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The partition coefficient (K) between liquid-gas phases of ethanol could be easily obtained by

preparation of two identical vials filled with ethanolic solutions of different volumes. The headspace

samples were collected and injected into a gas chromatograph. The K obtained by solving two

mathematic equations for pure ethanolic solution equilibrated at 50 °C for 30 minutes was 3.013.

The obtained K value was then used to determine ethanol concentration in 25 brands of

alcoholic beverages. Without requiring any internal or external standardization, it was found that the

concentration of ethanol was approximately the same as they were labeled on the bottles. In this

study, sucrose (2 %w/v) in the ethanolic solution did not affect the K value. The maximum concentra-

tion of ethanol injected into a GC equipped with FID detector was still linear at 12 %(v/v). Thus, it was

concluded that the proposed method was simple and accurate.

Keywords : Alcoholic Beverage / Ethanol / Gas Chromatography / Headspace Technique /
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1. ∫∑π”

°“√«‘‡§√“–Àåª√‘¡“≥‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å¡’¥â«¬°—πÀ≈“¬«‘∏’ ´÷Ëß·µà≈–«‘∏’®”‡ªìπ µâÕß °—¥

‡Õ∑“πÕ≈ÕÕ°®“°µ—«Õ¬à“ß°àÕπ ‡™àπ°“√ °—¥µ—«Õ¬à“ß‚¥¬°“√°≈—Ëπ (distillation) [1] °“√ °—¥¥â«¬µ—«∑”≈–≈“¬ [2]

À√◊Õ pervaporation [3] √à«¡°—∫√–∫∫°“√©’¥ “√·∫∫ flow injection ‡æ◊ËÕπ” à«π∑’Ë °—¥‰¥â¡“«‘‡§√“–Àåª√‘¡“≥µàÕ

¥â«¬‡∑§π‘§µà“ßÊ ∑—Èß°“√«—¥∑“ß°“¬¿“æ (physical measurement) ‚¥¬„™â‰Œ‚¥√¡‘‡µÕ√å (hydrometer) °“√«—¥

‚¥¬ ‡ª§‚µ√ ‚§ªï∑’Ë§«“¡¬“«§≈◊Ëπ™à«ßÕ‘πø√“‡√¥À√◊Õ„°≈âÕ‘πø√“‡√¥ (infrared or near infrared spectroscopy)

[4, 5] °“√«—¥∑“ß‚§√¡“‚µ°√“øï ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï ∑’ËµàÕæà«ß°—∫‡§√◊ËÕßµ√«®«—¥™π‘¥

‡ø≈¡‰ÕÕÕ‰π‡´™—Ëπ (gas chromatography with flame ionization detector; GC-FID) [6, 7]

°“√«‘‡§√“–Àå “√¥â«¬ GC ‰¥â√—∫§«“¡π‘¬¡ Ÿß‡π◊ËÕß®“° “¡“√∂«‘‡§√“–Àå “√‰¥âÕ¬à“ß·¡àπ¬” ¿“¬„π‡«≈“

Õ—π√«¥‡√Á«‚¥¬„™âª√‘¡“≥ “√µ—«Õ¬à“ßπâÕ¬ °“√«‘‡§√“–Àå¥â«¬ GC ∑’Ë„™â§Õ≈—¡πå·∫∫·æ§ ‡ªìπ«‘∏’¡“µ√∞“π«‘∏’Àπ÷Ëß´÷Ëß

AOAC °”Àπ¥„Àâ„™â„π°“√«‘‡§√“–Àåª√‘¡“≥·Õ≈°ÕŒÕ≈å [8] ÷́Ëß Wang ·≈–§≥– [7] ‰¥âπ”¡“„™â„π°“√«‘‡§√“–Àå

ª√‘¡“≥‡¡∑“πÕ≈·≈–‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å¥â«¬ GC ∑’Ë„™â “√ 2 ™π‘¥§◊Õ 2-pentanol ·≈–

acetonitrile ‡ªìπ “√¡“µ√∞“π¿“¬„π ‚¥¬°“√©’¥ “√≈–≈“¬µ—«Õ¬à“ß∑’Ë‡®◊Õ®“ß‡¢â“·§æ‘≈≈“√’§Õ≈—¡πå¢π“¥„À≠à

(mega-pore capillary column; CP-Wax 58 CB) ‚¥¬µ√ß·≈â«µ√«®«—¥¥â«¬‡§√◊ËÕßµ√«®«—¥ FID ÷́Ëß«‘∏’π◊È∑”„Àâ

 “¡“√∂«‘‡§√“–Àå “√µ—«Õ¬à“ß‰¥âÕ¬à“ß√«¥‡√Á«¿“¬„π‡«≈“ 12 π“∑’

Õ¬à“ß‰√°Áµ“¡°“√µ√«®«—¥ “√¥â«¬ GC ¡’¢âÕ®”°—¥§◊Õ “√µ—«Õ¬à“ß∑’Ëπ”¡“«‘‡§√“–ÀåµâÕß –Õ“¥·≈– “¡“√∂

√–‡À¬°≈“¬‡ªìπ‰Õ À√◊Õ‡ª≈’Ë¬π„ÀâÕ¬Ÿà„π√ŸªÕπÿæ—π∏å∑’Ë√–‡À¬°≈“¬‡ªìπ‰Õ‰¥â∑—ÈßÀ¡¥‰¡à‡™àππ—Èπ®–°àÕ„Àâ‡°‘¥°“√ – ¡

¢Õß ‘Ëß‡®◊Õªπ ·≈– “√∑’Ë‰¡à√–‡À¬Õ¬Ÿà¿“¬„π∫√‘‡«≥©’¥ “√ (injector) ·≈– à«πµâπ¢Õß§Õ≈—¡πå∑”„Àâ§Õ≈—¡πå‡ ◊ËÕ¡‰¥âßà“¬

·≈–Õ“® àßº≈„Àâ°“√«‘‡§√“–Àåº‘¥æ≈“¥‰¥â ¥—ßπ—Èπ°“√‡µ√’¬¡ “√µ—«Õ¬à“ß∑’Ë®–π”¡“«‘‡§√“–Àå¥â«¬ GC ‚¥¬‡©æ“–

 “√∑’ËµâÕß°“√«‘‡§√“–Àå´÷Ëß¡’ª√‘¡“≥µË” À√◊Õ “√µ—«Õ¬à“ß®“°∏√√¡™“µ‘∑’Ë¡’Õß§åª√–°Õ∫´—∫´âÕπ ‡™àπ “√„Àâ°≈‘Ëπ

(flavor) ®“°¥Õ°‰¡â º≈‰¡â °“√µ√«® Õ∫ “√„Àâ°≈‘Ëπ„πÕ“À“√ À√◊Õ “√∫“ß™π‘¥∑’Ë “¡“√∂∫àß™’È∂÷ß°“√‡πà“‡ ’¬¢Õß

Õ“À“√ [9-13] ®÷ßπ‘¬¡„™â‡∑§π‘§°“√‡µ√’¬¡ “√∑’Ë‡√’¬°«à“‡Œ¥ ‡ª  (headspace (HS) sampling technique) ´÷Ëß

‡ªìπ°“√ °—¥ “√„π«—Ø¿“§·°ä  (vapor phase extraction) ∑’Ë‡°‘¥®“°°“√·∫àß≈–≈“¬ (partitioning) √–À«à“ß

«—Ø¿“§¢Õß‡À≈«À√◊Õ¢Õß·¢Áß∑’Ë‰¡à√–‡À¬ (non-volatile liquid or solid phase) °—∫«—Ø¿“§·°ä  (vapor phase)

