǰ2.8ǰซċęงĒÿéงëċงõćüąìĊęÿÿćøĂ÷ĎŠĔîÿëćîąขĂงĒขĘงǰขĂงđĀúüǰĒúąĒกŢÿǰēé÷öĊđÿšîĀúĂöđĀúüǰ(fusion line) 
ĒïŠงขĂïđขêøąĀüŠćงขĂงĒขĘงกĆïขĂงđĀúüǰĒúąđÿšîคüćöéĆîĕĂǰ(vapor pressure line ĀøČĂǰboiling line) จąđðŨî
đÿšîìĊęĒïŠงขĂïđขêøąĀüŠćงขĂงđĀúüกĆïĒกŢÿǰÿĞćĀøĆïจčéìĊęĂ÷ĎŠøąĀüŠćงìĆĚงÿćöÿëćîąǰđøĊ÷กüŠćǰจčéøŠüöÿćöǰ( triple 
point) 
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ĒกŢÿÿćöćøëđðúĊę÷îÿëćîąđðŨîขĂงđĀúüĕéšǰ2ǰüĉíĊคČĂǰēé÷กćøđóĉęöคüćöéĆîǰĀøČĂกćøúéĂčèĀõĎöĉđóČęĂúé

óúĆงงćîจúîŤǰ(kinetic energy) ĒúąìĞćĔĀšøą÷ąĀŠćงøąĀüŠćงēöđúกčúขĂงĒกŢÿúéúงǰđกĉéĒøงéċงéĎéøąĀüŠćงกĆîöćกขċĚî
จîกøąìĆęงÿćöćøëคüïĒîŠîđðŨîขĂงđĀúüǰĒêŠìĊęĂčèĀõĎöĉÿĎงกüŠćĂčèĀõĎöĉüĉกùêēöđúกčúขĂงĒกŢÿจąöĊóúĆงงćîจúîŤöćกǰ

ĒöšđóĉęöคüćöéĆîđìŠćĕĀøŠกĘĕöŠÿćöćøëìĞćĔĀšĒกŢÿđกĉéกćøคüïĒîŠîđðŨîขĂงđĀúüĕéšǰēé÷ĂčèĀõĎöĉÿĎงÿčéìĊęĒกŢÿ÷Ćงÿćöćøë

คüïĒîŠîđðŨîขĂงđĀúüĕéšđøĊ÷กüŠćĂčèĀõĎöĉüĉกùêǰ(critical temperature) ĒúąคüćöéĆîìĊęจčéîĊĚđøĊ÷กüŠćǰคüćöéĆî
üĉกùêǰ(critical pressure) ÿĞćĀøĆïจčéìĊęđðŨîĂčèĀõĎöĉüĉกùêĒúąคüćöéĆîüĉกùêǰđøĊ÷กüŠćจčéüĉกùêǰ(critical point) đöČęĂ
ĂčèĀõĎöĉĒúąคüćöéĆîÿĎงกüŠćจčéüĉกùêǰÿćøจąĂ÷ĎŠĔîÿëćîąìĊęĕöŠÿćöćøëจĞćĒîกĕéšüŠćđðŨîĒกŢÿǰĀøČĂขĂงđĀúüǰĒúąđøĊ÷ก

ÿÿćøìĊęĂ÷ĎŠĔîÿëćîąîĊĚüŠćǰขĂงĕĀúõćüąđĀîČĂüĉกùêǰ(supercritical fluid) ซċęงĂčèĀõĎöĉüĉกùêĒúąคüćöéĆîüĉกùêđðŨî

คŠćคงìĊęĒúąđðŨîÿöïĆêĉđฉóćąขĂงÿÿćøǰēé÷กćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰđðŨîüĉíĊกćøÿกĆé

ðøąđõìĀîċęงìĊęđĀöćąÿĞćĀøĆïกćøÿกĆéÿćøìĊęđÿČęĂöÿõćóĕéšงŠć÷éšü÷คüćöøšĂîǰĒúąđðŨîÿćøìĊęöĊขĆĚüêęĞćǰĂčèĀõĎöĉüĉกùê

ĒúąคüćöéĆîüĉกùêขĂงคćøŤïĂîĕéĂĂกĕซéŤคČĂǰ31.1ǰĂงýćđซúđซĊ÷ÿǰĒúąǰ73.9ǰïćøŤǰ[15,16] 
กćøÿกĆéēé÷ĔชšคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰĔĀšÿćøÿกĆéìĊęðøćýจćกêĆüìĞćúąúć÷Ēúą

คćøŤïĂîĕéĂĂกĕซéŤǰêšîìčîêęĞćǰđฉČęĂ÷ǰðúĂéÿćøóĉþǰĒúąđĀöćąÿĞćĀøĆïกćøÿกĆéÿćøðøąกĂïìĊęêĂïÿîĂงêŠĂกćø

đðúĊę÷îĒðúงขĂงĂčèĀõĎöĉǰกćøĔชšกćøÿกĆééšü÷ขĂงĕĀúõćüąđĀîČĂüĉกùêǰÿŠüîĔĀญŠĔชšคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂ

üĉกùêǰกćøĔชšêĆüìĞćúąúć÷øŠüöĂćจöĊคüćöÿĞćคĆญĔîกćøðøĆïðøčงชŠüงÿõćóขĆĚüขĂงÿćøÿกĆéǰđîČęĂงจćกÿćöćøë

ðøĆïđðúĊę÷îÿöïĆêĉกćøúąúć÷ขĂงขĂงĕĀúõćüąđĀîČĂüĉกùêĕéšĒöšìĊęคüćöđขšöขšîêęĞćǰêĆüìĞćúąúć÷ÿĊđขĊ÷üǰ(green 
solvents) ìĊęĔชšǰĕéšĒกŠǰđĂìćîĂúǰĒúą/ĀøČĂîĚĞćđðŨîêĆüìĞćúąúć÷øŠüöǰîĂกจćกîĊĚกćøøüöกĆîขĂงกćøÿกĆééšü÷ขĂงĕĀú
õćüąđĀîČĂüĉกùêĒúąกćøÿกĆééšü÷ขĂงĕĀúคüćöéĆîÿĎงǰĂ÷ŠćงîšĂ÷ÿĂงขĆĚîêĂîขċĚîĕðǰขĆĚüขĂงêĆüìĞćúąúć÷จąđóĉęöขċĚîĔî

ĒêŠúąขĆĚîêĂîǰđðŨîìćงđúČĂกđóČęĂđóĉęöกćøÿกĆéÿćøĂĂกùìíĉĝìćงชĊüõćóĔĀšĕéšöćกìĊęÿčéǰ [17] 

 

øĎปทĊęǰ2.8ǰĒñîñĆงüĆฏõćคขĂงคćøŤïĂîĕéĂĂกĕซéŤǰ[16] 

2.3 งćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 
Araújom Ēúąคèąǰ[10] ýċกþćกćøÿกĆéîĚĞćöĆîจćกกćกกćĒôēé÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêøŠüöกĆï 

