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Starch isolated from rhizomes of edible canna (Japanese-green cultivar) was modified by

acetylation in order to reduce retrogradation and increase gel stability. Acetylation was carried out by

treating the starches with 5, 7 and 9 % (w/w) of acetic anhydride at 25 ÌC and pH between 8.0 - 8.5.

The extent of acetylation increased proportionally with concentration of acetic anhydride used. The

percentages of acetyl group determined by titration method were 1.53, 2.09 and 2.53. Examining

under scanning electron microscope revealed that all of modified starches were still in intact granular

form and there was no difference between native and modified starches. The viscoamylographs of

6% starch determined by Rapid Visco Analyzer at 160 rpm showed that acetylation decreased the

pasting temperatures and slightly decreased the hot paste viscosity. The setback values of acetylated

starches were approximately 35-43 % lower than those of native starches. This indicated that the

retrogradation of canna starch was substantially reduced by acetylation. Pasting profiles of acetylated

starches analyzed at agitation rates and pHs in ranges of 160-480 rpm and 2.6-6.8 were similar to

those of native starch. The firmness (hardness) of canna starch gel was analyzed by texture analyzer

using a 20 mm diameter-cylindrical plunger. With 6% starch solids in water at pH 6.8, all acetylated

canna starches gave gels that were much less firm than that of native starch (197, 192, 205 and 2,392

g for 1.53, 2.09, 2.53% acetyl groups and native Japanese-green starches, respectively). The result of

%syneresis values obtained from freeze-thaw stability confirmed that the retrogradation of canna

starch could be reduced by acetylation.
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1. ∫∑π”

°“√„™âª√–‚¬™πå®“°·ªÑß„πÕÿµ “À°√√¡Õ“À“√¡’¡“‡ªìπ‡«≈“π“π·≈â« ‚¥¬‡©æ“–°“√„™â·ªÑß‡æ◊ËÕ„Àâ§«“¡

Àπ◊¥·≈–‡æ‘Ë¡§«“¡§ßµ—«·°àº≈‘µ¿—≥±å ‡™àπ ´Õ ª√ÿß√  ´ÿª Õ“À“√‡¥Á°ÕàÕπ ‡ªìπµâπ Õ¬à“ß‰√°Áµ“¡ ·ªÑß∑’Ë‰¥â®“°

·À≈àß·ªÑß∏√√¡™“µ‘ (native starch) Õ“®¡’¢âÕ®”°—¥‡™àπ ·ªÑß‰¡à§ßµ—«∑’ËÕÿ≥À¿Ÿ¡‘µË” ‰¡à∑πµàÕ ¿“æ‡ªìπ°√¥ §«“¡

√âÕπ Ÿß ·≈–·√ß‡©◊Õπ ‡ªìπµâπ ¥—ßπ—Èπ®÷ßµâÕß¡’°“√ª√—∫ª√ÿß ¡∫—µ‘¢Õß·ªÑß‚¥¬π”·ªÑß∑’Ë‰¥â®“°·À≈àß∏√√¡™“µ‘‰ª

ºà“π°√√¡«‘∏’∑’Ë‡À¡“– ¡ ‡æ◊ËÕ„Àâ‰¥â·ªÑß∑’Ë¡’ ¡∫—µ‘µ√ßµ“¡§«“¡µâÕß°“√¡“°¢÷Èπ

ªí≠À“Õ¬à“ßÀπ÷Ëß∑’Ëæ∫„π°“√π”·ªÑß‰ª„™â„πÕÿµ “À°√√¡Õ“À“√§◊Õ °“√§◊πµ—«¢Õß·ªÑß (√’‚∑√‡°√‡¥™—π;

retrogradation) ÷́Ëß‡°‘¥¢÷ÈπÀ≈—ß®“°·ªÑß‡°‘¥‡®≈“µ‘‰π‡´™—π ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘µË”≈ß‚¡‡≈°ÿ≈¢ÕßÕ–¡‘‚≈ ·≈– “¬‚ à́¥â“π

πÕ°∑’Ë‡ªìπ‡ âπµ√ß¢ÕßÕ–¡‘‚≈‡æ§µ‘π®–‡°‘¥°“√®—¥‡√’¬ßµ—«°—π ‚¥¬‚¡‡≈°ÿ≈¢ÕßÕ–¡‘‚≈ ´÷Ëß¡’≈—°…≥–‡ªìπ‡ âπµ√ß®–

‡°‘¥°“√‡§≈◊ËÕπ∑’Ë·≈–®—¥‡√’¬ßµ—«„π·π«¢π“π°—∫‚¡‡≈°ÿ≈¢ÕßÕ–¡‘‚≈ ¥â«¬°—π‡ÕßÀ√◊Õ°—∫ à«π∑’Ë‡ªìπ‡ âπµ√ß„π

‚¡‡≈°ÿ≈¢ÕßÕ–¡‘‚≈‡æ§µ‘π ·≈–‡¡◊ËÕ‚¡‡≈°ÿ≈‡¢â“„°≈â°—π¡“°æÕ°Á®–∑”„Àâ‡°‘¥°“√¬÷¥‡°“–°—π¥â«¬æ—π∏–‰Œ‚¥√‡®π

∑”„Àâ·ªÑß∑’Ë‡°‘¥°“√‡®≈“µ‘‰π‡´™—π·≈â«¡’≈—°…≥–ª√“°Ø‡ª≈’Ë¬π‰ª ‡™àπ ¡’§«“¡¢ÿàπ‡æ‘Ë¡¢÷Èπ ¡’°“√®—∫µ—«°—π‡ªìπ°âÕπ

À√◊Õ‡°‘¥µ–°Õπ ‡°‘¥ ‘́π‡πÕ√’´‘  (syneresis) §◊Õ°“√∑’Ë¢Õß‡À≈«·¬°µ—«ÕÕ°®“°·ªÑß ÿ° ∑”„Àâº≈‘µ¿—≥±å¡’§ÿ≥¿“æ

≈¥≈ß [1]

„π°“√≈¥°“√§◊πµ—«‡æ◊ËÕ‡æ‘Ë¡§«“¡§ßµ—«¢Õß·ªÑß Õ“®∑”‰¥â‚¥¬°“√¥—¥·ª√‚§√ß √â“ß¢Õß·ªÑß‚¥¬°“√‡µ‘¡

À¡Ÿà·∑π∑’Ë≈ß‰ª„π‚¡‡≈°ÿ≈·ªÑß ‡™àπ À¡Ÿà‡Õ ‡∑Õ√å‚¥¬°“√∑”‡Õ ‡∑Õ√‘øî‡§™—π (esterification) À√◊ÕÀ¡ŸàÕ’‡∑Õ√å‚¥¬

°“√∑”Õ’‡∑Õ√‘øî‡§™—π (etherification)  ·ªÑß‡Õ ‡∑Õ√å∑’Ëπ‘¬¡º≈‘µ„π∑“ß°“√§â“·≈–Õπÿ≠“µ„Àâ„™â„πÕ“À“√ ‰¥â·°à ·ªÑß

·Õ´‘‡∑µ (starch acetate) ·≈– ·ªÑßøÕ ‡øµ‚¡‚π‡Õ ‡∑Õ√å (starch phosphate monoester) [1] ·ªÑß·Õ´‘‡∑µ

‰¥â®“°°“√∑”ªØ‘°‘√‘¬“·Õ ‘́∑‘‡≈™—π (acetylation) √–À«à“ß µ“√å™°—∫·Õ ‘́µ‘°·Õπ‰Œ‰¥√¥åÀ√◊Õ‰«π‘≈·Õ ‘́‡∑µ ‚¥¬

√–¥—∫°“√·∑π∑’Ë∑’Ëº≈‘µ‡ªìπ°“√§â“‡æ◊ËÕ„™â„πÕ“À“√®–¡’§à“πâÕ¬°«à“ 0.1 [2]