‡Àπ◊Õ¢Õß‡À≈«À√◊Õ¢Õß·¢Áßπ—Èπ °“√‡°Á∫µ—«Õ¬à“ß “√¥â«¬‡∑§π‘§π’È¡’∑—Èß·∫∫ static- ·≈– dynamic HS ‡∑§π‘§∑’Ë

‡√’¬°«à“ solid phase microextraction (SPME) √«¡∑—Èß‡∑§π‘§Õ◊ËπÊ [14] ‡æ◊ËÕπ”‰ª«‘‡§√“–ÀåµàÕ¥â«¬ GC

°“√·∫àß≈–≈“¬¢Õß “√™π‘¥„¥™π‘¥Àπ÷Ëß∑’Ë¿“«– ¡¥ÿ≈ (equilibrium state) √–À«à“ß 2 «—Ø¿“§®–¡’§à“§ß∑’Ë

‡ ¡Õ∑’Ë¿“«–§«“¡¥—π·≈–Õÿ≥À¿Ÿ¡‘®”‡æ“–Àπ÷Ëß ´÷Ëß “¡“√∂∫Õ°‰¥â¥â«¬§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬ (partition

coefficient; K) ‚¥¬§à“ K ∂◊Õ‡ªìπ§à“‡©æ“–µ—«∑’Ë· ¥ß§ÿ≥ ¡∫—µ‘¢Õß “√π—ÈπÊ ‰¥â¡’°“√π”§à“ K ¡“„™âª√–‚¬™πå‰¥â

¡“°¡“¬ ‡™àπ°“√ °—¥ “√ ”§—≠∑’Ë¡’ƒ∑∏‘Ï∑“ß¬“ÕÕ°®“°µ—«Õ¬à“ß∑—Èß∑’Ë‡ªìπ¢Õß·¢ÁßÀ√◊Õ¢Õß‡À≈«¥â«¬µ—«∑”≈–≈“¬

Katritzky ·≈–§≥– [15] ‰¥âπ”§à“ K ¢Õß “√ª√–°Õ∫Õ‘π∑√’¬å∑’Ë√–‡À¬‰¥â„π¬“√—°…“‚√§À√◊Õ„π‡≈◊Õ¥ ¡“„™âÕ∏‘∫“¬

≈—°…≥–∑“ß‡¿ —™®≈»“ µ√å¢Õß¬“‡¡◊ËÕ‡¢â“ Ÿà√à“ß°“¬ ‚¥¬„™âÕÕ°∑“πÕ≈‡ªìπµ—«·∑π‡æ◊ËÕ»÷°…“§«“¡ “¡“√∂„π°“√
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≈–≈“¬¢Õß “√ª√–°Õ∫Õ‘π∑√’¬å„π¢Õß‡À≈«∑’Ë‡ªìπ°≈“ß À√◊Õ°“√„™âª√–‚¬™πå¢Õß§à“ K ¡“‚¬ß§«“¡ —¡æ—π∏å°—∫µ—«

·ª√Õ◊ËπÊ ‰¥â·°àÕÿ≥À¿Ÿ¡‘·≈–®”π«π§“√å∫Õπ¢Õß “√ [16] ‡æ◊ËÕ √â“ß ¡°“√∑’Ëπ”¡“„™â„π°“√∑”π“¬°“√‡§≈◊ËÕπ∑’Ë

¢Õß “√„π GC ‚¥¬‰¡àµâÕß„™â “√Õâ“ßÕ‘ß‡ªìπµâπ

°“√À“§à“ K ‚¥¬Õ“»—¬À≈—°¢Õß‡Œ¥ ‡ª   “¡“√∂∑”‰¥â∑—Èß„π√–∫∫ static- ·≈– dynamic HS-GC ·µà„π

∑“ßªØ‘∫—µ‘√–∫∫ static ®–„Àâ§«“¡ –¥«°°«à“¡“°‡π◊ËÕß®“° “¡“√∂§«∫§ÿ¡ªí®®—¬¢ÕßÕÿ≥À¿Ÿ¡‘‚¥¬°“√§«∫§ÿ¡

Õÿª°√≥å§◊ÕÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (water bath) ‡æ’¬ßÕ¬à“ß‡¥’¬«‡∑à“π—Èπ‡æ◊ËÕ∑”„Àâ “√‡¢â“ Ÿà¿“«– ¡¥ÿ≈ „π¢≥–∑’Ë√–∫∫

dynamic ®”‡ªìπµâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢Õß·°ä µ—«æ“¥â«¬ Õ¬à“ß‰√°Áµ“¡°“√À“§à“ K ¢Õß “√®”‡ªìπµâÕßµ√«®«—¥

§«“¡‡¢â¡¢âπ¢Õß “√„π·µà≈–«—Ø¿“§∑’Ë®ÿ¥ ¡¥ÿ≈ ´÷Ëß«‘∏’°“√·≈–¢—ÈπµÕπ§àÕπ¢â“ß¬ÿàß¬“° ‚¥¬‡©æ“–°“√µ√«®«—¥

ª√‘¡“≥ “√„πµ—«Õ¬à“ß¢Õß‡À≈«∑’Ë¡’Õß§åª√–°Õ∫ —́∫´âÕπ [17] «‘∏’∑’Ëßà“¬¢÷Èπ§◊Õ°“√π” à«π·°ä ¢Õß “√¡“µ√∞“π

¿“¬πÕ°¡“ √â“ß‡ªìπ°√“ø¡“µ√∞“π‡æ◊ËÕ§”π«≥À“§«“¡‡¢â¡¢âπ¢Õß “√„π«—Ø¿“§·°ä   à«π§«“¡‡¢â¡¢âπ¢Õß “√

„πµ—«Õ¬à“ßÀ“‰¥â®“°§«“¡·µ°µà“ß¢Õßª√‘¡“≥∑—ÈßÀ¡¥„π¿“™π–ªî¥¢π“¥‡≈Á° (vial) Õ¬à“ß‰√°Áµ“¡ «‘∏’°“√π’È®”‡ªìπ

µâÕß∑√“∫§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß “√„πµ—«Õ¬à“ß [18] °“√À“§à“ K ́ ÷Ëß‡ πÕ‚¥¬ Ettre ·≈–§≥– [19, 20]  ∑’Ë‡√’¬°«à“

phase ratio variation method (PRV) ‚¥¬Õ“»—¬§«“¡ —¡æ—π∏å√–À«à“ß K ∑’Ë‰¥â®“°°“√«—¥æ◊Èπ∑’Ë„µâæ’§¢Õß GC (peak

area) °—∫Õ—µ√“ à«π«—Ø¿“§ (phase ratio) ¢Õß “√∑’Ë∫√√®ÿÕ¬Ÿà„π vial ¡’¢âÕ¥’§◊Õ‰¡àµâÕß„™â “√¡“µ√∞“π∑—Èß¿“¬„π

·≈–¿“¬πÕ°„π°“√µ√«®«—¥ª√‘¡“≥ “√  ·µà®”‡ªìπµâÕßµ√«®«—¥ “√∑’Ë¡’Õ—µ√“ à«π«—Ø¿“§µà“ßÊ °—πÕ¬à“ßπâÕ¬ 4 §à“

‡æ◊ËÕπ”¡“ √â“ß°√“ø¡“µ√∞“π [21, 22] ´÷Ëß Chai ·≈– Zhu [23] ‰¥âæ—≤π“À≈—°°“√π’È„π°“√»÷°…“§à“ ¡¥ÿ≈¢Õß

 “√√–À«à“ß«—Ø¿“§·°ä -¢Õß‡À≈« (vapor-liquid phase equilibrium) ‚¥¬«‘‡§√“–Àåµ—«Õ¬à“ß´÷Ëß¡’§«“¡‡¢â¡¢âπ‡∑à“