đĂìćîĂúǰ(SCCO2ǰ+ǰEtOH) ñŠćîกøąïüîǰsemi-batch ซċęงđðŨîìćงđúČĂกĔîกćøìéĒìîกćøÿกĆééšü÷êĆüìĞćúąúć÷

ĂĉîìøĊ÷ŤǰîĂกจćกîĊĚñúúĆóíŤìĊęĕéšจćกกćøÿกĆéëĎกîĞćĕðđðøĊ÷ïđìĊ÷ïกĆïกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê
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ĒúąđĂìćîĂúìĊęคüćöéĆîÿĎง ēé÷üĉíĊìĊęĔชšđðŨîöćêøฐćîÿĞćĀøĆïกćøÿกĆéคČĂǰSoxhlet  ĔîงćîüĉจĆ÷îĊĚöĊกćøĀćøšĂ÷úąñúĕéš
ÿĎงÿčéขĂงกćøÿกĆéǰðøĉöćèกøéĕขöĆîǰðøĉöćèôŘîĂúìĆĚงĀöéǰ(TPC) ÿćøêšćîĂîčöĎúĂĉÿøąñŠćîüĉíĊǰABTS ĒúąǰDPPH 
ÿćøðøąกĂïôŘîĂúĉกĒúąðøĉöćèคćđôĂĊîǰøüöëċงđÿšîēคšงกćøÿกĆéēé÷øüöǰøšĂ÷úąñúĕéšขĂงกćøÿกĆéÿĎงÿčéคČĂǰ15.9%ǰēé÷

ĔชšǰSCCO2ǰ+ǰEtOH ìĊęǰĂčèĀõĎöĉǰ80ǰºC, คüćöéĆîǰ20ǰMPa ēé÷öĊĂĆêøćÿŠüîđĂìćîĂúêŠĂกćกกćĒôđðŨîǰ2:1ǰĔîđüúćÿกĆéǰ
25ǰîćìĊǰกøéĕขöĆîĀúĆกìĊęóïĔîîĚĞćöĆîคČĂǰlinoleic (45%)ǰĒúąǰpalmitic (31%)ǰîĚĞćöĆîìĊęĕéšจćกกćøÿกĆééšü÷ǰSCCO2ǰ+ǰ

EtOH (2:1)ǰöĊคŠćǰTPC ÿĎงǰ(294.47ǰëċงǰ392.96ǰmg GAE / îĚĞćöĆîǰ100ǰกøĆö)ǰซċęงöĊðøĉöćèĔกúšđคĊ÷งกĆïìĊęĕéšจćกกćøÿกĆé

éšü÷đĂìćîĂúìĊęคüćöéĆîÿĎงǰîĂกจćกîĊĚÿćøêšćîĂîčöĎúĂĉÿøąĔîîĚĞćöĆîÿĞćĀøĆïกćøÿกĆééšü÷ǰSCCO2ǰ+ǰEtOH îĆĚîöĊคŠćÿĎง
đชŠîกĆîǰกøéôŘîĂúĉกĀúĆกìĊęóïคČĂกøéǰdihydroxybenzoic Ēúąกøéǰcaffeic ซċęงคŠćคüćöđขšöขšîìĊęÿĎงìĊęÿčéขĂงǰ

dihydroxybenzoic คČĂ17.66ǰmg ĔîîĚĞćöĆîǰ100ǰกøĆöǰĒúąǰกøéǰcaffeic คČĂǰ9.36ǰmg ĔîîĚĞćöĆî100ǰg ซċęงĕéšจćกกćø
ÿกĆééšü÷ǰSCCO2ǰ+ǰEtOH (2:1)ǰìĊęĂčèĀõĎöĉǰ80ǰºC ĒúąǰคüćöéĆî10ǰMPa ÿĞćĀøĆïðøĉöćèคćđôĂĊîÿĎงÿčéǰ(711.70ǰ

öĉúúĉกøĆöĔîîĚĞćöĆîǰ100ǰกøĆö)ǰĕéšจćกกćøÿกĆééšü÷ǰSCCO2ǰ+ǰEtOH (0.5:1)ǰìĊęĂčèĀõĎöĉǰ60ǰºC ĒúąคüćöéĆîǰ15ǰMPa 
ñúúĆóíŤìĊęĕéšĔîงćîüĉจĆ÷îĊĚĔĀšøšĂ÷úąñúĕéšขĂงกćøÿกĆéÿĎงกüŠćüĉíĊกćøÿกĆééšü÷ǰSCCO2ǰĒúąöĊคŠćĔกúšđคĊ÷งกĆïüĉíĊกćøÿกĆééšü÷

đĂìćîĂúìĊęคüćöéĆîÿĎงĒêŠĔชšđüúćĔîกćøÿกĆéìĊęîšĂ÷กüŠćĒúąĔชšêĆüìĞćúąúć÷ĂĉîìøĊ÷ŤìĊęîšĂ÷úงǰซċęงĒÿéงëċงคüćöđðŨîĕðĕéš

ĔîìćงđìคîĉคìĊęîĞćขĂงđÿĊ÷ìćงกćøđกþêøĕðñúĉêđðŨîđชČĚĂđóúĉงชĊüöüúēé÷ĔชšǰSCCO2ǰ+ǰEtOH  ĔîกćøÿกĆé 
Bitencourt Ēúąคèąǰ[17]  ýċกþćกćøÿกĆéĒúąĒ÷กÿŠüîðøąกĂïขĂงîĚĞćöĆîจćกกćกกćĒôēé÷öčŠงđîšîคüćöÿîĔจĕð

ìĊęðøĉöćèÿćøðøąกĂïôŘîĂúǰìĊęĂčèĀõĎöĉǰ333 đคúüĉîǰĒúąǰคüćöéĆîǰ40 đöกąóćÿคĆúǰĔîǰ1 ĀøČĂǰ2 ขĆĚîêĂîǰéšü÷êĆüìĞć
úąúć÷ìĊęĒêกêŠćงกĆîǰคČĂǰคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰđĂìćîĂúǰĒúąÿćøñÿöøąĀüŠćงคćøŤïĂîĕéĂĂกĕซéŤõćüą

đĀîČĂüĉกùêกĆïđĂìćîĂúǰĔîÿĆéÿŠüîǰ90 êŠĂǰ10 ēé÷öüúǰกćøĒ÷กÿŠüîðøąกĂïëĎกðøąđöĉîēé÷đคøČęĂงĒ÷กǰ4 êĆüêŠĂĂîčกøö
กĆîǰèǰĂčèĀõĎöĉǰ323 đคúüĉîǰìĊęคüćöéĆîĒúąคüćöđขšöขšîขĂงđĂìćîĂúìĊęĒêกêŠćงกĆîǰÿćøÿกĆéจćกđĂìćîĂúจąĔĀšñúñúĉê
ēé÷øüöÿĎงÿčéǰøšĂ÷úąǰ25 êĆüĂ÷ŠćงìĊęĕéšจćกđคøČęĂงĒ÷กêĆüĒøกóïüŠćǰðøĉöćèÿćøðøąกĂïôŘîĂúìĊęÿกĆéจćก 
đĂìćîĂúĕéšñúúĆóíŤÿĎงกüŠćกćøÿกĆéĒïïíøøöéćëċงǰ4 đìŠćǰĒúąกćøđóĉęöðøąÿĉìíĉõćóðøĉöćèÿćøðøąกĂïôŘîĂúìĊę