‚¥¬∑—Ë«‰ªæ∫«à“·ªÑß∑’Ëºà“π°“√¥—¥·ª√‚¥¬«‘∏’·Õ´‘∑‘‡≈™—π®–¡’§à“Õÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥ (pasting

temperature) ≈¥≈ß [3-8] ‡¡◊ËÕ»÷°…“√Ÿª·∫∫§«“¡Àπ◊¥¢Õß·ªÑß‚¥¬ Brabender viscoamylograph À√◊Õ Rapid

Visco Analyser (RVA)  à«π„À≠à√“¬ß“π«à“·ªÑß·Õ´‘‡∑µ¡’§«“¡Àπ◊¥ Ÿß¢÷Èπ [3-5, 7, 9]  à«π§à“ setback ¡’∑—Èß∑’Ë

√“¬ß“π«à“¡’§à“‡æ‘Ë¡¢÷Èπ·≈–≈¥≈ß [4, 6-7, 9] ∑—Èßπ’È¢÷Èπ°—∫™π‘¥¢Õß·ªÑß·≈–ª√‘¡“≥Õ–¡‘‚≈ „π·ªÑß ‡¡◊ËÕ«‘‡§√“–Àå

°“√§◊πµ—«¢Õß·ªÑß·Õ ‘́‡∑µ‚¥¬«‘∏’°“√Õ◊ËπÊ ‡™àπ °“√»÷°…“§«“¡§ßµ—«¢Õß·ªÑßµàÕ°“√·™à·¢Áß-≈–≈“¬ (freeze-thaw

stability) [3-4, 9] °“√«‘‡§√“–Àå‚¥¬ Differential Scanning Calorimeter [8] º≈∑’Ë‰¥â π—∫ πÿπ«à“°“√¥—¥·ª√

‚¥¬«‘∏’·Õ´‘∑‘‡≈™—π∑”„Àâ·ªÑß¡’°“√§◊πµ—«≈¥≈ß

æÿ∑∏√—°…“°‘π‰¥â (edible canna : Canna edulis Ker.) ‡ªìπæ◊™‡°à“·°à™π‘¥Àπ÷Ëß¢Õß‚≈° ¡’∂‘Ëπ°”‡π‘¥„π·∂∫

Andes ∑«’ªÕ‡¡√‘°“„µâ  à«π°“√π”¡“ª≈Ÿ°„πª√–‡∑»‰∑¬ ‰¡àª√“°ØÀ≈—°∞“πÕâ“ßÕ‘ß™—¥‡®π ∑√“∫·µà‡æ’¬ß«à“‡ªìπ

æ◊™∑’Ë§ÿâπ‡§¬°—π„π™◊ËÕ “§Ÿ®’π æÿ∑∏√—°…“°‘π‰¥â¡’°“√ – ¡·ªÑß„π à«π‡Àßâ“„µâ¥‘π ·ªÑß∑’Ë °—¥‰¥âæ∫«à“¡’Õß§åª√–°Õ∫

Õ◊ËπÊ „πª√‘¡“≥µË” (‰¢¡—π < √âÕ¬≈– 0.1, ‚ª√µ’π < √âÕ¬≈– 0.5) ‡¡◊ËÕ„Àâ§«“¡√âÕπ°—∫ “√·¢«π≈Õ¬¢Õß·ªÑß„ππÈ”
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®–‰¥â·ªÑß ÿ°∑’Ë„ ·≈–¡’§«“¡Àπ◊¥ Ÿß [10] ´÷Ëßπà“®–π”‰ª„™â‡ªìπ “√„Àâ§«“¡¢âπÀπ◊¥„πº≈‘µ¿—≥±åµà“ßÊ ‰¥â  Õ¬à“ß‰√

°Áµ“¡  ®“°°“√»÷°…“¢Õß«—™√‘π∑√å ®—π∑√å ÿ«√√≥ [10] ·≈– Thitipraphunkul ·≈–§≥– [11]  æ∫«à“·ªÑß®“°

æÿ∑∏√—°…“¡’§«“¡§ßµ—«µàÕ°“√·™à·¢Áß-≈–≈“¬µË” (%syneresis  Ÿß) Õ’°∑—Èß§«“¡√Ÿâ∑’Ë‰¥â®“°¿Ÿ¡‘ªí≠≠“∑âÕß∂‘Ëπ„π

ª√–‡∑»‡«’¬¥π“¡ ∑’Ëπ”·ªÑßæÿ∑∏√—°…“‰ª„™â„π°“√∑”·ºàπ°ã«¬‡µ’Î¬« ∫àß™’È«à“·ªÑßæÿ∑∏√—°…“πà“®–‡ªìπ·ªÑß∑’Ë¡’°“√

§◊πµ—«¢Õß·ªÑß Ÿß „π°√≥’∑’ËµâÕß°“√π”·ªÑß‰ª„™â‡ªìπ “√„Àâ§«“¡¢âπÀπ◊¥ µâÕß°“√·ªÑß∑’Ë¡’°“√§◊πµ—«µË”‡æ◊ËÕ„Àâ·ªÑß

 “¡“√∂·¢«π≈Õ¬Õ¬Ÿà„πº≈‘µ¿—≥±å‚¥¬‰¡à·¬°µ—«À√◊Õµ°µ–°ÕπÕÕ°¡“ ¥—ßπ—Èπ®÷ßµâÕßª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¢Õß·ªÑß

æÿ∑∏√—°…“„Àâ‡°‘¥°“√§◊πµ—«πâÕ¬≈ß °“√¥—¥·ª√·ªÑß¥â«¬«‘∏’‡Õ ‡∑Õ√‘øî‡§™—π™à«¬„Àâ‚¡‡≈°ÿ≈¢Õß·ªÑß®—∫µ—«°—π„À¡à¬“°

¢÷Èπ ®÷ß‡ªìπ«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„π°“√≈¥°“√§◊πµ—«¢Õß·ªÑß

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å∑’Ë®–»÷°…“°“√¥—¥·ª√·ªÑßæÿ∑∏√—°…“°‘π‰¥â “¬æ—π∏ÿå≠’ËªÿÉπ‡¢’¬«¥â«¬«‘∏’·Õ´‘∑‘‡≈™—π

„Àâ¡’√–¥—∫°“√·∑π∑’ËµË”°«à“ 0.1  ‡æ◊ËÕ„Àâ·ªÑß‡°‘¥°“√§◊πµ—«πâÕ¬≈ß ‰¥â·ªÑß∑’Ë¡’§«“¡§ßµ—«¡“°¢÷Èπ  ·≈– “¡“√∂π”

‰ª„™â„πÕÿµ “À°√√¡Õ“À“√‰¥â

2. «— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

2.1 «—µ∂ÿ¥‘∫
·ªÑßæÿ∑∏√—°…“°‘π‰¥â (Canna edulis) æ—π∏ÿå≠’ËªÿÉπ‡¢’¬«ª≈Ÿ°∑’Ë»Ÿπ¬å«‘®—¬¢â“«‚æ¥¢â“«øÉ“ß·Ààß™“µ‘ Õ”‡¿Õª“°™àÕß

®—ßÀ«—¥π§√√“™ ’¡“ ‡°Á∫‡°’Ë¬«‡Àßâ“À≈—ß®“°‡æ“–ª≈Ÿ°ª√–¡“≥ 10 ‡¥◊Õπ ·≈–π”¡“ °—¥·ªÑß∑’Ë»Ÿπ¬å«‘®—¬æ◊™‰√à√–¬Õß

®—ßÀ«—¥√–¬Õß

2.2 «‘∏’°“√∑¥≈Õß
°“√‡µ√’¬¡·ªÑß·Õ´‘‡∑µ [12, 13]
π”·ªÑßæÿ∑∏√—°…“°‘π‰¥â¡“¥—¥·ª√‚¥¬«‘∏’°“√·Õ ‘́∑‘‡≈™—π¥â«¬·Õ ‘́µ‘°·Õπ‰Œ‰¥√¥å ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 

‚¥¬„™â·Õ´‘µ‘°·Õπ‰Œ‰¥√¥åª√‘¡“≥√âÕ¬≈– 5, 7 ·≈– 9 ‚¥¬πÈ”Àπ—°µàÕπÈ”Àπ—°·ªÑß·Àâß ·≈–§«∫§ÿ¡ pH „ÀâÕ¬Ÿà„π™à«ß