°—π∫√√®ÿ„π vial ∑’Ëª√‘¡“µ√µà“ß°—π ·≈â«§”π«≥§à“ K ‚¥¬°“√·°â ¡°“√∑“ß§≥‘µ»“ µ√å

∂÷ß·¡â«à“ªí®®ÿ∫—ππ’È°“√«‘‡§√“–Àåª√‘¡“≥‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡µ“¡∑âÕßµ≈“¥®–¡’«‘∏’Õ◊ËπÊ ∑’Ë –¥«°√«¥‡√Á« √“§“

‰¡à·æß·≈–‰¡àµâÕß°“√§«“¡·¡àπ¬” Ÿß¡“°π—° ·µà°“√„™â GC „π°“√«‘‡§√“–Àå°Á¬—ß¡’ª√–‚¬™πå∑“ß Forensic ‡æ◊ËÕ

À“ª√‘¡“≥‡Õ∑“πÕ≈„πµ—«Õ¬à“ß™’«¿“æ (biological sample) ‡™àπ„π‡≈◊Õ¥À√◊Õªí  “«– ‡ªìπµâπ πÕ°®“°π’È·π«

§«“¡§‘¥‡√‘Ë¡µâπ¢Õßß“π«‘®—¬π’È§◊Õ‡æ◊ËÕµâÕß°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥‡Õ∑“πÕ≈‚¥¬Õ“»—¬§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß

≈–≈“¬ (K) √à«¡°—∫°“√„™â GC ¡“µ‘¥µ“¡ª√‘¡“≥‡Õ∑“πÕ≈„π∂—ßÀ¡—°‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å ·≈–¬—ßÕ“®π”‰ª„™â„π

°“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß°“√º≈‘µ‡§√◊ËÕß¥◊Ë¡™π‘¥π’È‰¥â

„π√“¬ß“π«‘®—¬©∫—∫π’È ®÷ßπ”‡ πÕ«‘∏’°“√«‘‡§√“–Àåª√‘¡“≥‡Õ∑“πÕ≈¢—Èπµâπ„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∑’Ë¡’

®”Àπà“¬„π∑âÕßµ≈“¥¥â«¬‡∑§π‘§·°ä ‚§√¡“‚µ°√“øï ´÷Ëß¡’°“√‡µ√’¬¡ “√µ—«Õ¬à“ß‚¥¬Õ“»—¬À≈—°°“√·∫àß≈–≈“¬À√◊Õ

§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬ (K) ¢Õß‡Õ∑“πÕ≈√–À«à“ß«—Ø¿“§¢ÕßπÈ”·≈–«—Ø¿“§¢Õß·°ä „π√–∫∫ static

headspace ‚¥¬‰¡àÕ“»—¬ “√Õâ“ßÕ‘ß·µà®–„™â«‘∏’·°â ¡°“√∑“ß§≥‘µ»“ µ√å‡æ◊ËÕ«‘‡§√“–ÀåÀ“§à“ K ·≈â«π”‰ªÀ“§«“¡

‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å √«¡∑—Èß»÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ§à“ K ¢Õß‡Õ∑“πÕ≈„π “√≈–≈“¬

µ—«Õ¬à“ß
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2. ∑ƒ…Æ’

§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß “√√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§·°ä  “¡“√∂À“‰¥â®“°§«“¡ —¡æ—π∏å

¥—ß ¡°“√∑’Ë (1)

(1)

À√◊Õ

(2)

‡¡◊ËÕ K §◊Õ§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß “√ CL, ML ·≈– VL §◊Õ§«“¡‡¢â¡¢âπ ¡«≈ ·≈–ª√‘¡“µ√¢Õß

 “√„π«—Ø¿“§¢Õß‡À≈« CG, MG ·≈– VG §◊Õ§«“¡‡¢â¡¢âπ ¡«≈ ·≈–ª√‘¡“µ√¢Õß “√„π«—Ø¿“§·°ä  µ“¡≈”¥—∫

„π°√≥’¢Õß‡À≈«´÷Ëß¡’§«“¡‡¢â¡¢âπ‡∑à“°—π∫√√®ÿ„π¿“™π–ªî¥¢π“¥‡≈Á° (closed vial) ¥â«¬ª√‘¡“µ√µà“ß°—π

 “¡“√∂·∑π§à“µ—«·ª√„π ¡°“√∑’Ë (2) ·≈–·°â ¡°“√∑“ß§≥‘µ»“ µ√å‡æ◊ËÕÀ“ª√‘¡“≥ “√∑—ÈßÀ¡¥„π∑—Èß Õß«—Ø¿“§

‰¥â¥—ßπ’È§◊Õ

‡¡◊ËÕ°”Àπ¥„Àâ

Y ª√‘¡“≥ “√∑—ÈßÀ¡¥∑’Ë¡’Õ¬Ÿà„π∑—Èß Õß«—Ø¿“§¢Õß¿“™π–ªî¥™ÿ¥∑’Ë 1 ´÷Ëß¡’ª√‘¡“µ√¢Õß‡À≈«‡∑à“°—∫ VL1

X1 ª√‘¡“≥ “√„π™—Èπ¢Õß·°ä  (vapor phase) „π¿“™π–ªî¥™ÿ¥∑’Ë 1

X2 ª√‘¡“≥ “√„π™—Èπ¢Õß·°ä „π¿“™π–ªî¥™ÿ¥∑’Ë 2

a Õ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß‡À≈«„π¿“™π–ªî¥™ÿ¥∑’Ë 2 µàÕ™ÿ¥∑’Ë 1 (VL2/VL1)

K §à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß “√

·∑π§à“µ—«·ª√∑’Ë‰¥â®“°°“√«—¥ª√‘¡“≥ “√„π™—Èπ·°ä ·µà≈–§√—Èß≈ß„π ¡°“√ (2)

°“√«—¥ª√‘¡“≥ “√„π™—Èπ·°ä ™ÿ¥∑’Ë 1 (3)

°“√«—¥ª√‘¡“≥ “√„π™—Èπ·°ä ™ÿ¥∑’Ë 2 (4)

§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß “√√–À«à“ß Õß«—Ø¿“§®”‡æ“–Àπ÷ËßÊ ∑’Ë¿“«–§«“¡¥—π ·≈–Õÿ≥À¿Ÿ¡‘§ß∑’Ë

¡’§à“§ß∑’Ë π—Ëπ§◊Õ K1 = K2 ¥—ßπ—Èπ

(5)

‡π◊ËÕß®“°°“√‡°Á∫µ—«Õ¬à“ß “√„π«—Ø¿“§·°ä ∑”„π¿“™π–ªî¥∑’Ë¡’ª√‘¡“µ√·πàπÕπ ·≈–ª√‘¡“≥ “√ (X1/X2)

·ª√º—π‚¥¬µ√ß°—∫æ◊Èπ∑’Ë„µâæ’§ (peak area; A) ∑’Ë‰¥â®“°°“√«—¥¥â«¬ GC ¥—ßπ—Èπ®÷ß “¡“√∂·∑π§à“ X1 ·≈– X2 ¥â«¬§à“

A1 ·≈– A2 ‰¥â‚¥¬µ√ß ¥—ßπ—Èπ

K  =
CL

CG

K  =
ML

VL

VG

MG

×

K1  =
Y-X1
VL1

VG1
X1

K2  =
aY-X2
VL2

VG2
X2

=Y-X1
VL1

VG1
X1

aY-X2
VL2

VG2
X2
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(6)

¥—ßπ—Èπ (7)