คúšć÷กĆîëĎกêøüจóïñŠćîกćøÿกĆéĒïïÿĂงขĆĚîêĂîǰñúกćøüĉจĆ÷óïüŠćüĉíĊกćøéĆงกúŠćüìĊęđÿîĂîĆĚîĒÿéงĔĀšđĀĘîüŠćöĊ

ðøąÿĉìíĉõćóĔîกćøÿกĆéกćกกćĒôĔĀšĕéšðøĉöćèÿćøðøąกĂïôŘîĂúÿĎงขċĚî 
ReverchonǰĒúąคèąǰ[18] ýċกþćกćøÿกĆéĒïïõćüąđĀîČĂüĉกùêĒúąกćøĒ÷กÿŠüîðøąกĂïขĂงÿÿćøíøøöชćêĉđðŨî

ĀîċęงĔîกćøðøą÷čกêŤìĊęĕéšøĆïกćøýċกþćöćกŠĂîĒúąÿŠüîĔĀญŠĔîÿćขćขĂงĕĀúõćüąđĀîČĂüĉกùêǰĔîชŠüงǰ10ǰðŘìĊęñŠćîöćöĊกćø
đñ÷ĒóøŠกćøýċกþćกćøÿกĆéÿćøðøąกĂïéĆĚงđéĉöǰđชŠîǰîĚĞćöĆîĀĂöøąđĀ÷ǰĒúąîĚĞćöĆîđöúĘéจćกĒĀúŠงêŠćงǰėǰđชŠîǰđöúĘéǰñúĕöšǰ

ĔïĕöšǰéĂกĕöšǰđĀงšćǰĄúĄǰēé÷öĊĀøČĂĕöŠöĊêĆüìĞćúąúć÷øŠüöđóĉęöǰîĂกจćกîĊĚ÷ĆงĕéšìĞćกćøýċกþćกćøÿกĆéÿćøêšćîĂîčöĎúĂĉÿøąǰ

÷ćÿćøÿĊǰĒúąÿćøกĞćจĆéýĆêøĎóČชǰกćøĒ÷กÿŠüîñÿöขĂงขĂงđĀúüĒúąกćøÿกĆéĒïïêĆüêšćîกćøúąúć÷đðŨîกøąïüîกćøĂČęîìĊę

ÿćöćøëĒ÷กĕéšĂ÷ŠćงîŠćÿîĔจǰกćøÿøšćงĒïïจĞćúĂงìćงคèĉêýćÿêøŤĕéšøĆïกćøóĆçîćĒúąðøĆïðøčงÿĞćĀøĆïกøąïüîกćø

đĀúŠćîĊĚ 
กćøýċกþćคøĆĚงîĊĚöĊüĆêëčðøąÿงคŤđóČęĂüĉđคøćąĀŤìĉýìćงéĆĚงđéĉöĒúąìĉýìćงĔĀöŠĔîกćøüĉจĆ÷đกĊę÷üกĆïกćøĒ÷กÿćøíøøöชćêĉ

ēé÷กćøÿกĆéĒúąกćøĒ÷กÿŠüîðøąกĂïขĂงđĀúüìĊęõćüąđĀîČĂüĉกùê 
MeloǰĒúąคèąǰ[19] ýċกþćëċงĒงŠöčöìćงüĉì÷ćýćÿêøŤĒúąđìคēîēú÷ĊđชĉงđýøþฐýćÿêøŤขĂงกćøÿกĆéขĂงđĀúüìĊęõćüą

đĀîČĂüĉกùêǰขĂงกćกกćĒôซċęงđðŨîìĊęÿîĔจõć÷ĔêšïøĉïìēøงกúĆęîชĊüõćó (biorefinery)ǰกćøìéúĂงìĞćéšü÷ซĂกÿŤđúêǰĒúą
üĆéÿŠüîēคšงกćøÿกĆéĒïïขĂงĕĀúõćüąđĀîČĂüĉกùêǰìĊęǰ190ǰïćøŤĒúąǰ40ǰĂงýćđซúđซĊ÷ÿǰĀøČĂǰ55ǰĂงýćđซúđซĊ÷ÿǰÿćøÿกĆé
ëĎกøąïčúĆกþèąéšü÷đìคîĉคĒกŢÿēคøöćēìกøćôŘēé÷đúČĂกĔชšêĆüêøüจüĆéชîĉéđôúöĕĂĂĂĕîđซชĆîǰ(GC-FID) ĒúąĕêøđĂซĉú 
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กúĊđซĂøĂúđกČĂïคงìĊęêćöđÿšîēคšงกćøÿกĆéĒúąคúšć÷กĆïñúขĂงซĂกÿŤđúêéšü÷đăกđซîǰðøĉöćèขĂงกøéúĉēîđúĂĉกĒúąกøé

ðćúŤöĉêĉกĔîÿćøÿกĆéìĆĚงǰ2ǰคČĂǰøšĂ÷úąǰ44.5ǰĒúąǰ37.5ǰēé÷öüúǰêćöúĞćéĆï 
คŠćคüćöÿćöćøëĔîกćøúąúć÷ขĂงîĚĞćöĆîǰกćøĒóøŠกøąจć÷õć÷ĔîđซúúŤǰคŠćÿĆöðøąÿĉìíĉĝกćøëŠć÷ēĂîöüúĒúąôúĆกซŤ

กćøกĞćจĆéîĚĞćöĆîǰÿøčðĕéšüŠćคüćöÿćöćøëĔîกćøúąúć÷đðŨîóćøćöĉđêĂøŤĀúĆกđïČĚĂงĀúĆงđÿšîēคšงกćøÿกĆéĒïïÿąÿöìĊęĒêกêŠćง

กĆîĒúąกćøìéúĂงìĆĚงĀöéจąêšĂงöĊคŠćคüćöêšćîìćîกćøëŠć÷ēĂîöüúđìŠćกĆî 
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บททĊęǰ3 

