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∫∑§—¥¬àÕ
ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“√âÕ¬≈–°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°¢Õß‡§≈◊Õ∫

øíπ·≈–§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ∑’Ë ≈“¬ÕÕ°¡“¿“¬„π “√≈–≈“¬∑’Ë®”≈Õß ¿“«–
™àÕßª“° ∑”°“√∑¥≈Õß‚¥¬‡µ√’¬¡™‘Èπ‡§≈◊Õ∫øíπ«—« 96 ™‘Èπ  ÿà¡·∫àß‡¢â“ 4 °≈ÿà¡ §◊Õ “√≈–≈“¬
°√¥·≈§µ‘§ (°≈ÿà¡ 1) πÈ”≈“¬‡∑’¬¡ (°≈ÿà¡ 2) πÈ”≈“¬‡∑’¬¡∑’Ëº ¡°√¥·≈§µ‘§ (°≈ÿà¡ 3) πÈ”≈“¬-
‡∑’¬¡º ¡°√¥·≈§µ‘§·≈–º≈÷°‰Œ¥√Õ° ’́Õ–æ“‰∑µå —ß‡§√“–Àå (°≈ÿà¡ 4) ·µà≈–°≈ÿà¡∑¥ Õ∫„π
5 ™—Ë«‚¡ß 24 ™—Ë«‚¡ß 72 ™—Ë«‚¡ß ·≈– 168 ™—Ë«‚¡ß (n=6) ‡¡◊ËÕ ‘Èπ ÿ¥‡«≈“®–¥Ÿ¥ “√µ—«Õ¬à“ß‰ª
‡®◊Õ®“ß‡æ◊ËÕ«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¥â«¬‡§√◊ËÕßÕ‘π¥—°∑’ø≈’ §—∫‡ªîô≈
æ≈“ ¡“  ‡ª§‚µ√¡‘‡µÕ√å  à«π™‘Èπµ—«Õ¬à“ß®–∂Ÿ°∑”§«“¡ –Õ“¥·≈–‡ªÉ“·Àâß  ÿ¥∑â“¬™—ËßÀ“
πÈ”Àπ—°·≈â«§”π«≥‡ªìπ§à“√âÕ¬≈–¢ÕßπÈ”Àπ—°∑’Ë‡ª≈’Ë¬π·ª≈ß ®“°º≈°“√∑¥≈Õßæ∫§«“¡
·µ°µà“ß¢Õß§à“√âÕ¬≈–°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°¢Õß∑ÿ°°≈ÿà¡„π∑ÿ°™à«ß‡«≈“ ‚¥¬§à“√âÕ¬≈–°“√
À“¬‰ª¢ÕßπÈ”Àπ—°‡√’¬ß≈”¥—∫®“°¡“°‰ªπâÕ¬§◊Õ °≈ÿà¡ 1, 3, ·≈– 4  à«π°≈ÿà¡ 2 ¡’§à“√âÕ¬≈–
¢ÕßπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë 168 ™—Ë«‚¡ß æ∫
§«“¡·µ°µà“ß§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π “√≈–≈“¬¢Õß∑ÿ°°≈ÿà¡„π∑ÿ°™à«ß
‡«≈“¬°‡«âπ∑’Ë 168 ™—Ë«‚¡ß ¢Õß°≈ÿà¡ 1 ·≈–°≈ÿà¡ 4 ‡¡◊ËÕ√–¬–‡«≈“°“√·™àµ—«Õ¬à“ß„π
 “√≈–≈“¬·µà≈–°≈ÿà¡π“π¢÷Èπ¡’‡©æ“–°≈ÿà¡ 2 ∑’Ë§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ„π
 “√≈–≈“¬¡’§à“≈¥≈ß·≈–æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë 168 ™—Ë«‚¡ß  à«π°≈ÿà¡
4 §«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ∑’Ë‡æ‘Ë¡¢÷Èπ„π “√≈–≈“¬‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘„π∑ÿ°™à«ß‡«≈“ ®“°°“√∑¥≈Õßπ’È √ÿª‰¥â«à“„π ¿“«–∑’Ë¡’°√¥®–æ∫°“√À“¬
‰ª¢ÕßπÈ”Àπ—°™‘Èπ‡§≈◊Õ∫øíπ ‚¥¬ “√≈–≈“¬∑’Ë¡’§«“¡Õ‘Ë¡µ—«¢Õß·√à∏“µÿ¡“°®–™à«¬™–≈Õ°“√
 Ÿ≠‡ ’¬πÈ”Àπ—°¢Õßøíπ≈ß‰¥â