‡¡◊ËÕ F1, F2 §◊Õ§à“§ß∑’Ë; F1

§à“ Y ∑’Ë‰¥â®“° ¡°“√ (7)  “¡“√∂π”‰ª·∑π§à“≈ß„π ¡°“√ (3) À√◊Õ  ¡°“√ (4) ‡æ◊ËÕÀ“§à“ K ¢Õß “√µàÕ‰ª

3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

3.1 «— ¥ÿÕÿª°√≥å

3.1.1  “√µ—«Õ¬à“ß

‡Õ∑“πÕ≈ 99.8% (ethanol; CH3CH2OH) analytical grade ®“°∫√‘…—∑·≈Á∫ ·°π ‡Õ‡™’¬ ®”°—¥

ª√–‡∑»‰∑¬ µ—«Õ¬à“ß‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å™π‘¥µà“ßÊ À“´◊ÈÕ®“°∑âÕßµ≈“¥

3.1.2 §Õ≈—¡πå

„π°“√∑¥≈Õß„™â·§æ‘≈“√’§Õ≈—¡πå Supelcowax-10 ∑’Ë‡§≈◊Õ∫¥â«¬«—Ø¿“§π‘Ëß™π‘¥¡’¢—È« (Poly

ethylene glycol) ¢π“¥ 30 ‡¡µ√ x 0.53 ¡‘≈≈‘‡¡µ√ x 0.50 ‰¡‚§√‡¡µ√ ®“°∫√‘…—∑ Supelco Co., Ltd. ª√–‡∑»

 À√—∞Õ‡¡√‘°“

3.1.3 ·°ä ‚§√¡“‚µ°√“øï

„™â‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï√ÿàπ Shimadzu 17A ¡’‡§√◊ËÕßµ√«®«—¥·∫∫ flame ionization

detector (FID) ∑—ÈßÀ¡¥®“°∫√‘…—∑™‘¡—∑´÷ ª√–‡∑»≠’ËªÿÉπ „™â√–∫∫°“√©’¥ “√·∫∫‰¡àª≈àÕ¬ “√∑‘Èß (splitles

injection) ‚¥¬¡’·°ä ‰π‚µ√‡®π‡ªìπ·°ä µ—«æ“∑’ËÕ—µ√“°“√‰À≈ 0.5-1.5 ¡¡./π“∑’ Õÿ≥À¿Ÿ¡‘¢Õß à«π©’¥ “√·≈– ‡§√◊ËÕß

µ√«®«—¥ 180 °´ Õÿ≥À¿Ÿ¡‘¢Õß§Õ≈—¡πå 50 °´

3.2 °“√‡µ√’¬¡ “√µ—«Õ¬à“ß

3.2.1 °“√‡µ√’¬¡ “√¡“µ√∞“π‡æ◊ËÕÀ“§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬

‡®◊Õ®“ß‡Õ∑“πÕ≈∫√‘ ÿ∑∏‘Ï¥â«¬πÈ”°≈—Ëπ„Àâ‰¥â§«“¡‡¢â¡¢âπ√âÕ¬≈– 1 (ª√‘¡“µ√/ª√‘¡“µ√) ∑’ËÕÿ≥À¿Ÿ¡‘

25 °´ ‡æ◊ËÕ„™â‡ªìπ “√≈–≈“¬¡“µ√∞“π ¥Ÿ¥ “√≈–≈“¬∑’Ë‰¥â„ à vial ¢π“¥ 5 ¡≈. ®”π«π 2 ™ÿ¥ ‚¥¬™ÿ¥·√°„ à

 “√≈–≈“¬ª√‘¡“µ√ 1 ¡≈. ·≈–™ÿ¥∑’Ë 2 ª√‘¡“µ√ 2 ¡≈. ªî¥ºπ÷°¥â«¬Ω“‡°≈’¬«∑’Ë¡’ septum ™π‘¥ teflon on silicone

=Y-A1
VL1

V-VL1
A1

V-VL2
A2

aY-A2
VL2

Y  =
F1F2A2 - A1
a-F1F2 - 1

·≈– F2  =
A1
A2

VL1
VL2

V-VL2
V-VL1
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∫à¡ (incubate) vial „π dry block heater ∑’ËÕÿ≥À¿Ÿ¡‘ 50 °´ ‚¥¬¡’°“√‡¢¬à“ vial ∑ÿ° 5 π“∑’

‡ªìπ‡«≈“ 30 π“∑’ ‡¡◊ËÕ§√∫°”Àπ¥‡«≈“ ¥Ÿ¥µ—«Õ¬à“ß à«π∑’Ë‡ªìπ·°ä ª√‘¡“µ√ 1 ‰¡‚§√≈‘µ√ ¥â«¬‡¢Á¡©’¥ “√ (gas

tight syringe) ©’¥‡¢â“‡§√◊ËÕß GC

3.2.2 °“√‡µ√’¬¡µ—«Õ¬à“ß‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å

π”µ—«Õ¬à“ß‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å™π‘¥µà“ßÊ ¡“‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπ„Àâ¡’§«“¡‡¢â¡¢âπ‡∑à“°—∫√âÕ¬≈–

1 (ª√‘¡“µ√/ª√‘¡“µ√) ∑’ËÕÿ≥À¿Ÿ¡‘ 25 °´ ¥Ÿ¥ “√≈–≈“¬∑’Ë‰¥â„ à vial ¢π“¥ 5 ¡≈. ª√‘¡“µ√ 1 ¡≈. ·≈â«∑”°“√

∑¥≈Õß‡™àπ‡¥’¬«°—∫ “√≈–≈“¬¡“µ√∞“π‡Õ∑“πÕ≈

4. º≈°“√«‘®—¬·≈–«‘®“√≥åº≈

4.1 §à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬ (K) ¢Õß‡Õ∑“πÕ≈√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–·°ä 

ª√‘¡“≥‡Õ∑“πÕ≈∑—ÈßÀ¡¥ (Y) „π√Ÿª¢Õßæ◊Èπ∑’Ë„µâæ’§ “¡“√∂À“‰¥â®“° ¡°“√∑’Ë (7) ¥—ß· ¥ßº≈„πµ“√“ß∑’Ë

1 ‡¡◊ËÕ∑√“∫ª√‘¡“≥ “√∑—ÈßÀ¡¥·≈â« “¡“√∂π”°≈—∫‰ª·∑π§à“≈ß„π ¡°“√ (3) À√◊Õ (4) ‡æ◊ËÕ§”π«≥À“§à“ K ¢Õß

‡Õ∑“πÕ≈ √–À«à“ß«—Ø¿“§¢Õß‡À≈« ·≈–·°ä ´÷Ëß¡’§à“‡∑à“°—∫ 3.013

µ“√“ß∑’Ë 1 · ¥ßæ◊Èπ∑’Ë„µâæ’§¢Õß°“√©’¥‡Õ∑“πÕ≈ ÷́ËßÕ¬Ÿà„π«—Ø¿“§·°ä ™ÿ¥∑’Ë 1 ·≈–™ÿ¥∑’Ë 2 ´÷Ëß

¡’æ◊Èπ∑’Ë‡∑à“°—∫ A1 ·≈– A2 µ“¡≈”¥—∫ √«¡∑—Èßª√‘¡“≥‡Õ∑“πÕ≈∑—ÈßÀ¡¥∑’Ë§”π«≥

‰¥â®“° ¡°“√ (7)

°“√∑” È́” A1 A2 ‡Õ∑“πÕ≈∑—ÈßÀ¡¥ (Y) §‘¥‡ªìπæ◊Èπ∑’Ë„µâæ’§

§√—Èß∑’Ë 1 1,010,716 1,176,471 1,776,084
§√—Èß∑’Ë 2 1,012,587 1,180,562 1,774,163
§√—Èß∑’Ë 3 1,015,250 1,184,285 1,777,156
§à“‡©≈’Ë¬ 1,012,851 1,180,439 1,775,801