üĉธĊดĞćđนĉนงćนüĉจĆ÷ 

3.1 ĂčปกøณŤĒúąÿćøđคöĊ 
3.1.1 ĂčปกøณŤ 

- ชčéÿกĆééšü÷êĆüìĞćúąúć÷ชîĉéซĂกÿŤđúêǰ(Soxhlet Extraction Apparatus) 
- ชčéÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰ(Supercritical carbon dioxide Extraction Apparatus) 
- đคøČęĂงชĆęงéĉจĉêĂúǰ4ǰêĞćĒĀîŠงǰ(Analytical Balance) 
- đêćĀúčöĔĀšคüćöøšĂîǰ(Heating Mantle) 
- đคøČęĂงøąđĀ÷ĒïïĀöčîǰ(Rotary Evaporator) 
- êĎšĂïǰ(Oven) 

3.1.2 ÿćøđคöĊ 
- đöúĘéกćĒôคĆęüïéǰ(Coffea robusta Pierre ex Froehner L.) 
- đăกđซîǰ(n-Hexane, C6H6): Commercial Grade 
- คćøŤïĂîĕéĂĂกĕซéŤǰ(Carbon Dioxide) 
- îĚĞćðøćýจćกĕĂĂĂîǰ(Deionized Water) 

3.2 øć÷úąđĂĊ÷ดüĉธĊกćøทดúĂง 
งćîüĉจĆ÷îĊĚýċกþćกćøÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüïééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰēé÷ýċกþćñúขĂง

ĂčèĀõĎöĉĒúąคüćöéĆîĔîชŠüงǰ40-60 °C Ēúąǰ200-300 ïćøŤǰêćöúĞćéĆïǰĒúąđðøĊ÷ïđìĊ÷ïñúĕéšกĆïüĉíĊÿกĆééšü÷êĆüìĞćúąúć÷
ēé÷đคøČęĂงซĂกÿŤđúêǰēé÷öĊøć÷úąđĂĊ÷ééĆงîĊĚ 

3.2.1 กćøđตøĊ÷öđöúĘดกćĒô 
đöúĘéกćĒôคĆęüĂŠĂîจćกéĂ÷ชšćงǰจĆงĀüĆéđชĊ÷งøć÷ǰïéñŠćîêąĒกøงđïĂøŤǰ14ǰขîćéĂîčõćคǰ0.2ǰ–ǰ0.5ǰ

öĉúúĉđöêøǰđóČęĂøĂกćøÿกĆéêŠĂĕð 

 

øĎปทĊęǰ3.1ǰđöúĘéกćĒôคĆęüïé 
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3.2.2 กćøÿกĆดนĚĞćöĆนจćกđöúĘดกćĒôคĆęüบดดšü÷ตĆüทĞćúąúć÷ēด÷đคøČęĂงซĂกÿŤđúต 
กćøĔชšđคøČęĂงÿกĆéซĂกÿŤđúêǰ(Soxhlet Extractor) đêøĊ÷öüĆêëčéĉïðøąöćèǰ20ǰกøĆöǰĔÿŠĔîกøąéćþกøĂง

ÿĞćĀøĆïกćøÿกĆéǰ(extraction thimble) (Āöć÷đúขǰ1)ǰǰĒúšüêĆĚงชčéกćøìéúĂงกćøÿกĆéĒïïซĂกÿŤđúêขîćéǰ500ǰ
öĉúúĉúĉêøǰĒÿéงéĆงøĎðìĊęǰ3.2ǰจćกîĆĚîđêĉöêĆüìĞćúąúć÷ǰǰĔîงćîüĉจĆ÷îĊĚđúČĂกĔชšđăกđซîđðŨîêĆüìĞćúąúć÷ǰðøĉöćèǰ200ǰ

öĉúúĉúĉêøǰĒúšüéĞćđîĉîกćøÿกĆéēé÷đøĉęöđðŗéđคøČęĂงìĞćคüćöøšĂîǰ(Āöć÷đúขǰ2)ǰĔĀšêĆüìĞćúąúć÷øąđĀ÷ĒúąñŠćîøąïï

ĀúŠĂđ÷Ęîǰ(Āöć÷đúขǰ3ǰ) ĔĀšคüïĒîŠîúงöćñŠćîÿćøìĊęêšĂงกćøÿกĆéǰÿćøìĊęÿกĆéĕéšจąĂ÷ĎŠĔîขüéกšîกúöǰ(Āöć÷đúขǰ4)ǰ
ÿŠüîêĆüìĞćúąúć÷กĘจąøąđĀ÷กúĆïขċĚîĕðĔĀöŠǰĒúšüกúĆęîêĆüúงïîđöúĘéกćĒôคĆęüïéซĚĞćจîกüŠćÿćøúąúć÷ïøĉđüèÿŠüîÿกĆé

ĕöŠöĊÿĊǰจċงđกĘïÿćøúąúć÷ìĊęĕéšจćกกćøÿกĆéĕðøąđĀ÷êĆüìĞćúąúć÷ĂĂกéšü÷đคøČęĂงøąđĀ÷ĒïïĀöčîĒÿéงéĆงøĎðìĊęǰ3.3ǰจî

êĆüìĞćúąúć÷ëĎกĒ÷กĂĂกĕðĀöéđĀúČĂđóĊ÷งÿćøìĊęÿกĆéĕéšǰจćกîĆĚîîĞćöćĀćñúĕéšîĚĞćöĆîĀĂöøąđĀ÷จćกกćøÿกĆé 

 

øĎปทĊęǰ3.2ǰชčéกćøÿกĆéĒïïซĂกÿŤđúê 

 

øĎปทĊęǰ3.3ǰđคøČęĂงøąđĀ÷ĒïïĀöčî 

1 

4 

3 

2 



15 
 

3.2.3 กćøÿกĆดนĚĞćöĆนดšü÷คćøŤบĂนĕดĂĂกĕซดŤõćüąđĀนČĂüĉกùตǰ(Supercritical Carbon Dioxide Extraction) 
กćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêĔชšชčéกćøÿกĆéĒúąĒ÷กéšü÷ขĂงĕĀúõćüąđĀîČĂüĉกùêéĆง

ĒÿéงǰĔîøĎðìĊęǰ3.4ǰđøĉęöจćกïøøจčêĆüĂ÷ŠćงđöúĘéกćĒôคĆęüïéǰ20ǰกøĆöǰĔîđคøČęĂงÿกĆéǰ(Extractor) (Āöć÷đúขǰ7) Ēúšü
ðŦūöคćøŤïĂîĕéĂĂกĕซéŤđขšćĕðĔîøąïïēé÷ĔชšðŦūöĒøงéĆîÿĎงìĊęöĊøąïïĀúŠĂđ÷ĘîđóČęĂĔĀšคćøŤïĂîĕéĂĂกĕซéŤคงÿõćóđðŨî

ขĂงđĀúüกŠĂîðŦūöǰĒúšüðøĆïđóĉęöคüćöéĆîéšü÷ǰǰBack-pressure regulator đöČęĂคüćöéĆîĔîøąïïëċงคŠćìĊęêšĂงกćøจċง
đøĉęöจĆïđüúćǰēé÷ìĞćกćøđกĘïêĆüĂ÷Šćงìčกǰėǰ30ǰîćìĊǰจîคøïǰ5ǰชĆęüēöง 