∫∑π”

‚√§øíπºÿ‡ªìπ°√–∫«π°“√ Ÿ≠‡ ’¬·√à∏“µÿÕÕ°®“°‡§≈◊Õ∫øíπ·≈–‡π◊ÈÕøíπ “‡Àµÿ¡“
®“°°√¥´÷Ëß‡ªìπº≈º≈‘µ®“°°√–∫«π°“√¬àÕ¬ ≈“¬Õ“À“√ª√–‡¿∑§“√å‚∫‰Œ‡¥√µ¢Õß‡™◊ÈÕ
·∫§∑’‡√’¬ °“√»÷°…“„πªí®®ÿ∫—πæ∫«à“‚√§øíπºÿπ—Èπ¡’ “‡Àµÿ¡“®“°À≈“¬ªí®®—¬√à«¡°—π ‰¥â·°à
§«“¡‰«¢ÕßøíπµàÕ°“√‡°‘¥‚√§ »—°¬¿“æ·≈–ª√‘¡“≥¢Õß‡™◊ÈÕ∑’Ë°àÕ„Àâ‡°‘¥‚√§øíπºÿ ™π‘¥·≈–
§«“¡∂’Ë¢Õß°“√√—∫ª√–∑“πÕ“À“√ ·≈–¡’πÈ”≈“¬‡ªìπªí®®—¬„π°“√µàÕµâ“π°“√‡°‘¥‚√§6,11-12

‡π◊ËÕß®“°πÈ”≈“¬¡’§ÿ≥ ¡∫—µ‘¥â“πµà“ß Ê °≈à“«§◊Õ °“√‰À≈¢ÕßπÈ”≈“¬®–™à«¬™–≈â“ßÕ“À“√
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¡’·√à∏“µÿ‡ªìπÕß§åª√–°Õ∫®”π«π¡“°®÷ß “¡“√∂¡’°“√§◊π·√à∏“µÿ
°≈—∫ Ÿàº‘«øíπ‰¥â  πÕ°®“°π—Èπ¬—ß¡’§«“¡ “¡“√∂„π°“√‡ªìπ∫—ø‡øÕ√å
∑’Ë®–™à«¬ªÑÕß°—π°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“§«“¡‡ªìπ°√¥¥à“ß„π™àÕß
ª“°15,24,27 ¥—ßπ—Èπ®–‡°‘¥‚√§øíπºÿ‡¡◊ËÕ¡’°“√‡ ’¬ ¡¥ÿ≈√–À«à“ßªí®®—¬
∑’Ë∑”„Àâ‡°‘¥‚√§À√◊Õ°“√ Ÿ≠‡ ’¬·√à∏“µÿ °—∫ªí®®—¬∑’ËªÑÕß°—π°“√‡°‘¥
‚√§À√◊Õ°“√§◊π·√à∏“µÿ ‚¥¬¡’°√¥·≈§µ‘§‡ªìπ “‡Àµÿ ”§—≠„π°“√
‡°‘¥‚√§øíπºÿ‡π◊ËÕß®“°‡¡◊ËÕ‰¥â√—∫πÈ”µ“≈´Ÿ‚§√ ®–æ∫ª√‘¡“≥¢Õß
°√¥·≈§µ‘§‡æ‘Ë¡¢÷Èπ¡“°Õ¬à“ß√«¥‡√Á«‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°√¥™π‘¥
Õ◊Ëπ14,21,25 ·≈–¬—ßæ∫§«“¡ —¡æ—π∏å¢Õßª√‘¡“≥°√¥·≈§µ‘§∑’Ë‡æ‘Ë¡
¢÷Èπ„ππÈ”≈“¬°—∫§à“§«“¡‡ªìπ°√¥¥à“ß∑’Ë≈¥≈ß¿“¬„π·ºàπ§√“∫
®ÿ≈‘π∑√’¬å20