À¡“¬‡Àµÿ ª√‘¡“µ√√«¡ (V) 5 ¡≈.; VL1 = 1 ¡≈.; VL2 = 2 ¡≈. ; ·≈– “√≈–≈“¬‡®◊Õ®“ß 100 ‡∑à“

§à“ K ∑’Ë‰¥âπ’È‡ªìπ§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß‡Õ∑“πÕ≈√–À«à“ß Õß«—Ø¿“§ ≥ ®ÿ¥ ¡¥ÿ≈´÷Ëß‰¥â

®“°°“√‡µ√’¬¡µ—«Õ¬à“ßª√‘¡“µ√ 1-2 ¡≈. ∑’Ë§«“¡¥—π∫√√¬“°“» Õÿ≥À¿Ÿ¡‘ 50 °´ „π¿“«–∑’Ë¡’°“√‡¢¬à“ vial ‡ªìπ‡«≈“

30 π“∑’ °“√∑¥≈Õß·ª√‡ª≈’Ë¬π√–¬–‡«≈“„π°“√‡¢¬à“ vial (´÷Ëß‰¡à‰¥â· ¥ßº≈°“√∑¥≈Õß‰«â„π∑’Ëπ’È) æ∫«à“¡’º≈∑”„Àâ

§à“ K ∑’Ë‰¥â‡ª≈’Ë¬π·ª≈ß‰ª¥â«¬ ‚¥¬æ∫«à“∑’Ë‡«≈“ ¡“°°«à“ 25 π“∑’ §à“ K ¡’§à“§ß∑’Ë · ¥ß«à“‡Õ∑“πÕ≈‰¥â‡¢â“ Ÿà¿“«–

 ¡¥ÿ≈·≈â« ¥—ßπ—Èπ„π∑’Ëπ’È®÷ß‡≈◊Õ°‡«≈“∑’Ë„™â„π°“√‡¢¬à“ vial ‡∑à“°—∫ 30 π“∑’ Õ¬à“ß‰√°Áµ“¡À“°µâÕß°“√≈¥√–¬–‡«≈“

„π°“√‡µ√’¬¡ “√≈ß “¡“√∂∑”‰¥â‚¥¬ª√—∫‡ª≈’Ë¬π¿“«–∑’Ë„™â„π°“√∑¥≈Õß „πß“π«‘®—¬¢Õß Strassnig ·≈– Lankmayr

[24] «‘‡§√“–Àåª√‘¡“≥‡Õ∑“πÕ≈∑’Ë‰¥â®“°°“√‡°Á∫µ—«Õ¬à“ß·∫∫ static HS „π “√≈–≈“¬ human albumin æ∫«à“

¿“«– ¡¥ÿ≈¢Õß “√µ—«Õ¬à“ßª√‘¡“≥ 2 ¡≈. ∑’ËÕÿ≥À¿Ÿ¡‘ 60 °´ „™â‡«≈“‡æ’¬ß 10 π“∑’ ‡∑à“π—Èπ
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4.2 °“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß§à“ K „π “√≈–≈“¬¡“µ√∞“π‡Õ∑“πÕ≈

°“√∑¥ Õ∫«à“§à“ K ¢Õß “√≈–≈“¬‡Õ∑“πÕ≈¡“µ√∞“π ∑’ËÀ“‰¥â®“°°“√·°â ¡°“√∑“ß§≥‘µ»“ µ√å ¡°“√

(7) ¡’§«“¡∂Ÿ°µâÕß·≈–‡™◊ËÕ∂◊Õ‰¥â ∑”‚¥¬°“√‡°Á∫µ—«Õ¬à“ß‡Õ∑“πÕ≈„π«—Ø¿“§·°ä ¢Õß “√≈–≈“¬¡“µ√∞“π‡Õ∑“πÕ≈

∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 2, 3, 4 ·≈– 5 ∑’Ë‰¥â®“°°“√‡µ√’¬¡µ—«Õ¬à“ß‡™àπ‡¥’¬«°—∫À—«¢âÕ 3.2.1 ‚¥¬„™âª√‘¡“µ√¢Õß

 “√≈–≈“¬ 1 ¡≈. π”§à“ K ´÷Ëß‰¥â¡“®“° “√≈–≈“¬‡Õ∑“πÕ≈¡“µ√∞“π§«“¡‡¢â¡¢âπ√âÕ¬≈– 1 π’È‰ª„™â„π°“√

À“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡Õ∑“πÕ≈¡“µ√∞“π∑’Ë§«“¡‡¢â¡¢âπÕ◊ËπÊ ¥—ßµ—«Õ¬à“ß„π “√≈–≈“¬¡“µ√∞“π‡Õ∑“πÕ≈

√âÕ¬≈– 2 ´÷Ëß¡’æ◊Èπ∑’Ë„µâæ’§ (A) ‡∑à“°—∫ 2,037,644  “¡“√∂§”π«≥ª√‘¡“≥‡Õ∑“πÕ≈∑—ÈßÀ¡¥‰¥â¥—ß ¡°“√¥â“π≈à“ß

·≈–· ¥ßº≈‰«â„πµ“√“ß∑’Ë 2

®“°

‰¥âª√‘¡“≥‡Õ∑“πÕ≈∑—ÈßÀ¡¥§‘¥‡ªìπæ◊Èπ∑’Ë„µâæ’§ Y = 3,572,499 ÷́Ëß§‘¥‡ªìπ§«“¡‡¢â¡¢âπ¢Õß ‡Õ∑“πÕ≈‰¥â‡∑à“°—∫

√âÕ¬≈– 2.01

µ“√“ß∑’Ë 2 ª√‘¡“≥‡Õ∑“πÕ≈∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ ´÷Ëß‰¥â®“°°“√§”π«≥‚¥¬„™â§à“ K ¢Õß‡Õ∑“πÕ≈

∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 1

2 2,037,644 2.012 0.012
3 3,052,959 3.014 0.014
4 4,095,287 4.043 0.043

5 5,087,583 5.023 0.023

 “√≈–≈“¬¡“µ√∞“π
‡Õ∑“πÕ≈ (%)

æ◊Èπ∑’Ë„µâæ’§ (A)
§«“¡‡¢â¡¢âπ

∑’Ë§”π«≥‰¥â (%) º≈ H2 (%)

À¡“¬‡Àµÿ: K = 3.013; æ◊Èπ∑’Ë„µâæ’§‰¥â®“°°“√§à“‡©≈’Ë¬¢Õß°“√‡°Á∫¢âÕ¡Ÿ≈ 3 ´È”; §«“¡‡¢â¡¢âπ∑’Ë§”π«≥‰¥â§‘¥
‡∑’¬∫®“°æ◊Èπ∑’Ë„µâæ’§´÷Ëß§”π«≥‰¥â®“°§«“¡‡¢â¡¢âπ∑’Ë√âÕ¬≈– 1 (Y = 1,775,801)

®“°µ“√“ß∑’Ë 2 · ¥ß„Àâ‡ÀÁπ«à“§à“ K ∑’ËÀ“‰¥â‚¥¬„™â ¡°“√∑’Ë (2) √à«¡°—∫°“√·°â ¡°“√∑“ß§≥‘µ»“ µ√å

 “¡“√∂π”¡“„™â„π°“√À“ª√‘¡“≥‡Õ∑“πÕ≈„π “√≈–≈“¬¡“µ√∞“πÕ◊ËπÊ ÷́Ëßπà“®–π”‰ª„™âª√–‚¬™πå„π°“√À“

ª√‘¡“≥‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∑’Ë¡’®”Àπà“¬„π∑âÕßµ≈“¥‰¥â