8 - 8.5 ‚¥¬¡’¢—ÈπµÕπ°“√‡µ√’¬¡¥—ßπ’È ™—Ëß·ªÑß 170 °√—¡ ‚¥¬πÈ”Àπ—°·ªÑß·Àâß „ à„π∫’°‡°Õ√å¢π“¥ 600 ¡‘≈≈‘≈‘µ√ ‡µ‘¡

πÈ”°≈—Ëπ≈ß‰ª 225 °√—¡ °«π„Àâ‡¢â“°—π ª√—∫ pH ¢ÕßπÈ”·ªÑß‡ªìπ 8.0 - 8.5 ¥â«¬ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å‡¢â¡

¢âπ√âÕ¬≈– 3 ‡µ‘¡·Õ ‘́µ‘°·Õπ‰Œ‰¥√¥å®“°∫‘«‡√µºà“π “¬¬“ß ‚¥¬ª√—∫„Àâ§àÕ¬Ê À¬¥≈ß„ππÈ”·ªÑß  ‡µ‘¡ “√≈–≈“¬

‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å‡¢â¡¢âπ√âÕ¬≈– 3 ‡ªìπ√–¬–Ê ‡æ◊ËÕ√—°…“ pH „ÀâÕ¬Ÿà„π√–¥—∫∑’ËµâÕß°“√ À≈—ß®“°‡µ‘¡·Õ´‘µ‘°·Õπ

‰Œ‰¥√¥åÀ¡¥·≈â« °«ππÈ”·ªÑßµàÕ‰ªÕ’° 1 π“∑’ À√◊Õ®π°«à“ pH ®–§ß∑’Ë ·≈â«ª√—∫ pH ‡ªìπ 6.5 ¥â«¬ “√≈–≈“¬

°√¥´—≈øî«√‘°‡¢â¡¢âπ 0.5 πÕ√å¡Õ≈ π”πÈ”·ªÑß‰ª°√Õß¥â«¬‡§√◊ËÕß°√Õß ÿ≠≠“°“»  ≈â“ß·ªÑß‚¥¬‡µ‘¡πÈ”°≈—Ëπª√–¡“≥

500 ¡‘≈≈‘≈‘µ√ °«π„Àâ‡¢â“°—π·≈â«°√Õß ‚¥¬∑”°“√≈â“ß·ªÑß 3 §√—Èß π”·ªÑß‰ªÕ∫„πµŸâÕ∫‰øøÑ“∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“

‡´≈‡´’¬ ª√–¡“≥ 20 ™—Ë«‚¡ß ®π¡’§«“¡™◊Èπ„π™à«ß√âÕ¬≈– 7 - 9 ∫¥·ªÑß„Àâ≈–‡Õ’¬¥¥â«¬‡§√◊ËÕß∫¥Õ“À“√ ·≈â«π”

‰ª√àÕπ¥â«¬µ–·°√ß¢π“¥ 140 mesh
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°“√«‘‡§√“–Àåª√‘¡“≥¢ÕßÀ¡Ÿà·Õ´‘∑‘≈¢Õß·ªÑß·Õ´‘‡∑µ √–¥—∫°“√·∑π∑’Ë ·≈–ª√– ‘∑∏‘¿“æ
°“√‡°‘¥ªØ‘°‘√‘¬“ [14]
«‘‡§√“–Àåª√‘¡“≥¢ÕßÀ¡Ÿà·Õ´‘∑‘≈„π·ªÑß·Õ ‘́‡∑µ ‚¥¬«‘∏’°“√‰µ‡µ√µ¡’¢—ÈπµÕπ°“√«‘‡§√“–Àå·≈–§”π«≥¥—ßπ’È

≈–≈“¬·ªÑß·Õ ‘́‡∑µ 5 °√—¡ ≈ß„ππÈ”°≈—Ëπ 50 ¡‘≈≈‘≈‘µ√ „π Erlenmeyer flask ¢π“¥ 250 ¡‘≈≈‘≈‘µ√∑’Ë¡’®ÿ°ªî¥ „™â

phenolphthalein ‡ªìπÕ‘π¥‘‡§‡µÕ√å  ‡µ‘¡ 0.1 M NaOH „Àâ “√≈–≈“¬¡’™¡æŸ ‡µ‘¡ 0.4 M NaOH 25 ¡‘≈≈‘≈‘µ√

≈ß„π “√≈–≈“¬ §π¢Õßº ¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 30 π“∑’ ªî¥®ÿ° flask ‡æ◊ËÕªÑÕß°—π°“√√–‡À¬¢≥–‡°‘¥ªØ‘°‘√‘¬“

saponification À≈—ß®“°π—Èπ –‡∑‘π¥à“ß∑’Ë‡À≈◊Õ®“°ªØ‘°‘√‘¬“„πµ—«Õ¬à“ß¥â«¬ 0.2 M HCl

√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ ‘́∑‘≈ (%acetyl group) √–¥—∫°“√·∑π∑’Ë (Degree of substitution; DS) ·≈–

ª√– ‘∑∏‘¿“æ¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ (reaction efficiency) §”π«≥‰¥â®“° ¡°“√¥—ßπ’È

°“√«‘‡§√“–Àå≈—°…≥–¢Õß‡¡Á¥·ªÑß∑’Ëºà“π°√–∫«π°“√·Õ ‘́∑‘‡≈™—π
- ¥â“π≈—°…≥–∑“ß —≥∞“π«‘∑¬“·≈–¢π“¥¢Õß‡¡Á¥·ªÑß¥â«¬‡§√◊ËÕß Scanning Electron Microscope (JSM-

5800, JEOL, Japan) [15]

- ¥â“π°“√ Ÿ≠‡ ’¬ ¡∫—µ‘ birefringence ¥â«¬°≈âÕß®ÿ≈∑√√»πå·∫∫„™â· ß‚æ≈“‰√´å (polarized light) [16]

°“√«‘‡§√“–Àå ¡∫—µ‘∑“ß‡§¡’°“¬¿“æ¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â¥—¥·ª√
- ¥â“πæƒµ‘°√√¡°“√‡ª≈’Ë¬π·ª≈ß§«“¡Àπ◊¥¢Õß·ªÑß‚¥¬‡§√◊ËÕß Rapid Visco Analyzer (RVA-4 SA,

Newport Scientific PYT Ltd., NSW, Australia) µ“¡«‘∏’°“√¢Õß Thitipraphunkul ·≈–§≥– [11]

- ¥â“π§«“¡§ßµ—«¢Õß·ªÑß¥—¥·ª√µàÕ·√ß‡©◊Õπ·≈–§«“¡‡ªìπ°√¥‚¥¬„™â Rapid Visco Analyzer °“√

»÷°…“§«“¡§ßµ—«¢Õß·ªÑßµàÕ·√ß‡©◊Õπ ‚¥¬·ª√§«“¡‡√Á«√Õ∫°“√À¡ÿπ¢Õß„∫°«π‡ªìπ 3 √–¥—∫ §◊Õ 240,

320 ·≈– 480 √Õ∫µàÕπ“∑’ °“√»÷°…“§«“¡§ßµ—«¢Õß·ªÑßµàÕ§«“¡‡ªìπ°√¥ ‚¥¬‡µ‘¡∫—ø‡øÕ√å

citrate - phosphate ≈ß‰ª„π aluminium canister ‡æ◊ËÕ§«∫§ÿ¡ pH „ÀâÕ¬Ÿà„π√–¥—∫ 2.6, 3.0 ·≈– 4.0

- ¥â“π§«“¡§ßµ—«¢Õß·ªÑß¥—¥·ª√µàÕ°“√·™à·¢Áß·≈–°“√≈–≈“¬ (Freeze-thaw stability) [11] ‡µ√’¬¡

 “√≈–≈“¬·ªÑß√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—° ¡“∑”„Àâ‡ªìπ‡®≈„πÕà“ßπÌÈ“√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬ 