ǰĔîงćîüĉจĆ÷îĊĚýċกþćñúĕéšกćøÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüìĊęคüćöéĆîǰ200 Ēúąǰ300 ïćøŤǰĒúąĂčèĀõĎöĉ

กćøÿกĆéìĊęǰ40, 50, 60 ĂงýćđซúđซĊ÷ÿǰêćöúĞćéĆï 

 

øĎปทĊęǰ3.4 ชčéกćøÿกĆéēé÷ĔชšคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰ[20] 1) ëĆงĒกŢÿคćøŤïĂîĕééĂกĕซéŤǰ2) ĂŠćงîĚĞćđ÷Ęîǰǰǰǰǰǰǰǰǰǰǰ
3) ðŦūöĒøงéĆîÿĎงǰ4) Ēúąǰ5) ĂŠćงîĚĞćคüïคčöĂčèĀõĎöĉǰ6) Ēñงคüïคčöǰ7) đคøČęĂงÿกĆéǰĒúąǰ8) ขüéđกĘïêĆüĂ÷Šćง 

đคøČęĂงÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰðøąกĂïéšü÷ëĆงĒกŢÿคćøŤïĂîĕéĂĂกĕซéŤǰĂŠćงîĚĞćđ÷Ęîǰ

ðŦūöĒøงéĆîÿĎงǰĂŠćงคüïคčöĂčèĀõĎöĉǰđคøČęĂงÿกĆéǰขüéđกĘïêĆüĂ÷ŠćงǰĒúąĒñงคüïคčöǰēé÷กćøìĞćงćîขĂงđคøČęĂงÿกĆééšü÷

คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêđøĉęöจćกคćøŤïĂîĕéĂĂกĕซéŤจćกëĆงǰ(1) ñŠćîđขšćÿĎŠĂŠćงîĚĞćđ÷Ęîǰ(2) đóČęĂúé

ĂčèĀõĎöĉđðúĊę÷îÿëćîąจćกĒกŢÿđðŨîขĂงđĀúüǰจćกîĆĚîคćøŤïĂîĕéĂĂกĕซéŤđĀúüëĎกðŦūöǰ(3) đขšćĕð÷ĆงìŠĂÿกĆéìĊęĒชŠĔî
ĂŠćงîĚĞćคüïคčöĂčèĀõĎöĉǰ(4, 5) đóČęĂðøĆïĂčèĀõĎöĉĔĀšĕéšêćöìĊęêšĂงกćøǰĒúąđðúĊę÷îคćøŤïĂîĕéĂĂกĕซéŤđĀúüĔĀšĂ÷ĎŠĔî

õćüąđĀîČĂüĉกùêǰĒúšüจċงÿกĆéÿćøõć÷ĔîđคøČęĂงÿกĆéǰ(7) ĕéšđðŨîñúĉêõĆèæŤìĊęĕöŠöĊกćøðîđðŚŪĂîขĂงêĆüìĞćúąúć÷ǰ(8) 
đîČęĂงจćกìĊęĂčèĀõĎöĉĀšĂงĒúąคüćöéĆîïøø÷ćกćýǰคćøŤïĂîĕéĂĂกĕซéŤöĊÿëćîąđðŨîĒกŢÿǰìĆĚงîĊĚคüćöéĆîĒúąĂĆêøćกćø

ĕĀúขĂงคćøŤïĂîĕéĂĂกĕซéŤìĊęĔชšĔîกćøÿกĆéëĎกคüïคčöēé÷Ēñงคüïคčöǰ(6) 
3.2.4 กćøüĉđคøćąĀŤĀćĂงคŤปøąกĂบกøดĕขöĆนขĂงนĚĞćöĆนทĊęÿกĆดĕดš 

ÿŠงêĆüĂ÷ŠćงüĉđคøćąĀŤĂงคŤðøąกĂïกøéĕขöĆîìĊęÿëćïĆîüĉจĆ÷đìคēîēú÷ĊชĊüõćóĒúąüĉýüกøøöóĆîíčýćÿêøŤǰ

จčāćúงกøèŤöĀćüĉì÷ćúĆ÷ǰēé÷ĔชšđคøČęĂงĒกŢÿēคøöćēìกøćôŘǰ(GC) øčŠîǰAlgilent GC 6850N üĉíĊกćøđêøĊ÷öêĆüĂ÷Šćง
öćêøฐćîîĚĞćöĆîขĂงðøąđìýÿĀøĆฐĂđöøĉกćǰ (American Oil Chemists' Society, AOCS Ce 1j-07) 
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บททĊęǰ4 

ผúกćøทดúĂงĒúąüĉจćøณŤผúกćøทดúĂง 

4.1 úĆกþณąขĂงÿćøตĆüĂ÷ŠćงĒúąผúĉตõĆณฑŤทĊęĕดš 
จćกøĎðìĊęǰ4.1 ÿćöćøëđðøĊ÷ïđìĊ÷ïøąĀüŠćงđöúĘéกćĒôคĆęüïéกŠĂîÿกĆééšü÷đคøČęĂงซĂกÿŤđúêǰ(ก)ǰĒúąđöúĘéกćĒôคĆęü

ïéĀúĆงÿกĆéǰ(ข)ǰóïüŠćđöúĘéกćĒôคĆęüïéกŠĂîกćøÿกĆéจąöĊกúĉęîĀĂöĒúąÿĊđขšöǰđîČęĂงจćกöĊîĚĞćöĆîìĊęđĀúČĂĂ÷ĎŠöćกǰÿŠüîđöúĘé

กćĒôคĆęüïéĀúĆงกćøÿกĆéจąöĊกúĉęîจćงúงĒúąöĊÿĊĂŠĂîúงǰđîČęĂงจćกîĚĞćöĆîĕéšëĎกÿกĆéĂĂกöćจîĀöé 

 
øĎปทĊęǰ4.1ǰก)ǰđöúĘéกćĒôคĆęüïéกŠĂîกćøÿกĆéǰĒúąǰข)ǰđöúĘéกćĒôคĆęüïéĀúĆงกćøÿกĆé 

  

øĎปทĊęǰǰ4.2ǰก)ǰîĚĞćöĆîกćĒôĕéšจćกกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ
Ēúąǰข)ǰîĚĞćöĆîกćĒôìĊęĕéšจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

จćกøĎðìĊęǰ4.2 ĒÿéงĔĀšđĀĘîëċงîĚĞćöĆîกćĒôìĊęĕéšจćกกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêǰ(ก)ǰจąöĊúĆกþèąÿĊđĀúČĂงđขšöกüŠć

îĚĞćöĆîìĊęÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰ(ข)ǰĒúą÷ĆงคงđĀúČĂกúĉęîđăกđซîǰซċęงđðŨîêĆüìĞćúąúć÷ìĊęĔชšĔîกćø

ÿกĆé 

ก) 

ข) 