K  = =
ML

VL

VG

MG

× ×
Y-A
VL

V-VL
A

3.013  = Y-2037644
1

4
2037644
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4.3 °“√À“ª√‘¡“≥‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å

    ‰¥âπ”µ—«Õ¬à“ß‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∑’Ë‰¡à¡’·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å‡ªìπ à«πº ¡™π‘¥µà“ßÊ ´÷Ëß¡’¢“¬„π

∑âÕßµ≈“¥‰¥â·°à °≈ÿà¡ ÿ√“°≈—Ëπ  ÿ√“º ¡ «‘ °’È  “‚∑ ¬‘π ‰«πå ·≈–√—¡ ¡“«‘‡§√“–ÀåÀ“ª√‘¡“≥‡Õ∑“πÕ≈∑’Ë¡’„π‡§√◊ËÕß

¥◊Ë¡·µà≈–™π‘¥‚¥¬°“√‡°Á∫µ—«Õ¬à“ß„π«—Ø¿“§·°ä ª√‘¡“µ√ 1 ‰¡‚§√≈‘µ√ ©’¥‡¢â“‡§√◊ËÕß GC ∫—π∑÷°º≈§à“æ◊Èπ∑’Ë„µâæ’§

·≈â«π”‰ª§”π«≥ª√‘¡“≥‡Õ∑“πÕ≈∑—ÈßÀ¡¥∑’Ë¡’Õ¬Ÿà„π‡§√◊ËÕß¥◊Ë¡·µà≈–™π‘¥ ‡ª√’¬∫‡∑’¬∫°—∫§à“∑’Ë√“¬ß“π‰«â∫π©≈“° ¥—ß

· ¥ßº≈„πµ“√“ß∑’Ë 3

®“°µ“√“ß∑’Ë 3 º≈∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ«à“°“√À“ª√‘¡“≥‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å™π‘¥µà“ßÊ ‚¥¬

„™â§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß‡Õ∑“πÕ≈√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§·°ä  ·≈â«µ√«®«—¥¥â«¬‡§√◊ËÕß GC

„Àâº≈°“√∑¥≈Õß∑’Ë∂Ÿ°µâÕß·≈–‡™◊ËÕ∂◊Õ‰¥â ∑—Èß‡§√◊ËÕß¥◊Ë¡„π°≈ÿà¡ ÿ√“°≈—Ëπ  ÿ√“º ¡ «‘ °’È ¬‘π ·≈–√—¡ ´÷Ëß„Àâº≈µà“ß¢Õß

ª√‘¡“≥‡Õ∑“πÕ≈®“°©≈“°√–∫ÿ Õ¬Ÿà„π™à«ß√âÕ¬≈– -3 ∂÷ß 2 · ¥ß«à“‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∑’Ë¡’®”Àπà“¬‰¥â§«∫§ÿ¡

 ª√‘¡“≥·Õ≈°ÕŒÕ≈åÕ¬à“ß‡§√àß§√—¥ ‡π◊ËÕß®“°¡’°ÆÀ¡“¬‡°’Ë¬«°—∫√–∫∫¿“…’¢Õß°“√π”‡¢â“‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å‚¥¬

§‘¥µ“¡ª√‘¡“≥À√◊Õ·√ß·Õ≈°ÕŒÕ≈å Õ¬à“ß‰√°Áµ“¡‡§√◊ËÕß¥◊Ë¡ª√–‡¿∑ “‚∑·≈–‰«πåº≈‰¡â∑’Ëº≈‘µ„π√–¥—∫°≈ÿà¡™“«∫â“π

À√◊Õ‚√ßß“πº≈‘µ¢π“¥‡≈Á° æ∫«à“ª√‘¡“≥‡Õ∑“πÕ≈∑’Ëµ√«®«—¥‰¥â¡’§à“ Ÿß°«à“©≈“°√–∫ÿ§àÕπ¢â“ß¡“° §‘¥‡∑’¬∫‡ªìπ

√âÕ¬≈–§«“¡·µ°µà“ßÕ¬Ÿà„π™à«ß√âÕ¬≈– 6-27

4.4 °“√»÷°…“º≈°√–∑∫¢ÕßπÈ”µ“≈∑’Ë¡’µàÕ°“√«—¥ª√‘¡“≥‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å

„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∫“ß°≈ÿà¡ ‡™àπ °≈ÿà¡ ÿ√“º ¡ «‘ °’È ‰«πåº≈‰¡â ·≈– “‚∑ Õ“®¡’πÈ”µ“≈ª√‘¡“≥

‡≈Á°πâÕ¬‡ªìπÕß§åª√–°Õ∫ ¥—ßπ—Èπ‡æ◊ËÕµ√«® Õ∫«à“πÈ”µ“≈´÷ËßÕ¬Ÿà„π‡§√◊ËÕß¥◊Ë¡‡À≈à“π’È ¡’º≈µàÕ°√–∑∫µàÕª√‘¡“≥

‡Õ∑“πÕ≈∑’Ëµ√«®«—¥‰¥âÀ√◊Õ‰¡à ®÷ß‰¥â∑¥≈Õß«—¥ª√‘¡“≥‡Õ∑“πÕ≈„π “√≈–≈“¬·Õ≈°ÕŒÕ≈å¡“µ√∞“πª°µ‘‡∑’¬∫°—∫

 “√≈–≈“¬∑’Ë¡’πÈ”µ“≈‡ªìπÕß§åª√–°Õ∫√âÕ¬≈– 2 ´÷Ëßº≈∑’Ë‰¥â· ¥ß¥—ßµ“√“ß∑’Ë 4
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 ÿ√“¢“« 1 28 999,016 27.72 -1.00
 ÿ√“¢“« 2 30 1,017,852 30.00 0.00

 ÿ√“¢“« 3 35 1,023,571 35.35 1.00
 ÿ√“¢“« 4 40 1,008,758 40.00 0.00

æ≠“≈Õ 40 988,074 39.20 -2.00

Beefeater 40 1,019,554 40.40 1.00
Gilbey's 41 991,070 40.18 -2.00
·¡à‚¢ß 35 994,816 34.30 -2.00
¡—ß°√∑Õß 35 1,019,453 35.35 1.00

Crown 99 35 1,008,758 35.00 0.00

Master Blend 35 1,020,266 35.35 1.00
Black Label 40 998,804 39.60 -1.00
Red Label 40 1,012,333 40.00 0.00
Red Suntory 40 988,565 39.20 -2.00
John Master 35 1,018,633 35.35 1.00
Mc carter 30 1,013,222 30.00 0.00

Chairmanûs 30 1,024,916 30.30 1.00

Cavalier 38 985,019 36.86 -3.00
°Ÿª√’ 4 1,162,418 4.60 15.00
°√–´Ÿà 4 1,112,524 4.40 10.00
 “‚∑ ¬“¡ 8 1,069,400 8.48 6.00
Tamrab 2 12 1,283,103 15.24 27.00
Pen Flods Bin 2 14.5 1,019,548 14.65 1.00

· ß‚ ¡ 40 1,023,203 40.40 1.00

Boss 30 1,028,217 30.60 2.00

µ“√“ß∑’Ë 3 ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‡Õ∑“πÕ≈∑’Ë√–∫ÿ‰«â∫π©≈“°·≈–ª√‘¡“≥∑’Ë§”π«≥‰¥â®“°§à“ K „π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å 25 ™π‘¥

(æ◊Èπ∑’Ë„µâæ’§‰¥â®“°°“√§à“‡©≈’Ë¬¢Õß°“√‡°Á∫¢âÕ¡Ÿ≈ 3 ´È”)