πÌÈ“Àπ—°µ—«Õ¬à“ß (°√—¡)

(value for blank - value for sample) ml x normality of HCI x 0.043 x 100
√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ´‘∑‘≈ =

(√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ´‘∑‘≈)
√–¥—∫°“√·∑π∑’Ë

{42 x (√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ´‘∑‘≈)}4,300

162

-

x
=

®”π«π‚¡≈¢Õß·Õ ‘́∑‘≈ / ®”π«π‚¡≈¢Õß·Õπ‰Œ‚¥√ - D - glucose unit

√–¥—∫°“√·∑π∑’Ë
ª√– ‘∑∏‘¿“æ¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ (%) =
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‡ªìπ‡«≈“ 10 π“∑’ À≈—ß®“°π—Èπ®÷ß∂à“¬‡®≈·ªÑßª√‘¡“µ√ 8 ¡‘≈≈‘≈‘µ√ ≈ß„π centrifuge tube ¢π“¥ 15

¡‘≈≈‘≈‘µ√ ∑’Ë∑√“∫πÈ”Àπ—°·≈â«ªî¥Ω“ ‡™Á¥À≈Õ¥∑¥≈Õß∑—ÈßÀ¡¥„Àâ·Àâß·≈–µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß®π‡¬Áπ

·≈â«®÷ßπ”À≈Õ¥∑¥≈Õß∑’Ë¡’‡®≈·ªÑß∫√√®ÿÕ¬Ÿà‰ª™—ËßπÈ”Àπ—°‡√‘Ë¡µâπ°àÕπ∑”°“√·™à·¢Áß·≈–°“√≈–≈“¬  (Wi)

π”À≈Õ¥∑¥≈Õß‡¢â“µŸâ·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘ -18 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 20 ™—Ë«‚¡ß ®÷ßπ”∂“¥‚ø¡ÕÕ°

¡“≈–≈“¬‚¥¬π”¡“·™à„πÕà“ßπÌÈ“√âÕπ∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‰«â∑’Ë 25-30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß

‡¡◊ËÕ§√∫µ“¡‡«≈“∑’Ë°”Àπ¥ π”‡©æ“–À≈Õ¥∑¥≈Õß∑’ËµâÕß°“√∑¥ Õ∫ cycle ·√°ÕÕ°¡“‡∑à“π—Èπ  à«π∑’Ë

‡À≈◊Õ®–π”‡¢â“µŸâ·™à·¢ÁßÕ’°§√—Èß  π”À≈Õ¥∑¥≈Õß¡“À¡ÿπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 8,000 √Õ∫µàÕπ“∑’ ‡ªìπ

‡«≈“ 10 π“∑’ À≈—ß®“°π—Èπ„Àâ∂à“¬πÈ”∑’Ë∫√‘‡«≥º‘«Àπâ“‡®≈·ªÑßÕÕ° π”À≈Õ¥∑¥≈Õß∑’Ë∂à“¬πÈ”ÕÕ°·≈â«¡“

™—ËßπÈ”Àπ—° ÿ¥∑â“¬ (Wf) ‡æ◊ËÕπ”¡“§”π«≥À“§à“ % syneresis ®“° Ÿµ√

π”À≈Õ¥∑¥≈Õß∑’Ë‡À≈◊ÕÕÕ°¡“≈–≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß„π«—π∑’Ë 2, 4 ·≈– 7  °àÕπ®–π”‰ª«—¥ % syneresis

‚¥¬∑”°“√∑¥≈Õß®”π«π 3 È́”

- ¥â“π≈—°…≥–‡π◊ÈÕ —¡º— ¢Õß‡®≈·ªÑß ÿ°‚¥¬‡§√◊ËÕß Texture Analyzer ª√–°Õ∫À—««—¥√Ÿª∑√ß°√–∫Õ°√ÿàπ

SMS P/20 ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 20 ¡‘≈≈‘‡¡µ√ ‡¢â“°—∫‡§√◊ËÕß Texture Analyzer (TA-XT2i, Stable

Micro System Co., Ltd., UK) ∑”°“√ calibrate force ‚¥¬„™âµÿâ¡πÈ”Àπ—°¡“µ√∞“π 5,000 °√—¡

calibrate probe ‚¥¬µ—Èß√–¬–À—««—¥„ÀâÀà“ß®“°·∑àπ«“ßµ—«Õ¬à“ß 40 ¡‘≈≈‘‡¡µ√ ‡≈◊Õ°√Ÿª·∫∫°“√«—¥‡ªìπ

·∫∫ compression force π”‡®≈∑’Ë‰¥â®“°°“√«‘‡§√“–Àå§«“¡Àπ◊¥¥â«¬‡§√◊ËÕß RVA ÷́Ëß‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘

4 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 18 ™—Ë«‚¡ß ¡“«—¥‡π◊ÈÕ —¡º— ¥â“π§«“¡·¢Áß (hardness)

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

3.1 °“√¥—¥·ª√·ªÑßæÿ∑∏√—°…“¥â«¬·Õ´‘µ‘°·Õπ‰Œ‰¥√¥å√âÕ¬≈– 5, 7 ·≈– 9 ‚¥¬πÈ”Àπ—°µàÕ
πÈ”Àπ—°·ªÑß
º≈°“√«‘‡§√“–Àåª√‘¡“≥À¡Ÿà·Õ ‘́∑‘≈ √–¥—∫°“√·∑π∑’Ë ·≈–ª√– ‘∑∏‘¿“æ¢Õß°“√∑”ªØ‘°‘√‘¬“· ¥ß¥—ß

µ“√“ß∑’Ë 1 æ∫«à“ª√‘¡“≥À¡Ÿà·Õ ‘́∑‘≈∑’Ë‰¥â„°≈â‡§’¬ß°—∫∑’Ë‰¥â§“¥§–‡π‰«â°àÕπ∑”°“√∑¥≈Õß §◊Õ §“¥«à“®–‰¥âÀ¡Ÿà·Õ´‘∑‘≈

∑’Ë√âÕ¬≈– 1.5, 2.0 ·≈– 2.5 µ“¡≈”¥—∫ · ¥ß«à“°“√¥—¥·ª√·ªÑßæÿ∑∏√—°…“¥â«¬«‘∏’·Õ´‘∑‘‡≈™—π∑’Ë√–¥—∫°“√·∑π∑’ËµË”

‡ªìπ°√–∫«π°“√∑’Ë§«∫§ÿ¡‰¥âßà“¬·≈–„Àâº≈∑’Ë¡’§«“¡·πàπÕπ Ÿß ª√– ‘∑∏‘¿“æ°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë‰¥â„°≈â‡§’¬ß°—∫∑’Ë

Wurzburg [12] ‰¥â√“¬ß“π‰«â«à“°“√¥—¥·ª√·ªÑß‚¥¬°“√·Õ´‘∑‘‡≈™—π¥â«¬·Õ´‘µ‘°·Õπ‰Œ‰¥√¥å∑’Ë√–¥—∫°“√·∑π∑’ËµË”

(DS < 0.1) ®–¡’ª√– ‘∑∏‘¿“æ„π°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ëª√–¡“≥√âÕ¬≈– 70 ‡π◊ËÕß®“°„π√–À«à“ß°√–∫«π°“√¥—¥·ª√®–

¡’°“√ Ÿ≠‡ ’¬·Õ´‘µ‘°·Õπ‰Œ‰¥√¥å∫“ß à«π®“°°“√‡°‘¥‰Œ‚¥√‰≈´‘  ‡¡◊ËÕπ”§à“√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ´‘∑‘≈∑’Ë·∑π∑’Ë„π·ªÑß

¥—¥·ª√¡“‡¢’¬π°√“ø§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥·Õ´‘µ‘°·Õπ‰Œ‰¥√¥å∑’Ë„™â„π°“√¥—¥·ª√·ªÑß (‰¡à‰¥â· ¥ß°√“ø) æ∫«à“