®“°°“√»÷°…“¢Õß Margolis, Murphy ·≈– Moreno22 ‰¥â
®”≈Õß°“√‡°‘¥øíπºÿ¥â«¬ “√≈–≈“¬∫—ø‡øÕ√å·≈§µ‘§∑’Ë¡’§«“¡Õ‘Ë¡
µ—«¢Õß·√à∏“µÿ·§≈‡´’¬¡øÕ ‡øµ„π√–¥—∫µà“ß Ê æ∫«à“ ‰¡à‰¥â¡’‡æ’¬ß
·µà§à“§«“¡‡ªìπ°√¥¥à“ß¢Õß “√≈–≈“¬∑’Ë®– –∑âÕπ°“√ Ÿ≠‡ ’¬
·√à∏“µÿ¢Õßøíπ  ·µàÕ—µ√“°“√ Ÿ≠‡ ’¬·√à∏“µÿ¬—ß¢÷Èπ°—∫√–¥—∫§«“¡Õ‘Ë¡µ—«
(degree of saturation) ¢Õß “√≈–≈“¬∑’Ë„™â®”≈Õß°“√‡°‘¥øíπºÿ¥â«¬
 Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Gao ·≈–§≥–13 ∑’Ëæ∫«à“ √–¥—∫§«“¡
Õ‘Ë¡µ—«¢Õß·√à∏“µÿ¿“¬„π “√≈–≈“¬∑’Ë„™â®”≈Õß°“√‡°‘¥øíπºÿπ—Èπ¡’
º≈µàÕÕ—µ√“°“√≈ÿ°≈“¡¢Õß√Õ¬‚√§∑’Ë‡°‘¥¢÷Èπ„π‡§≈◊Õ∫øíπ¡“°
°«à“§à“§«“¡‡ªìπ°√¥¥à“ß  ·≈–¬—ß¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õß
°“√„ à·§≈‡´’¬¡øÕ ‡øµ‡ √‘¡≈ß„π “√≈–≈“¬æ∫«à“ “¡“√∂
™à«¬≈¥°“√ Ÿ≠‡ ’¬·√à∏“µÿ¢Õß‡§≈◊Õ∫øíπ‰¥â4,28 πÕ°®“°π—Èπ°“√„™â
‡§´’πøÕ ‚ø‡ªª‰∑¥å-Õ–¡Õ√åøí ·§≈‡´’¬¡øÕ ‡øµ (Casein
phosphopeptide-amorphous calcium phosphate, CPP-ACP, ’́æ’æ’-
‡Õ´’æ’) ´÷Ëß‡ªìπ “√ª√–°Õ∫¢Õß·§≈‡´’¬¡ øÕ ‡øµ∑’Ë°”≈—ß‰¥â√—∫
§«“¡ π„®„πªí®®ÿ∫—π  “¡“√∂∑”„Àâ‡§≈◊Õ∫øíπ∑’Ë∂Ÿ° ÷°°√àÕπ¥â«¬
‡§√◊ËÕß¥◊Ë¡‚§≈“¡’§«“¡·¢Áßº‘«‡æ‘Ë¡¢÷Èπ®“°°“√µ°µ–°Õπ¢Õß·√à∏“µÿ
‡¢â“‰ªµ“¡√Ÿæ√ÿπ1