ก) ข) 
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4.2 ผúĕดšขĂงนĚĞćöĆนกćĒôจćกกćøÿกĆดดšü÷đคøČęĂงซĂกÿŤđúตĒúąกćøÿกĆดดšü÷คćøŤบĂนĕดĂĂกĕซดŤõćüąđĀนČĂüĉกùต 
đîČęĂงจćกกćøÿกĆéîĚĞćöĆîจćกđöúĘéกćĒôคĆęüéšü÷êĆüìĞćúąúć÷đðŨîüĉíĊìĊęĔชšÿĞćĀøĆïĀćøšĂ÷úąñúĕéšขĂงîĚĞćöĆîÿĎงìĊęÿčé

éĆงîĆĚîจċงìĞćกćøđðøĊ÷ïđìĊ÷ïñúกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêǰĒÿéงéĆงøĎðìĊęǰ4.3  ēé÷กćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêìĊę
ĂčèĀõĎöĉǰ80 ĂงýćđซúđซĊ÷ÿǰđðŨîđüúćǰ5 ชĆęüēöงĒúąìĞćกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤìĊęĂčèĀõĎöĉǰ40 ëċงǰ60 Ăงýć
đซúđซĊ÷ÿĒúąคüćöéĆîǰ200ǰëċงǰ300 ïćøŤǰđðŨîđüúćǰ5ǰชĆęüēöงǰóïüŠćǰøšĂ÷úąñúĕéšขĂงกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêöĊ 
øšĂ÷úąñúĕéšöćกëċงǰ17.05 จćกกćøđðøĊ÷ïđìĊ÷ïกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰóïüŠćǰกćøÿกĆéจą
ĒïŠงĂĂกđðŨîǰ2 กúčŠöจćกøšĂ÷úąñúĕéšǰēé÷กúčŠöĒøกคČĂìĊęคüćöéĆîǰ300ǰïćøŤจąĕéšøšĂ÷úąñúĕéšöćกìĊęÿčéĔîชŠüง 
øšĂ÷úąǰ6 ëċง 8 กúčŠöìĊęǰ2ǰคČĂìĊęคüćöéĆîǰ200ǰïćøŤจąöĊøšĂ÷úąñúĕéšúéúงöćĂ÷ĎŠĔîชŠüงǰ5 ëċงǰ7 đöČęĂđðøĊ÷ïđìĊ÷ïøąĀüŠćง
กćøÿกĆéìĆĚงǰ2 üĉíĊǰîĂกจćกîĊĚจąđĀĘîüŠćǰกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêìĞćĔĀšöĊîĚĞćöĆîđĀúČĂคšćงĂ÷ĎŠĔî
đöúĘéกćĒôคĆęüǰ Ă÷ŠćงĕøกĘêćöǰจćกกćøÿĆงđกêกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêîĆĚîǰÿćđĀêčìĊęìĞćĔĀšĕéšñúĕéš
ìĊęîšĂ÷กüŠćกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêîĆĚîǰคČĂǰîĚĞćöĆîîŠćจąöĊกćøêĉéÿąÿöêćöìŠĂĒúąøąĀüŠćงđกĘïÿćøêĆüĂ÷Šćง ĂĊกìĆĚง
đüúćĔîกćøìéúĂงöĊĂ÷ŠćงจĞćกĆéǰìĞćĔĀšĕöŠÿćöćøëÿกĆéîĚĞćöĆîĂĂกจćกêĆüĂ÷ŠćงĕéšĀöéǰจċงîĞćøšĂ÷úąñúĕéšìĊęÿกĆéĕéšĕðÿøšćง

กøćôéĎĒîüēîšöคüćöÿĆöóĆîíŤĒúąคćéคąđîđüúćìĊęđĀöćąÿöêŠĂกćøÿกĆéǰซċęงđüúćìĊęđĀöćąÿöĂ÷ĎŠĔîชŠüงǰ17ǰëċงǰ19ǰชĆęüēöงǰ

éĆงĒÿéงĔîøĎðìĊęǰ4.4 Ēúąǰ4.5 

 

 øĎปทĊęǰ4.3ǰøšĂ÷úąñúĕéšขĂงîĚĞćöĆîกćĒôจćกกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêĒúąกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂ

üĉกùêìĊęõćüąêŠćงėǰ(คüćöéĆî,ǰïćøŤ/ĂčèĀõĎöĉ,ǰĂงýćđซúđซĊ÷ÿ) 
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øĎปทĊęǰ4.4 ĒîüēîšöøšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęคüćöéĆîǰ200 ïćøŤǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

 

øĎปทĊęǰ4.5 ĒîüēîšöøšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęคüćöéĆîǰ300 ïćøŤǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

 

4.3 ผúขĂงĂčณĀõĎöĉตŠĂกćøÿกĆดนĚĞćöĆนดšü÷คćøŤบĂนĕดĂĂกĕซดŤõćüąđĀนČĂüĉกùต 
éšü÷กćøìéúĂงจøĉงǰìĞćกćøÿกĆéđóĊ÷งǰ5 ชĆęüēöงǰñúĕéšจċงîšĂ÷กüŠćซĂกÿŤđúêöćกǰĒêŠกćøýċกþćîĊĚêšĂงกćøđðøĊ÷ïđìĊ÷ï

ĂčèĀõĎöĉêŠĂøšĂ÷úąñúĕéšขĂงîĚĞćöĆîìĊęÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰงćîüĉจĆ÷îĊĚจċงกĞćĀîéĂčèĀõĎöĉìĊęǰ40ǰ50ǰ

Ēúąǰ60ǰĂงýćđซúđซĊ÷ÿǰìĊęคüćöéĆîคงìĊęìĊęǰ200ǰïćøŤǰñúกćøÿกĆéĒÿéงéĆงøĎðìĊęǰ4.6ǰóïüŠćǰøšĂ÷úąñúĕéšÿčéìšć÷ขĂงîĚĞćöĆîìĊę

öćกìĊęÿčéคČĂìĊęĂčèĀõĎöĉǰ60ǰĂงýćđซúđซĊ÷ÿǰđìŠćกĆïǰ7.87ǰจćกêĆüĂ÷ŠćงกćĒôǰ20 กøĆöǰĒúąìĊęĂčèĀõĎöĉǰ40ǰĒúąǰ50ǰĂงýć

đซúđซĊ÷ÿǰĕéšøšĂ÷úąñúĕéšîĚĞćöĆîìĊęĔกúšđคĊ÷งกĆîǰคČĂǰ5.90ǰĒúąǰ6.22ǰêćöúĞćéĆïǰกćøđóĉęöĂčèĀõĎöĉìĞćĔĀšกćøÿกĆééĊขċĚîǰ

đîČęĂงจćกกćøđóĉęöĂčèĀõĎöĉđðŨîกćøđóĉęöคüćöéĆîĕĂขĂงîĚĞćöĆîจċงöĊĒîüēîšöìĊęจąìĞćĔĀšîĚĞćöĆîëĎกÿกĆéĕéšงŠć÷öćกขċĚîǰĒêŠĀćก