„π™à«ß§«“¡‡¢â¡¢âπ ·Õ´‘µ‘°·Õπ‰Œ‰¥√¥å∑’Ë√âÕ¬≈– 5-9 ª√‘¡“≥À¡Ÿà·Õ´‘∑‘≈®–·ª√º—π‚¥¬µ√ß°—∫ª√‘¡“≥¢Õß·Õ´‘µ‘°

·Õπ‰Œ‰¥√¥å∑’Ë‡µ‘¡≈ß‰ª ‚¥¬¡’§à“ regression coefficient (r2) ‡∑à“°—∫ 0.995 º≈∑’Ë‰¥âπ’È Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß

%syneresis =   Wi - Wf    × 100
                     Wi
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‡Õ°æ—π∏ÿå ·°â«¡≥’™—¬ [13] ∑’Ë∑”°“√¥—¥·ª√·ªÑß¡—π ”ª–À≈—ß ·ªÑß¢â“«‡®â“·≈–·ªÑß¢â“«‡Àπ’¬«¥â«¬«‘∏’·Õ´‘∑‘‡≈™—π

·≈–æ∫«à“ª√‘¡“≥À¡Ÿà·Õ ‘́∑‘≈¢Õß·ªÑß¥—¥·ª√∑—Èß “¡™π‘¥®–·ª√º—πµ√ß°—∫ª√‘¡“≥·Õ ‘́µ‘°·Õπ‰Œ‰¥√¥å∑’Ë„™â∑”

ªØ‘°‘√‘¬“‡™àπ‡¥’¬«°—π ·ªÑßæÿ∑∏√—°…“°‘π‰¥â¥—¥·ª√¥â«¬«‘∏’°“√·Õ´‘∑‘‡≈™—π∑’Ë¡’ª√‘¡“≥¢ÕßÀ¡Ÿà·Õ´‘∑‘≈ 1.5 -2.5 π’È ®—¥

‡ªìπ·ªÑß™π‘¥∑’Ë¡’√–¥—∫°“√·∑π∑’ËµË” (DS  0.1) ´÷Ëß‡ªìπ·ªÑß∑’ËÕπÿ≠“µ„Àâπ”‰ª„™â„πÕ“À“√‰¥âµ“¡¡“µ√∞“π

º≈‘µ¿—≥±åÕÿµ “À°√√¡ [17]

µ“√“ß∑’Ë 1 ª√‘¡“≥√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ´‘∑‘≈ √–¥—∫°“√·∑π∑’Ë ·≈–ª√– ‘∑∏‘¿“æ¢Õß°“√∑”ªØ‘°‘√‘¬“®“°°“√¥—¥·ª√

·ªÑßæÿ∑∏√—°…“¥â«¬«‘∏’·Õ´‘∑‘‡≈™—π

3.2 ≈—°…≥–¢Õß‡¡Á¥·ªÑß·Õ ‘́‡∑µ
≈—°…≥–‡¡Á¥·ªÑß‚¥¬ Scanning Electron Microscope
º≈∑’Ë‰¥â· ¥ß¥—ß√Ÿª∑’Ë 1 (°) æ∫«à“ ‡¡Á¥·ªÑßæÿ∑∏√—°…“∑’Ëºà“π°“√¥—¥·ª√∑’Ë¡’ª√‘¡“≥¢ÕßÀ¡Ÿà·Õ´‘∑‘≈√âÕ¬

≈– 1.5, 2.0 ·≈– 2.5 ‡¡Á¥·ªÑß‰¡à‡ ’¬ ¿“æ·≈–¬—ß§ß¡’≈—°…≥–‡ªìπ√Ÿª‰¢à °≈¡ º‘«¢Õß‡¡Á¥·ªÑß·Õ´‘‡∑µ§àÕπ¢â“ß‡√’¬∫

√Ÿª√à“ß·≈–¢π“¥¢Õß‡¡Á¥·ªÑß‰¡à‡ª≈’Ë¬π·ª≈ß Jarowenko [18] √“¬ß“π«à“ ‡¡◊ËÕ»÷°…“≈—°…≥–¢Õß‡¡Á¥·ªÑß∑’Ë¥—¥

·ª√‚¥¬«‘∏’·Õ ‘́∑‘‡≈™—π∑’Ë√–¥—∫°“√·∑π∑’ËµË” ∂÷ß 0.5 ¥â«¬ SEM æ∫«à“º‘«¢Õß‡¡Á¥·ªÑß®–‡√’¬∫¡’√Õ¬∫â“ß √Õ¬·µ°

À√◊Õ√ŸÕ“®‡°‘¥®“°°“√Õ∫·ªÑß Õ¬à“ß‰√°Áµ“¡ ß“π«‘®—¬ à«π„À≠à∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥—¥·ª√·ªÑß‚¥¬°“√‡µ‘¡À¡Ÿà·Õ´‘∑‘≈

∑’Ë√–¥—∫°“√·∑π∑’ËµË” æ∫«à“≈—°…≥–¢Õß‡¡Á¥·ªÑßÀ≈—ß°“√¥—¥·ª√‰¡à¡’§«“¡·µ°µà“ß®“°·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√ [16,

19]

≈—°…≥–º≈÷°¥â“π‰∫√’ø√‘π‡®π´å¢Õß‡¡Á¥·ªÑß‚¥¬°≈âÕß®ÿ≈∑√√»πå¿“¬„µâ· ß‚æ≈“‰√´å

º≈∑’Ë‰¥â· ¥ß¥—ß√Ÿª∑’Ë 1 (¢) æ∫«à“·ªÑß∑’Ëºà“π·≈–‰¡àºà“π°“√¥—¥·ª√¡’≈—°…≥–‰∫√’ø√‘π‡®π ǻ∑’Ë‰¡à·µ°µà“ß°—π

· ¥ß«à“‚§√ß √â“ßº≈÷°¢Õß·ªÑß‰¡à∂Ÿ°∑”≈“¬‰ª ¥—ßπ—Èπ°“√·∑π∑’Ë¥â«¬À¡Ÿà·Õ´‘∑‘≈®÷ßπà“®–‡°‘¥„π à«πÕ —≥∞“π´÷Ëß

‡ªìπ à«π∑’Ë “√‡§¡’‡¢â“‰ª∑”ªØ‘°‘√‘¬“‰¥âßà“¬  ∑”„Àâ‡¡Á¥·ªÑß¬—ß√—°…“‚§√ß √â“ßº≈÷°‰«â‰¥â [4, 18]

ª√– ‘∑∏‘¿“æ¢Õß
°“√∑”ªØ‘°‘√‘¬“ (%)

5 1.53 0.06 75.57

7 2.09 0.08 71.94

9 2.53 0.10 69.97

ª√‘¡“≥·Õ´‘µ‘° ·Õπ‰Œ‰¥√¥å
(√âÕ¬≈–µàÕπÈ”Àπ—°·ªÑß·Àâß)

√âÕ¬≈–¢ÕßÀ¡Ÿà·Õ´‘∑‘≈ √–¥—∫°“√·∑π∑’Ë
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(°) (¢)

3.3 æƒµ‘°√√¡§«“¡Àπ◊¥¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â∑’Ë¡’À¡Ÿà·Õ ‘́∑‘≈√âÕ¬≈– 0 - 2.5
Õ–¡‘‚≈·°√¡·≈–√Ÿª·∫∫°“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥¢Õß·ªÑß (pasting temperature) ¢Õß

·ªÑßæÿ∑∏√—°…“°‘π‰¥â∑’Ë¡’À¡Ÿà·Õ ‘́∑‘≈√âÕ¬≈– 0 - 2.5 · ¥ß¥—ß√Ÿª∑’Ë 2 ·≈– 3 µ“¡≈”¥—∫  ®–‡ÀÁπ«à“Õÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥

§«“¡Àπ◊¥¢Õß·ªÑß·Õ´‘‡∑µ®–µË”°«à“·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√  ·≈–Õÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥¢Õß·ªÑß·Õ´‘‡∑µ®–

≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 µ“¡ª√‘¡“≥¢ÕßÀ¡Ÿà·Õ´‘∑‘≈∑’Ë‡æ‘Ë¡¢÷Èπ  ·ªÑß