°“√»÷°…“∑’Ëºà“π¡“®–∑”°“√«‘‡§√“–Àå°“√ Ÿ≠‡ ’¬·√à∏“µÿ
¢Õß‡§≈◊Õ∫øíπ¥â«¬«‘∏’°“√∑’Ë·µ°µà“ß°—π ‡™àπ  °“√„™â°≈âÕß®ÿ≈∑√√»πå
·∫∫„™â· ß‚æ≈“‰√´å (polarized light microscopy) ´÷Ëß®–‡ÀÁπ°“√
À—°‡À· ß‡ªìπ 4 ‡¢µ§◊Õ surface zone, body zone, dark zone ·≈–
translucent zone ‡π◊ËÕß®“°„π·µà≈–‡¢µ®–¡’§«“¡æ√ÿπ∑’Ëµà“ß°—π
 à«π°“√«‘‡§√“–Àå¥â«¬¿“æ®ÿ≈°“¬«‘¿“§√—ß ’ (microradiograph) ®–
æ‘®“√≥“®“°§«“¡Àπ“·πàπ¢Õß·√à∏“µÿ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª22,31 ∑—Èß 2
«‘∏’π’È “¡“√∂À“ª√‘¡“≥°“√ Ÿ≠‡ ’¬·√à∏“µÿ‚¥¬∑”°“√«—¥§«“¡≈÷°
°“√≈ÿ°≈“¡¢Õß√Õ¬‚√§∑’Ë‡°‘¥¢÷Èπ∫π¿“æ∑’Ëª√“°Ø ·≈–¬—ß¡’°“√
«‘‡§√“–Àå‚¥¬°“√„™â°“√∂à“¬¿“æ√—ß ’‡Õ°´å‡æ◊ËÕ¥Ÿ≈—°…≥– ¿“æ

°“√∑÷∫√—ß ’∑’Ë‡ª≈’Ë¬π·ª≈ß‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡2 Õ¬à“ß‰√-
°Áµ“¡ °“√«‘‡§√“–Àå¥â«¬«‘∏’‡À≈à“π’È‰¡à “¡“√∂«—¥§«“¡·µ°µà“ß‰¥â
∂â“¡’°“√ Ÿ≠‡ ’¬·√à∏“µÿÕÕ°®“°øíπ‡æ’¬ß‡≈Á°πâÕ¬ Õ’°«‘∏’∑’Ëπ‘¬¡„™â
»÷°…“°“√ ÷°°√àÕπ¢Õßº‘«‡§≈◊Õ∫øíπ§◊Õ°“√„™â‡§√◊ËÕß«—¥§«“¡À¬“∫
¢Õßæ◊Èπº‘« (profilometer) ́ ÷Ëß®–µ√«®«—¥ (scan) ∫πº‘«∑’Ë¡’°“√ Ÿ≠‡ ’¬
·√à∏“µÿ‡ª√’¬∫‡∑’¬∫°—∫∫√‘‡«≥º‘«ª°µ‘·≈â«§”π«≥ÕÕ°¡“‡ªìπ§à“
§«“¡≈÷°∑’Ë‡°‘¥¢÷Èπ4 ·≈–¬—ß¡’°“√‡ª√’¬∫‡∑’¬∫§«“¡·¢Áßº‘«¢Õß
‡§≈◊Õ∫øíπ∑—Èß°àÕπ·≈–À≈—ß°“√ºà“π·∫∫®”≈Õß°“√‡°‘¥øíπºÿ1