µ—«Õ¬à“ß‡§√◊ËÕß¥◊Ë¡
ª√‘¡“≥‡Õ∑“πÕ≈ (% v/v)

∑’Ë√–∫ÿ∫π©≈“° æ◊Èπ∑’Ë„µâæ’§ (A)
ª√‘¡“≥‡Õ∑“πÕ≈ (% v/v)

∑’Ë§”π«≥‰¥â º≈µà“ß (%)

À¡“¬‡Àµÿ: ‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å°≈ÿà¡ ÿ√“°≈—Ëπ:  ÿ√“¢“« (1, 2, 3, 4) æ≠“≈Õ; °≈ÿà¡¬‘π (gin): Beefeater, Gilbeyûs; °≈ÿà¡ ÿ√“º ¡:
·¡à‚¢ß ¡—ß°√∑Õß Crown 99 Master Blend; °≈ÿà¡«‘ °’È: Black Label, Red Label, Red Suntory, John master,
Mc carter, Chairmanûs; °≈ÿà¡ “‚∑:  “‚∑¢â“«‡Àπ’¬«¥” °Ÿª√’  “‚∑¢â“«ÀÕ¡¡–≈‘ °√–´Ÿà  “‚∑ ¬“¡; °≈ÿà¡‰«πå: ‰«πåº≈‰¡â
tamrab 2, Pen Flods Bin 2; °≈ÿà¡√—¡ (Rum): · ß‚ ¡ ·≈– Boss
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®“°°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“æ◊Èπ∑’Ë„µâæ’§∑’Ë‰¥â®“° “√≈–≈“¬‡Õ∑“πÕ≈∑—Èß 2 ™ÿ¥ ¡’§«“¡·µ°µà“ß°—π

πâÕ¬¡“° §◊Õ√âÕ¬≈– -0.69 ∂÷ß 0.27 · ¥ß«à“§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬¢Õß‡Õ∑“πÕ≈√âÕ¬≈– 1 √–À«à“ß«—Ø¿“§

¢Õß‡À≈«´÷Ëß‡ªìπ “√≈–≈“¬πÈ”µ“≈√âÕ¬≈– 2 ·≈–«—Ø¿“§·°ä  ¡’§à“‰¡à‡ª≈’Ë¬π·ª≈ß‡¡◊ËÕ‡∑’¬∫°—∫‡Õ∑“πÕ≈∑’Ë≈–≈“¬

Õ¬Ÿà„ππÈ” ®“°ß“π«‘®—¬¢Õß Strassing ·≈– Lankmayr [24] ´÷Ëß∑¥≈Õß«—¥ª√‘¡“≥‡Õ∑“πÕ≈§«“¡‡¢â¡¢âπµà“ßÊ µ—Èß

·µà√âÕ¬≈– 0.1-10 „ππÈ”‡∑’¬∫°—∫„π “√≈–≈“¬‚ª√µ’π (human albumin) √âÕ¬≈– 20 æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ Ÿß

ª√‘¡“≥‡Õ∑“πÕ≈∑’Ë«—¥‰¥â„π “√≈–≈“¬‚ª√µ’π®–¡’ª√‘¡“≥ Ÿß°«à“ª√‘¡“≥∑’Ë«—¥‰¥â„ππÈ”ª√–¡“≥√âÕ¬≈– 10 Õ¬à“ß‰√

°Áµ“¡∑’Ëª√‘¡“≥‡Õ∑“πÕ≈µË”§à“∑’Ë«—¥‰¥â‰¡à·µ°µà“ß°—π ¥—ßπ—ÈπÀ“°µâÕß°“√µ√«®«—¥ª√‘¡“≥‡Õ∑“πÕ≈„πµ—«Õ¬à“ß∑’Ë¡’

 “√≈–≈“¬‚ª√µ’π√âÕ¬≈– 20 Strassing ·≈– Lankmayr ®÷ß·π–π”„Àâ„™â«‘∏’°“√√–‡À¬µ—«Õ¬à“ß®πÀ¡¥ ·≈â«‡°Á∫

 à«π∑’Ë√–‡À¬‰¥â‰ª«‘‡§√“–Àåª√‘¡“≥‡Õ∑“πÕ≈ ·µà‡π◊ËÕß®“°„πß“π«‘®—¬π’ÈπÈ”µ“≈´÷Ëß‡ªìπ ‘Ëß‡®◊Õªπ„πµ—«Õ¬à“ß‡§√◊ËÕß¥◊Ë¡

™π‘¥µà“ßÊ ¡’ª√‘¡“≥πâÕ¬ª√–°Õ∫°—∫°“√µ√«®«—¥µ—«Õ¬à“ß∑—ÈßÀ¡¥‰¥â‡®◊Õ®“ß∑’Ë§«“¡‡¢â¡¢âπ‡æ’¬ß√âÕ¬≈– 1

(ª√‘¡“µ√/ª√‘¡“µ√) ‡∑à“π—Èπ ®÷ß‰¡à‰¥â»÷°…“∂÷ßº≈°√–∑∫¢Õßª√‘¡“≥πÈ”µ“≈∑’Ë¡’µàÕ§«“¡‡¢â¡¢âπ¢Õßµ—«Õ¬à“ß

„π∑’Ëπ’È‰¡à‰¥âæ‘®“√≥“∂÷ßº≈°√–∑∫¢Õß “√„Àâ°≈‘Ëπ´÷Ëß√–‡À¬‰¥â ·≈–¡’‡ªìπÕß§åª√–°Õ∫„π‡§√◊ËÕß¥◊Ë¡

·Õ≈°ÕŒÕ≈å ·µà§“¥«à“ “√„Àâ°≈‘Ëπ‡À≈à“π’È‰¡àπà“®–¡’º≈µàÕ§à“ K ¢Õß‡Õ∑“πÕ≈„π‡§√◊ËÕß¥◊Ë¡∑’Ë∑”°“√«‘‡§√“–Àå

‡π◊ËÕß®“°¡’ —¥ à«πµË”¡“°‡¡◊ËÕ‡∑’¬∫°—∫ª√‘¡“≥‡Õ∑“πÕ≈ ¬°‡«âπ‡§√◊ËÕß¥◊Ë¡ª√–‡¿∑‡∫’¬√å À√◊Õ‰«πå∑’Ë¡’°“√Õ—¥·°ä 

´÷Ëß§“¥«à“·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å∑’Ë¡’‡ªìπ à«πª√–°Õ∫„π‡§√◊ËÕß¥◊Ë¡‡À≈à“π—Èπ¡’º≈°√–∑∫µàÕª√‘¡“≥‡Õ∑“πÕ≈∑’Ëµ√«®

«—¥‰¥â‚¥¬„™â‡∑§π‘§π’È Õ¬à“ß‰√°Áµ“¡¢âÕ¥’¢Õß°“√µ√«®«—¥ª√‘¡“≥‡Õ∑“πÕ≈¥â«¬ GC §◊Õ ’¢Õß‡§√◊ËÕß¥◊Ë¡‰¡à¡’º≈

°√–∑∫µàÕª√‘¡“≥∑’Ë«—¥‰¥â ´÷Ëß·µ°µà“ß®“°°“√µ√«®«—¥¥â«¬ spectrophotometry [2] ∑’Ë«—¥ª√‘¡“≥‡Õ∑“πÕ≈„π

‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∑’Ë¡’ ’‰¥â Ÿß°«à“§«“¡‡ªìπ®√‘ß