æÿ∑∏√—°…“°‘π‰¥â´÷Ëß¡’Õÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥‡ªìπ 70 Õß»“‡´≈‡´’¬  ®–¡’Õÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥≈¥≈ß‡ªìπ 64

Õß»“‡´≈‡´’¬  ‡¡◊ËÕºà“π°“√¥—¥·ª√„Àâ¡’ª√‘¡“≥À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 2.5 °“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥ ‡ªìπ

º≈®“°°“√∑’ËÀ¡Ÿà·Õ ‘́∑‘≈∑’Ë‡¢â“‰ª·∑π∑’Ë„π‚¡‡≈°ÿ≈¢Õß·ªÑß‚¥¬‡©æ“–„π à«πÕ —≥∞“π¢Õß‡¡Á¥·ªÑß ∑”„Àâ°“√¬÷¥‡°“–

√–À«à“ß‚¡‡≈°ÿ≈¢Õß·ªÑß¡’§«“¡·¢Áß·√ß≈¥≈ß ‡π◊ËÕß®“°À¡Ÿà·Õ´‘∑‘≈‰ª¢—¥¢«“ß°“√¬÷¥‡°“–°—π¥â«¬æ—π∏–‰Œ‚¥√‡®π

√–À«à“ß‚¡‡≈°ÿ≈ [20]  àßº≈„Àâ∫√‘‡«≥Õ —≥∞“π¢Õß‡¡Á¥·ªÑß¡’§«“¡·¢Áß·√ß≈¥≈ß ¥—ßπ—Èπ‡¡◊ËÕ„Àâ§«“¡√âÕπ·ªÑß

·Õ ‘́‡∑µ®–æÕßµ—«‰¥â‡√Á«°«à“·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√ [1] °“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥æ∫‰¥â„π·ªÑß

∑—Ë«‰ª∑’Ëºà“π°“√¥—¥·ª√‚¥¬«‘∏’·Õ´‘∑‘‡≈™—π∑’Ë√–¥—∫°“√·∑π∑’ËµË” ‚¥¬¡’√“¬ß“π«à“·ªÑß¥—¥·ª√®–¡’Õÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥

§«“¡Àπ◊¥≈¥≈ß„π™à«ß 5-12 Õß»“‡´≈‡´’¬  [3, 4, 8]

√Ÿª∑’Ë 1 ¿“æ≈—°…≥–¢Õß‡¡Á¥·ªÑßæÿ∑∏√—°…“®“° Scanning Electron Microscopy (SEM)

°”≈—ß¢¬“¬ 500 ‡∑à“ (°) ·≈–°≈âÕß®ÿ≈∑√√»πå¿“¬„µâ· ß‚æ≈“‰√´å (¢)

(a) ‡¡Á¥·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√

(b) ‡¡Á¥·ªÑß∑’Ëºà“π°“√¥—¥·ª√‚¥¬¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 1.53

(c) ‡¡Á¥·ªÑß∑’Ëºà“π°“√¥—¥·ª√‚¥¬¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 2.09

(d) ‡¡Á¥·ªÑß∑’Ëºà“π°“√¥—¥·ª√‚¥¬¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 2.53
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√Ÿª·∫∫°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡Àπ◊¥ Ÿß ÿ¥ (peak viscosity) ·≈–§à“ setback ¢Õß·ªÑßæÿ∑∏√—°…“°‘π

‰¥â∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5 · ¥ß¥—ß√Ÿª∑’Ë 4 ·ªÑßæÿ∑∏√—°…“∑’Ë‰¡àºà“π°“√¥—¥·ª√¡’§«“¡Àπ◊¥ Ÿß°«à“·ªÑß

æÿ∑∏√—°…“∑’Ëºà“π°“√¥—¥·ª√ (√Ÿª∑’Ë 4 °) º≈°“√∑¥≈Õß∑’Ë‰¥â§àÕπ¢â“ß¢—¥·¬âß°—∫√“¬ß“π à«π„À≠à∑’Ëæ∫«à“ ·ªÑß∑’Ëºà“π

°“√¥—¥·ª√‚¥¬°“√‡µ‘¡À¡Ÿà·Õ ‘́∑‘≈∑’Ë√–¥—∫°“√·∑π∑’ËµË” ®–¡’§«“¡Àπ◊¥¢Õß·ªÑß Ÿß°«à“·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√ [4 ,7,

9] ·¡â«à“®–¡’∫“ßß“π«‘®—¬∑’Ë√“¬ß“π«à“·ªÑß¥—¥·ª√¡’§«“¡Àπ◊¥≈¥≈ß‡≈Á°πâÕ¬À√◊Õ‰¡à‡ª≈’Ë¬π·ª≈ß [6, 16] °“√∑’Ë

§«“¡Àπ◊¥¢Õß·ªÑßæÿ∑∏√—°…“‰¡à‡æ‘Ë¡¢÷ÈπÕ“®‡°’Ë¬«¢âÕß°—∫Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß·ªÑßæÿ∑∏√—°…“ ®“°°“√»÷°…“

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â‚¥¬ Thitipraphunkul ·≈–§≥– [21] æ∫«à“·ªÑßæÿ∑∏√—°…“°‘π‰¥â¡’

À¡ŸàøÕ ‡øµ (øÕ ‡øµ‚¡‚π‡Õ ‡∑Õ√å) ·≈–·§≈‡´’¬¡„πª√‘¡“≥∑’Ë Ÿß‡¡◊ËÕ‡∑’¬∫°—∫·ªÑß™π‘¥Õ◊ËπÊ À¡ŸàøÕ ‡øµ·≈–

·§≈‡´’¬¡π’È®–¬÷¥‡Àπ’Ë¬«°—π∑”„Àâ·ªÑßæÿ∑∏√—°…“¡’ ¡∫—µ‘§≈â“¬°—∫·ªÑß§√Õ ≈‘ß ∑”„Àâ‡¡Á¥·ªÑß¡’§«“¡·¢Áß·√ß

°“√‡µ‘¡À¡Ÿà·Õ´‘∑‘≈®÷ß‰¡à¡’º≈∑”„Àâ§«“¡Àπ◊¥ Ÿß¢÷Èπ  πÕ°®“°π’È¬—ßæ∫«à“·ªÑß¡’§«“¡Àπ◊¥≈¥≈ß®“°‡¥‘¡¥â«¬ ´÷ËßÕ“®

√Ÿª∑’Ë 3  √Ÿª·∫∫°“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡°‘¥§«“¡Àπ◊¥¢Õß·ªÑßæÿ∑∏√—°…“

∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√–À«à“ß√âÕ¬≈– 0 - 2.5

√Ÿª∑’Ë 2  Õ–¡‘‚≈·°√¡¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â

·≈–·ªÑßæÿ∑∏√—°…“∑’Ëºà“π°“√¥—¥·ª√¥â«¬·Õ ‘́µ‘°·Õπ‰Œ‰¥√¥å√–¥—∫µà“ßÊ
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Õ∏‘∫“¬‰¥â®“° ¡∫—µ‘¢ÕßÀ¡Ÿà·Õ ‘́∑‘≈∑’Ë‡µ‘¡‡¢â“‰ª ‚¥¬À¡Ÿà·Õ´‘∑‘≈‡ªìπÀ¡Ÿà∑’Ë¡’ ¡∫—µ‘‰¡à™Õ∫πÈ” [2] ∑”„Àâ‚¡‡≈°ÿ≈πÈ”

·∑√°‡¢â“‰ª„π‡¡Á¥·ªÑß‰¥âπâÕ¬≈ß °“√æÕßµ—«·≈–§«“¡Àπ◊¥¢Õß·ªÑß®÷ß≈¥≈ß¥â«¬

·ªÑß¥—¥·ª√¡’§à“ setback ≈¥≈ß√âÕ¬≈– 35 - 43 (√Ÿª∑’Ë 4 ¢) §◊Õ®“° 108 ‡ªìπ 62, 70 ·≈– 70 RVU ‡¡◊ËÕ