đóĉęöĂčèĀõĎöĉöćกđกĉîĕðจąÿŠงñúĔîìćงêøงกĆîขšćöǰđîČęĂงจćกกćøđóĉęöĂčèĀõĎöĉจąìĞćĔĀšคüćöĀîćĒîŠîขĂง
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คćøŤïĂîĕéĂĂกĕซéŤúéúงǰÿŠงñúĔĀšคüćöÿćöćøëĔîกćøìĞćúąúć÷ขĂงคćøŤïĂîĕéĂĂกĕซéŤúéúงจċงìĞćĔĀšøšĂ÷úąñúĕéšìĊę

ÿกĆéĕéšúéúงǰéĆงîĆĚîǰĂčèĀõĎöĉìĊęđĀöćąÿöÿĞćĀøĆïกćøìéúĂงîĊĚคČĂǰ60ǰĂงýćđซúđซĊ÷ÿ [10] 

 

øĎปทĊęǰ4.6 øšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęคüćöéĆîǰ200ǰïćøŤǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

 

øĎปทĊęǰ4.7 øšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęคüćöéĆîǰ300 ïćøŤǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

จćกøĎðìĊęǰ4.7ǰĒÿéงĔĀšđĀĘîüŠćđÿšîēคšงกćøÿกĆéîĚĞćöĆîìĊęคüćöéĆîǰ300ǰïćøŤǰĒúąìĊęĂčèĀõĎöĉǰ40 50ǰĒúąǰ60ǰĂงýć

đซúđซĊ÷ÿǰêćöúĞćéĆïǰéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰóïüŠćǰøšĂ÷úąñúĕéšขĂงกćøÿกĆéจąđóĉęöขċĚîêćöđüúćĒúą

óïüŠćđöČęĂĂčèĀõĎöĉđóĉęöขċĚîÿŠงñúĔĀšöĊøšĂ÷úąกćøÿกĆéđóĉęöขċĚîǰđชŠîđéĊ÷üกĆïกćøÿกĆéìĊęǰ200ǰïćøŤǰñúกćøÿกĆéĒÿéงéĆงøĎðìĊęǰ

4.7ǰóïüŠćøšĂ÷úąñúĕéšÿčéìšć÷ขĂงîĚĞćöĆîìĊęöćกìĊęÿčéคČĂìĊęĂčèĀõĎöĉǰ60ǰĂงýćđซúđซĊ÷ÿǰคČĂǰ8.11ǰจćกêĆüĂ÷ŠćงกćĒôǰ20 
กøĆöǰĒúąìĊęĂčèĀõĎöĉǰ40ǰĒúąǰ50ǰĂงýćđซúđซĊ÷ÿǰĕéšøšĂ÷úąñúĕéšîĚĞćöĆîìĊęĔกúšđคĊ÷งกĆîǰคČĂǰ6.99ǰĒúąǰ7.72ǰêćöúĞćéĆïǰซċęง

ĂčèĀõĎöĉìĊęđĀöćąÿöÿĞćĀøĆïกćøìéúĂงîĊĚคČĂǰ60ǰĂงýćđซúđซĊ÷ÿ 
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4.4 ผúขĂงคüćöดĆนตŠĂกćøÿกĆดนĚĞćöĆนดšü÷คćøŤบĂนĕดĂĂกĕซดŤõćüąđĀนČĂüĉกùต 
ĔîìĞćîĂงđéĊ÷üกĆîÿćöćøëđðøĊ÷ïđìĊ÷ïคüćöéĆîêŠĂøšĂ÷úąñúĕéšขĂงîĚĞćöĆîìĊęÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂ

üĉกùêǰงćîüĉจĆ÷îĊĚýċกþćñúขĂงคüćöéĆîìĊęǰ200 Ēúąǰ300 ïćøŤǰĒúąìĊęĂčèĀõĎöĉคงìĊęìĊęǰ40 ĂงýćđซúđซĊ÷ÿǰéĆงĒÿéงøĎðìĊęǰ4.8 
óïüŠćîĚĞćĀîĆกขĂงîĚĞćöĆîìĊęĕéšÿčéìšć÷öĊคüćöĒêกêŠćงกĆîĂ÷ŠćงöĊîĆ÷ÿĞćคĆญǰคČĂǰ5.90  Ēúąǰ6.99ǰìĊęคüćöéĆîǰ200 Ēúąǰ300 
ïćøŤǰêćöúĞćéĆïǰđîČęĂงจćกกćøđóĉęöขċĚîขĂงคüćöéĆîìĞćĔĀšคüćöĀîćĒîŠîขĂงคćøŤïĂîĕéĂĂกĕซéŤđóĉęöขċĚîǰคüćöÿćöćøëĔî

กćøúąúć÷ÿĎงขċĚîǰจċงìĞćĔĀšîĚĞćöĆîëĎกÿกĆéĂĂกöćĕéšđóĉęöขċĚîǰéĆงîĆĚîǰđóČęĂĔĀšĕéšøšĂ÷úąñúĕéšÿĎงÿčéǰคüćöéĆîǰ300 ïćøŤจċงđðŨî
คüćöéĆîìĊęđĀöćąÿöĔîกćøÿกĆéîĚĞćöĆîจćกคćøŤïĂîĕéĂĂกĕซéŤซċęงñúÿĂéคúšĂงìĆĚงĔîกćøìéúĂงìĊęĂčèĀõĎöĉǰ50 Ēúąǰ60 
ĂงýćđซúđซĊ÷ÿéšü÷ǰĒÿéงéĆงøĎðìĊęǰ4.9 Ēúąǰ4.10 êćöúĞćéĆï 

 
øĎปทĊęǰ4.8 øšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęĂčèĀõĎöĉǰ40 ĂงýćđซúđซĊ÷ÿǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

 

øĎปทĊęǰ4.9 øšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęĂčèĀõĎöĉǰ50 ĂงýćđซúđซĊ÷ÿǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 
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øĎปทĊęǰ4.10 øšĂ÷úąñúĕéšขĂงîĚĞćöĆîǰìĊęĂčèĀõĎöĉǰ60 ĂงýćđซúđซĊ÷ÿǰจćกกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùê 

4.5 ผúüĉđคøćąĀŤĂงคŤปøąกĂบขĂงนĚĞćöĆนทĊęÿกĆดĕดš 

 
øĎปทĊęǰ4.11ǰēคøöćēêĒกøöขĂงÿćøÿกĆéจćกđคøČęĂงǰGC-MS 

จćกøĎðìĊęǰ5.1ǰĕéšĒÿéงēคøöćēêĒกøöจćกกćøüĉđคøćąĀŤĂงคŤðøąกĂïĔîîĚĞćöĆîกćĒô óïüŠćĂงคŤðøąกĂïìĊęóïöćก
ìĊęÿčéĔîîĚĞćöĆîǰÿŠüîĔĀญŠđðŨîÿćøกúčŠö Pregnatrien ซċęงđðŨîĂîčóĆîíŤขĂงǰSteroids óïĔîđöúĘéóČชìĆęüĕð  
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บททĊęǰ5 