µ“√“ß∑’Ë 4 ‡ª√’¬∫‡∑’¬∫æ◊Èπ∑’Ë„µâæ’§¢Õß‡Õ∑“πÕ≈∑’Ë‰¥â®“°°“√µ√«®

«—¥ “√≈–≈“¬‡Õ∑“πÕ≈‡¢â¡¢âπ√âÕ¬≈– 1 (ª√‘¡“µ√/

ª√‘¡“µ√) „ππÈ” ·≈–„π “√≈–≈“¬πÈ”µ“≈√âÕ¬≈– 2

(πÈ”Àπ—°/ª√‘¡“µ√)

1 1,010,716 1,011,128 -0.04
2 1,012,587 1,019,524 -0.69
3 1,015,250 1,012,465 0.27

§√—Èß∑’Ë
æ◊Èπ∑’Ë„µâæ’§¢Õß‡Õ∑“πÕ≈ º≈µà“ß

(%)„ππÈ” „π “√≈–≈“¬πÈ”µ“≈
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4.5 °“√»÷°…“¢’¥§«“¡ “¡“√∂¢Õß‡§√◊ËÕßµ√«®«—¥ FID µàÕ§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈∑’Ë

«‘‡§√“–Àå‰¥â
‡æ◊ËÕµâÕß°“√∑√“∫¢âÕ®”°—¥∂÷ßª√‘¡“≥ Ÿß ÿ¥∑’Ë “¡“√∂µ√«®«—¥ “√√–‡À¬‰¥â®“°§à“ K ¥â«¬‡∑§π‘§ HS-GC „π

°“√∑¥≈Õßπ’È®÷ß‰¥â‡µ√’¬¡ “√≈–≈“¬‡Õ∑“πÕ≈¡“µ√∞“π∑’Ë¡’§«“¡‡¢â¡¢âπ√âÕ¬≈– 1-30 (ª√‘¡“µ√/ª√‘¡“µ√) ¥â«¬«‘∏’

‡¥’¬«°—∫À—«¢âÕ 3.2.2 ·≈–µ√«®«—¥¥â«¬ GC ‡¡◊ËÕπ”æ◊Èπ∑’Ë„µâæ’§¡“‡¢’¬π°√“ø§«“¡ —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ

¢Õß‡Õ∑“πÕ≈‰¥â°√“ø‡ âπµ√ßæ∫«à“‡§√◊ËÕßµ√«®«—¥™π‘¥ FID ¢Õß‡§√◊ËÕß GC ¡’§«“¡ “¡“√∂„π°“√µ√«®«—¥

ª√‘¡“≥‡Õ∑“πÕ≈‰¥â®”°—¥∑’Ë§«“¡‡¢â¡¢âπ√–¥—∫Àπ÷Ëß‡∑à“π—Èπ (‰¡à‡°‘π√âÕ¬≈– 12 ) ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ´÷Ëß¡’§à“§«“¡

‡™◊ËÕ¡—Ëπ ‡∑à“°—∫ 0.9944 ∑’Ë§«“¡‡¢â¡¢âπ Ÿß°«à“π’È§«“¡§«“¡‡ªìπ‡ âπµ√ß√–À«à“ß§«“¡‡¢â¡¢âπ°—∫ª√‘¡“≥ “√∑’Ë«—¥‰¥â¡’

§à“≈¥≈ß ¥—ßπ—ÈπÀ“°µâÕß°“√«—¥ª√‘¡“≥‡Õ∑“πÕ≈„πµ—«Õ¬à“ß∑’Ë¡’§«“¡‡¢â¡ Ÿß‡°‘π√âÕ¬≈– 12 ®”‡ªìπµâÕß‡®◊Õ®“ß “√

„Àâ¡’§«“¡‡¢â¡¢âπ‰¡à‡°‘π√âÕ¬≈– 12

5.  √ÿªº≈°“√«‘®—¬

°“√‡°Á∫µ—«Õ¬à“ß‡Õ∑“πÕ≈„π«—Ø¿“§·°ä  (headspace) ¢Õß “√≈–≈“¬‡Õ∑“πÕ≈¡“µ√∞“π¡“∑”°“√

«‘‡§√“–Àåª√‘¡“≥¥â«¬‡§√◊ËÕß GC ∑’Ë¡’ FID ‡ªìπ‡§√◊ËÕßµ√«®«—¥ √à«¡°—∫°“√·°â ¡°“√∑“ß§≥‘µ»“ µ√å∑”„Àâ “¡“√∂

À“§à“ —¡ª√– ‘∑∏‘Ï°“√·∫àß≈–≈“¬ (K) ¢Õß‡Õ∑“πÕ≈√–À«à“ß«—Ø¿“§¢Õß‡À≈«·≈–«—Ø¿“§·°ä ‰¥â ‚¥¬§à“ K ¢Õß

‡Õ∑“πÕ≈∑’Ë‰¥â®“°°“√‡µ√’¬¡µ—«Õ¬à“ß∑’Ë§«“¡¥—π∫√√¬“°“» Õÿ≥À¿Ÿ¡‘ 50 °´ „π¿“«–∑’Ë¡’°“√‡¢¬à“ vial ‡ªìπ‡«≈“ 30

π“∑’ ¡’§à“‡∑à“°—∫ 3.013 ´÷Ëß‡ªìπ§à“§ß∑’Ë®”‡æ“– ¥—ßπ—Èπ®÷ß “¡“√∂π”§à“ K ∑’Ë‰¥â¡“„™â„π°“√À“ª√‘¡“≥‡Õ∑“πÕ≈∑’Ë¡’

Õ¬Ÿà„π‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å™π‘¥µà“ßÊ ‚¥¬„™â¿“«–°“√∑¥≈Õß‡¥’¬«°—π‰¥âÕ¬à“ß·¡àπ¬” ·≈–æ∫«à“πÈ”µ“≈∑’Ë¡’Õ¬Ÿà„π

 “√≈–≈“¬µ—«Õ¬à“ß‰¡à¡’º≈°√–∑∫µàÕ°“√«—¥ª√‘¡“≥‡Õ∑“πÕ≈‚¥¬«‘∏’π’È „π¢≥–∑’Ë§«“¡ “¡“√∂¢Õß‡§√◊ËÕßµ√«®«—¥

FID  “¡“√∂«—¥ª√‘¡“≥‡Õ∑“πÕ≈ Ÿß ÿ¥∑’Ë√âÕ¬≈– 12 ¥—ßπ—ÈπÀ“°µâÕß°“√«—¥ “√µ—«Õ¬à“ß∑’Ë¡’ª√‘¡“≥‡Õ∑“πÕ≈ Ÿß°«à“

π’È®”‡ªìπµâÕß¡’°“√‡®◊Õ®“ß “√µ—«Õ¬à“ß°àÕπ

§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈ (%v/v)

√Ÿª∑’Ë 1  §«“¡ —¡æ—π∏å¢Õßæ◊Èπ∑’Ë„µâæ’§°—∫§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡Õ∑“πÕ≈
¡“µ√∞“π∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 0 -12

R2 = 0.9944
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Õ¬à“ß‰√°Áµ“¡„π°“√«‘‡§√“–Àåµ—«Õ¬à“ß∑’Ë√–‡À¬‰¥â‡™àππ’È¡’¢âÕ∑’Ë§«√√–«—ß·≈–µâÕß§”π÷ß∂÷ßÕ¬Ÿà‡ ¡Õ§◊Õ§«“¡

 ¡Ë”‡ ¡Õ„π°“√‡°Á∫√—°…“ ·≈–°“√§«∫§ÿ¡¿“«–∑’Ë„™â„π°“√∑¥≈Õß„Àâ¡’§«“¡·¡àπ¬” ·≈–‡∑à“°—π∑ÿ°µ—«Õ¬à“ß‡æ◊ËÕ

ªÑÕß°—π§«“¡º‘¥æ≈“¥∑’Ë‡°‘¥®“°°“√∑¥≈Õß
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