¡’ª√‘¡“≥À¡Ÿà·Õ ‘́∑‘≈√âÕ¬≈– 1.5, 2.0 ·≈– 2.5 µ“¡≈”¥—∫ ‡π◊ËÕß®“°À¡Ÿà·∑π∑’Ë‰ª¬—∫¬—Èß°“√®—∫°—π„À¡à¢Õß‚¡‡≈°ÿ≈Õ–

¡‘‚≈ ·≈–‚ à́∑’Ë‡ªìπ “¬µ√ß¢ÕßÕ–¡‘‚≈‡æ§µ‘π ¥—ßπ—Èπ®÷ß “¡“√∂ √ÿª‰¥â«à“°“√¥—¥·ª√·ªÑßæÿ∑∏√—°…“°‘π‰¥â‚¥¬«‘∏’·Õ

´‘∑‘‡≈™—π “¡“√∂≈¥°“√§◊πµ—«¢Õß·ªÑß‰¥â

3.4 §«“¡§ßµ—«¢Õß·ªÑß¥—¥·ª√µàÕ°“√°«π

√Ÿª∑’Ë 5 · ¥ßº≈¢Õß§«“¡‡√Á«√Õ∫„π°“√°«πµàÕ§à“§«“¡Àπ◊¥ Ÿß ÿ¥·≈–§à“ setback ¢Õß·ªÑßæÿ∑∏√—°…“

æ∫«à“ §«“¡Àπ◊¥ Ÿß ÿ¥ (√Ÿª∑’Ë 5 °) ¢Õß∑—Èß·ªÑß¥—¥·ª√·≈–‰¡àºà“π°“√¥—¥·ª√®–≈¥≈ß„π√–¥—∫∑’Ë„°≈â‡§’¬ß°—π‡¡◊ËÕ

‡æ‘Ë¡§«“¡‡√Á«√Õ∫„π°“√°«π ‡π◊ËÕß®“°·√ß‡©◊Õπ®“°°“√°«π®–∑”„Àâ‡¡Á¥·ªÑß∑’ËæÕßµ—«·≈–‚¡‡≈°ÿ≈·ªÑß°√–®“¬µ—«

‰¥â¡“°¢÷Èπ àßº≈„Àâ§«“¡Àπ◊¥¢Õß·ªÑß‡ªï¬°≈¥≈ß  ”À√—∫§à“ setback (√Ÿª∑’Ë 5 ¢) æ∫«à“¡’§à“≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡

§«“¡‡√Á«√Õ∫„π°“√°«π ·ªÑß¥—¥·ª√∑’Ë∑ÿ°√–¥—∫°“√·∑π∑’Ë ¡’§à“ setback ∑’Ë§«“¡‡√Á«„π°“√°«πµà“ßÊ „°≈â‡§’¬ß°—π

·≈–µË”°«à“·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√
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√Ÿª∑’Ë 4  √Ÿª·∫∫°“√‡ª≈’Ë¬π§à“§«“¡Àπ◊¥ Ÿß ÿ¥ (°) ·≈–§à“ setback (¢)

¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â ∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5
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3.5 §«“¡§ßµ—«¢Õß·ªÑß¥—¥·ª√µàÕ ¿“æ§«“¡‡ªìπ°√¥
√Ÿª∑’Ë 6 ° · ¥ßº≈¢Õß pH ∑’Ë 2.6, 3.0 ·≈– 4.0 µàÕ§à“§«“¡Àπ◊¥ Ÿß ÿ¥¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â∑’Ë¡’

À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5 æ∫«à“‡¡◊ËÕ pH ≈¥≈ß®“° 6.8 ‡ªìπ 4.0 §«“¡Àπ◊¥ Ÿß ÿ¥¢Õß·ªÑßæÿ∑∏√—°…“®–≈¥≈ß

Õ¬à“ß™—¥‡®π ·µà‡¡◊ËÕ≈¥ pH ≈ß‰ªÕ’°®π∂÷ß 2.6 §à“§«“¡Àπ◊¥ Ÿß ÿ¥‰¡à‡ª≈’Ë¬π·ª≈ß¡“°π—° °“√∑’Ë·ªÑß¡’§«“¡Àπ◊¥

 Ÿß ÿ¥≈¥≈ß‡¡◊ËÕ pH ‡ªìπ°√¥¡“°¢÷Èπ ‡π◊ËÕß®“°„π ¿“æ°√¥æ—π∏–°≈Ÿ‚§´‘¥‘°®–∂Ÿ°‰Œ‚¥√‰≈ ǻ∑”„Àâ “¬·ªÑß¡’¢π“¥ —Èπ≈ß

¥—ßπ—Èπ§«“¡Àπ◊¥¢Õß·ªÑß®÷ß≈¥≈ß ∑’Ë pH µË”Ê (2.6-4.0) §«“¡Àπ◊¥ Ÿß ÿ¥¢Õß·ªÑß¥—¥·ª√®–¡’§à“„°≈â‡§’¬ß°—∫·ªÑß∑’Ë

‰¡àºà“π°“√¥—¥·ª√¡“°¢÷Èπ

√Ÿª∑’Ë 5  º≈¢Õß§«“¡‡√Á«√Õ∫„π°“√°«πµàÕ§«“¡Àπ◊¥ Ÿß ÿ¥ (°) ·≈–§à“ setback (¢)

¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â ∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5
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√Ÿª∑’Ë 6  º≈¢Õß pH µàÕ§«“¡Àπ◊¥ Ÿß ÿ¥ (°) ·≈–§à“ setback (¢)

¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â ∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5
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º≈¢Õß pH µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ setback (√Ÿª∑’Ë 6 ¢) æ∫«à“‡¡◊ËÕ≈¥ pH ≈ß®“° 6.8 ‡ªìπ 4.0 §à“

setback  ¡’§à“„°≈â‡§’¬ß°—π ·µà‡¡◊ËÕ≈¥ pH ®“° 4.0 ≈ß‰ª®π∂÷ß 3.0 ·≈– 2.6 §à“ setback ¡’§à“≈¥≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥

∑’Ë ¿“æ§«“¡‡ªìπ°√¥¡“°¢÷Èπ ‚¡‡≈°ÿ≈·ªÑß∂Ÿ°‰Œ‚¥√‰≈ ǻ´÷Ëß®–∑”„Àâ‚¡‡≈°ÿ≈¢Õß∑—ÈßÕ–¡‘‚≈ ·≈–Õ–¡‘‚≈‡æ§µ‘π°√–

®—¥°√–®“¬ÕÕ°¡“¡“° ‡¡◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘πà“®–‡°‘¥√’‚∑√‡°√‡¥™—π‰¥â¥’ (π—Ëπ§◊Õ setback §«√¡’§à“ Ÿß) ·µàº≈°“√

∑¥≈Õßæ∫«à“ ‡¡◊ËÕ‡ªìπ°√¥¡“°¢÷Èπ setback °≈—∫¡’§à“≈¥≈ßÕ¬à“ß™—¥‡®π ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°„π ¿“æ∑’Ë‡ªìπ°√¥

‚¡‡≈°ÿ≈πÈ”®–‡¢â“‰ª·∑√°Õ¬Ÿà√–À«à“ß “¬æÕ≈‘‡¡Õ√å¢Õß·ªÑß¡“°¢÷ÈπÀ√◊Õ “¬¢ÕßÕ–¡‘‚≈ ∑’Ë —Èπ≈ß∑”„Àâ‚¡‡≈°ÿ≈«àÕß‰«

¡“°¢÷Èπ ∑”„Àâ‚Õ°“ ∑’ËÕ–¡‘‚≈ ®–°≈—∫¡“ √â“ßæ—π∏–‰Œ‚¥√‡®π√–À«à“ß “¬æÕ≈‘‡¡Õ√å≈¥≈ß ¥—ßπ—Èπ§à“ setback ®÷ß

≈¥≈ß

3.6 §«“¡§ßµ—«¢Õß·ªÑß¥—¥·ª√µàÕ°“√·™à‡¬◊Õ°·¢Áß-≈–≈“¬
º≈°“√∑¥ Õ∫§«“¡§ßµ—«µàÕ°“√·™à‡¬◊Õ°·¢Áß-≈–≈“¬¢Õß‡®≈·ªÑßæÿ∑∏√—°…“·≈–·ªÑßæÿ∑∏√—°…“¥—¥·ª√