ÿøčปผúกćøทดúĂงĒúąขšĂđÿนĂĒนąĔนงćนüĉจĆ÷ 

5.1 ÿøčปผúกćøทดúĂง 
กćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêĔĀšñúĕéšìĊęîšĂ÷กüŠćกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêǰĂćจđðŨîđóøćą

đüúćìĊęĔชšĔîกćøÿกĆé÷ĆงĕöŠđóĊ÷งóĂǰÿĆงđกêจćกđÿšîēคšงกćøÿกĆé÷ĆงĕöŠคงìĊęǰĒúąกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂ

üĉกùêìĊęõćüąêŠćงėǰìĊęĂčèĀõĎöĉĒúąคüćöéĆîöćกกüŠćจąĔĀšøšĂ÷úąñúĕéšìĊęöćกกüŠćéšü÷ǰõćüąìĊęđĀöćąÿöĔîกćøÿกĆéîĚĞćöĆî

จćกđöúĘéกćĒôคĆęüéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰคČĂǰìĊęĂčèĀõĎöĉǰ60ǰĂงýćđซúđซĊ÷ÿǰĒúąคüćöéĆîǰ300ǰïćøŤ ǰ

îĂกจćกîĊĚđöČęĂîĞćîĚĞćöĆîกćĒôìĊęĕéšĕðêøüจüĆéĂงคŤðøąกĂïìćงđคöĊĔîîĚĞćöĆîǰóïüŠćǰÿŠüîĔĀญŠđðŨîÿćøกúčŠö Pregnatrien 
ซċęงđðŨîĂîčóĆîíŤขĂงǰSteroids óïĔîđöúĘéóČชìĆęüĕð 

5.2 ขšĂđÿนĂĒนąĔนงćนüĉจĆ÷ 
ĀúĆงจćกกćøÿกĆéîĚĞćöĆîìĆĚงǰ2ǰüĉíĊîĆĚîǰกćøÿกĆéđöúĘéกćĒôคĆęüéšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêคüøÿกĆéîĚĞćöĆî

จîîĚĞćĀîĆกขĂงîĚĞćöĆîคงìĊęǰđóČęĂìĊęจąìøćïđüúćìĊęĒîŠîĂîìĊęĔชšĔîกćøÿกĆéǰđîČęĂงจćกöĊกćøĔชšกćøÿกĆéĒïïซĂกÿŤđúêöćđðŨî

êĆüđðøĊ÷ïđìĊ÷ïøšĂ÷úąñúĕéšĔîกćøÿกĆéจćกคćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêǰéĆงîĆĚîคüøöĊกćøýċกþćñúขĂงêĆüìĞć

úąúć÷éšü÷ǰēé÷กćøđðúĊę÷îêĆüìĞćúąúć÷ìĊęĔชšĔîกćøÿกĆééšü÷đคøČęĂงซĂกÿŤđúêǰđชŠîǰđĂìćîĂúǰđóČęĂđðøĊ÷ïđìĊ÷ïøšĂ÷úą

ñúĕéšขĂงîĚĞćöĆîìĊęĕéšจćกêĆüìĞćúć÷ìĊęêŠćงกĆîüŠćêĆüìĞćúąúć÷ĔéĔĀšøšĂ÷úąñúĕéšìĊęéĊกüŠćกĆîǰÿćöćøëîĞćกćกกćĒôซċęงđðŨîข÷ą

จćกĂčêÿćĀกøøöกćĒôöćÿกĆéđðŨîîĚĞćöĆîจćกกćกกćĒôĒúąđðøĊ÷ïđìĊ÷ïñúจćกกćøÿกĆééšü÷đöúĘéกćĒôคĆęüïéǰđóČęĂýċกþć

êĆüĒðøĔîกćøÿกĆéǰìĆĚงđüúćǰĂčèĀõĎöĉǰĒúąคüćöéĆîǰøüöëċงýċกþćĂงคŤðøąกĂïĔîîĚĞćöĆîđðøĊ÷ïđìĊ÷ïกĆîǰìĆĚงîĊĚ÷ĆงđðŨîกćøúé

ðøĉöćèกćกกćĒôìĊęđðŨîข÷ąขĂงกøąïüîกćøñúĉêขĂงĂčêÿćĀกøøöกćĒôéšü÷ǰîĂกจćกîĊĚคüøüĉđคøćąĀŤĂงคŤðøąกĂïĔî

îĚĞćöĆîđóĉęöขċĚîǰđชŠîǰðøĉöćèÿćøðøąกĂïôŘîĂúǰคŠćĕĂēĂéĊîǰคŠćÿąóĂîĉôŗđคชĆęîǰđðŨîêšîǰđóČęĂđðŨîðøąē÷ชîŤĔîกćøîĞćîĚĞćöĆîìĊę

ĕéšจćกกćøÿกĆéĕðĔชšðøąē÷ชîŤĔîéšćîĂčêÿćĀกøøöǰ÷ćǰđคøČęĂงÿĞćĂćงǰĂČęîėǰĔîĂîćคêĂĊกêŠĂĕð 
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õćคผนüกǰก 

ผúกćøทดúĂง 

ตćøćงทĊęǰก.1ǰñúĕéšขĂงîĚĞćöĆîกćĒôēé÷üĉíĊกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêìĊęคüćöéĆîǰ200 ïćøŤǰ 

ĂčèĀõĎöĉ(ĂงýćđซúđซĊ÷ÿ) îĚĞćĀîĆกđöúĘéกćĒôคĆęüïéǰ(กøĆö) îĚĞćĀîĆกîĚĞćöĆîìĊęÿกĆéĕéšǰ(กøĆö) øšĂ÷úąñúĕéš  

40 20.0291 1.1816 5.90 
50 20.0830 1.2496 6.22 
60 20.3607 1.6020 7.87 

 

ตćøćงทĊęǰก.2ǰñúĕéšขĂงîĚĞćöĆîกćĒôēé÷üĉíĊกćøÿกĆééšü÷คćøŤïĂîĕéĂĂกĕซéŤõćüąđĀîČĂüĉกùêìĊęคüćöéĆîǰ300 ïćøŤǰ 

ĂčèĀõĎöĉ(ĂงýćđซúđซĊ÷ÿ) îĚĞćĀîĆกđöúĘéกćĒôคĆęüïéǰ(กøĆö) îĚĞćĀîĆกîĚĞćöĆîìĊęÿกĆéĕéšǰ(กøĆö) øšĂ÷úąñúĕéš 

40 20.3954 1.4258 6.99 
50 20.0589 1.5463 7.72 
60 20.8363 1.6907 8.11 
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