· ¥ß„π√Ÿª¢Õßª√‘¡“≥¢Õß‡À≈«∑’Ë·¬°‰¥â®“°‡®≈·ªÑß ÿ°∑’Ëºà“π°“√·™à‡¬◊Õ°·¢Áß-≈–≈“¬ (% syneresis) º≈°“√

∑¥≈Õß· ¥ß¥—ß√Ÿª∑’Ë 7 æ∫«à“°“√‡°‘¥ syneresis ¢Õß‡®≈·ªÑß‡æ‘Ë¡¢÷Èπ‡¡◊ËÕºà“π°“√·™à‡¬◊Õ°·¢Áß-≈–≈“¬®”π«π√Õ∫

¡“°¢÷Èπ ·ªÑßæÿ∑∏√—°…“°‘π‰¥â∑’Ë‰¡àºà“π°“√¥—¥·ª√®–¡’ª√‘¡“≥¢Õß‡À≈«ÕÕ°¡“®“°‡®≈¡“°°«à“·ªÑßæÿ∑∏√—°…“°‘π

‰¥â∑’Ëºà“π°“√¥—¥·ª√·≈â« º≈°“√∑¥≈Õß∑’Ë‰¥âπ’È π—∫ πÿπº≈∑’Ë‰¥â®“° RVA ´÷Ëßæ∫«à“·ªÑß¥—¥·ª√‡°‘¥√’‚∑√‡°√‡¥™—π≈¥

≈ß ‡¡◊ËÕ·™à‡¬◊Õ°·¢Áßπ“π¢÷Èπæ∫«à“‡®≈¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â∑’Ë‰¡àºà“π°“√¥—¥·ª√¡’πÈ”ÕÕ°¡“¡“°¢÷Èπ·≈–‡®≈¡’

≈—°…≥–§≈â“¬øÕßπÈ”∑’Ë¡’√Ÿæ√ÿπ  à«π‡®≈¢Õß·ªÑß∑’Ëºà“π°“√¥—¥·ª√π—Èπ®–¡’≈—°…≥–‡ªìπ‡®≈ÕàÕππÿà¡·≈–¬—ß§ß¡’

≈—°…≥–‡ªìπ¢Õß‰À≈
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√Ÿª∑’Ë 7  º≈¢Õß°“√·™à‡¬◊Õ°·¢Áß-≈–≈“¬µàÕ % syneresis

¢Õß·ªÑßæÿ∑∏√—°…“°‘π‰¥â ∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5
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3.7 §«“¡·¢Áß¢Õß‡®≈·ªÑß ÿ°
√Ÿª∑’Ë 8 · ¥ß√Ÿª·∫∫¢Õß≈—°…≥–‡π◊ÈÕ —¡º— ¢Õß‡®≈·ªÑßæÿ∑∏√—°…“°‘π‰¥â·≈–µ“√“ß∑’Ë 2  √ÿª§à“§«“¡

·¢Áß¢Õß‡®≈¢Õß·ªÑßæÿ∑∏√—°…“∑’Ëºà“π·≈–‰¡àºà“π°“√¥—¥·ª√ æ∫«à“·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√®–¡’§à“§«“¡·¢Áß¢Õß

‡®≈ Ÿß ÿ¥ (2,392 °√—¡)  à«π·ªÑßæÿ∑∏√—°…“°‘π‰¥â∑’Ëºà“π°“√¥—¥·ª√·≈â«¡’§à“§«“¡·¢Áß¢Õß‡®≈µË”°«à“·ªÑß∑’Ë‰¡àºà“π

°“√¥—¥·ª√¡“° (205 °√—¡ „π·ªÑß∑’Ë¡’ª√‘¡“≥À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 2.5) §«“¡·¢Áß¢Õß‡®≈π’È‡ªìπ¥—™π’´÷Ëß “¡“√∂∫àß™’È

§«“¡ “¡“√∂„π°“√§◊πµ—«¢Õß·ªÑß‰¥â  [22] º≈°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Liu ·≈–§≥– [6] ∑’Ë¥—¥·ª√

·ªÑß¢â“«‚æ¥¥â«¬«‘∏’·Õ ‘́∑‘‡≈™—π∑”„Àâ‡®≈¢Õß·ªÑß¥—¥·ª√¡’§«“¡·¢Áß≈¥≈ß ®“°√Ÿª®– —ß‡°µ‡ÀÁπ«à“„π™à«ß∑’Ë¥÷ßÀ—««—¥

¢÷Èπ¡“‡ âπ°√“ø¢Õß·ªÑß∑’Ëºà“π°“√¥—¥·ª√¡’À“ß¬“« ∑—Èßπ’È‡π◊ËÕß®“°·ªÑß¡’ adhesiveness ‡æ‘Ë¡¢÷Èπ

µ“√“ß∑’Ë 2  §«“¡·¢Áß¢Õß‡®≈·ªÑß∑’Ë‰¥â®“°°“√¥â«¬‡§√◊ËÕß Texture analyzer

™π‘¥·ªÑß

Native 2,392.12

1.5 % Acetyl 196.59

2.0 % Acetyl 191.69

2.5 % Acetyl 204.62
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√Ÿª∑’Ë 8  √Ÿª·∫∫¢Õß≈—°…≥–‡π◊ÈÕ —¡º— ¢Õß·ªÑß‡ªï¬°®“°·ªÑßæÿ∑∏√—°…“°‘π‰¥â ∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈√âÕ¬≈– 0 - 2.5
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4.  √ÿªº≈°“√«‘®—¬

·ªÑßæÿ∑∏√—°…“¥—¥·ª√‚¥¬«‘∏’·Õ ‘́∑‘‡≈™—π∑’Ë‰¥â®“°ß“π«‘®—¬π’È¡’√–¥—∫°“√·∑π∑’Ë 0.06-0.1 ÷́ËßÕ¬Ÿà„π√–¥—∫∑’Ë

¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ [17] Õπÿ≠“µ„Àâ„™â‰¥â„πº≈‘µ¿—≥±åÕ“À“√ (√–¥—∫°“√·∑π∑’Ë‰¡à‡°‘π 0.1) ·ªÑß¥—¥

·ª√∑’Ë¡’À¡Ÿà·Õ´‘∑‘≈∑—Èß “¡√–¥—∫¡’ ¡∫—µ‘∑“ß‡§¡’°“¬¿“æ∑’Ë„°≈â‡§’¬ß°—π ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“æƒµ‘°√√¡§«“¡

Àπ◊¥¢Õß·ªÑß °“√∑¥ Õ∫§«“¡§ßµ—«µàÕ°“√·™à·¢Áß·≈–°“√∑¥ Õ∫ ¡∫—µ‘¢Õß‡®≈·ªÑß∑’Ë‰¥â ∫àß™’È«à“·ªÑß¥—¥·ª√¡’

°“√§◊πµ—«≈¥≈ßÕ¬à“ß™—¥‡®π·¡â«à“·ªÑß®–¡’§«“¡Àπ◊¥≈¥≈ß‡≈Á°πâÕ¬ ·ªÑß¥—¥·ª√¡’§«“¡§ßµ—«µàÕ°“√°«π·≈– pH „π

√–¥—∫∑’Ë„°≈â‡§’¬ß°—∫·ªÑß∑’Ë‰¡àºà“π°“√¥—¥·ª√ ®“° ¡∫—µ‘¢Õß·ªÑß∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ«à“·ªÑßæÿ∑∏√—°…“¥—¥·ª√¡’

»—°¬¿“æ∑’Ë®–π”‰ª„™â‡ªìπ “√„Àâ§«“¡¢âπÀπ◊¥„πº≈‘µ¿—≥±åÕ“À“√‰¥â

5. °‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ∑ÿπ«‘®—¬®“°»Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–‡∑§‚π‚≈¬’™’«¿“æ·Ààß™“µ‘
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