πÕ°®“°π—Èπ„πÀâÕßªØ‘∫—µ‘°“√¬—ß “¡“√∂«‘‡§√“–Àå°“√ Ÿ≠‡ ’¬·√à
∏“µÿ¢Õßøíπ‰¥â®“°°“√«—¥§«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ∑’Ë ≈“¬ÕÕ°¡“
„π “√≈–≈“¬¥â«¬‡§√◊ËÕß«‘‡§√“–Àå ‡ª§µ√—¡¢Õß·√à∏“µÿ5,23  ”À√—∫
‡§≈◊Õ∫øíπ∑’Ë¡’Õß§åª√–°Õ∫¢Õßº≈÷°·√à∏“µÿ·§≈‡´’¬¡øÕ ‡øµ®—¥
‡√’¬ßµ—«°—πÕ¬à“ßÀπ“·πàπ ‡¡◊ËÕ —¡º— °—∫°√¥®–∑”„Àâ¢Õ∫¢Õßº≈÷°
¡’°“√ ≈“¬·√à∏“µÿÕÕ°¡“ º≈÷°®÷ß¡’¢π“¥‡≈Á°≈ß™àÕß«à“ß√–À«à“ß
º≈÷°°«â“ß¢÷Èπ ´÷Ëß∂◊Õ‡ªìπ°“√‡æ‘Ë¡√Ÿæ√ÿπ¿“¬„π‡π◊ÈÕ‡¬◊ËÕ17,29 ¥—ßπ—Èπ
‡¡◊ËÕ‚§√ß √â“ß·≈–Õß§åª√–°Õ∫‡ª≈’Ë¬π·ª≈ß‰ª®÷ß àßº≈„Àâ¡’°“√
‡ª≈’Ë¬π·ª≈ß¢ÕßπÈ”Àπ—° °“√»÷°…“∑’Ëºà“π¡“‡°’Ë¬«°—∫°“√‡æ‘Ë¡
§«“¡Õ‘Ë¡µ—«¢Õß·√à∏“µÿ¥â«¬º≈÷°‰Œ¥√Õ°´’Õ–æ“‰∑µå·≈–«‘‡§√“–Àå
°“√ Ÿ≠‡ ’¬·√à∏“µÿ¢Õß‡§≈◊Õ∫øíπ‚¥¬æ‘®“√≥“®“°§à“√âÕ¬≈–¢Õß
πÈ”Àπ—°∑’ËÀ“¬‰ª°—∫§«“¡‡¢â¡¢âπ¢Õß·§≈‡ ’́¬¡‰ÕÕÕπ∑’Ë ≈“¬ÕÕ°
¡“„π “√≈–≈“¬¬—ß‰¡à‡§¬¡’ºŸâ∑”¡“°àÕπ ¥—ßπ—Èπ°“√»÷°…“π’È®÷ß¡’
«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“√âÕ¬≈–°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°
¢Õß‡§≈◊Õ∫øíπ·≈–§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π
 “√≈–≈“¬ „π ¿“«–®”≈Õß™àÕßª“°·∫∫µà“ß Ê

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

°“√‡µ√’¬¡™‘Èπµ—«Õ¬à“ß
ª√–™“°√∑’Ë„™â„π°“√»÷°…“π’È§◊Õøíπµ—¥´’Ë°≈“ß¢Õß«—«∑’Ë‰¡à¡’

√Õ¬ºÿÀ√◊Õ ÷°¥â“π„°≈â·°â¡ ¢π“¥„°≈â‡§’¬ß°—π®”π«π 25 ́ ’Ë ·≈–∂Õπ
ÕÕ°¡“‰¡à‡°‘π 6 ‡¥◊Õπ ‰¥â¡“®“°«—«∑’Ë‚√ß¶à“ —µ«å„π¿“§µ–«—πÕÕ°-
‡©’¬ß‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬ ¿“¬À≈—ß®“°∂Õπ‡°Á∫√—°…“øíπ‰«â„π
πÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.9 ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬ 
®“°π—Èππ”¡“°√Õµ—¥µ“¡¢«“ß¥â«¬‡§√◊ËÕß°√Õµ—¥øíπ§«“¡‡√Á«µË”
(Isomet 1000; Buehler, Lake Bluff, IL, USA) ·µà≈–™‘Èπ°«â“ß 8.0
¡‘≈≈‘‡¡µ√ °”®—¥º‘«‡§≈◊Õ∫øíπ¥â“π„°≈â≈‘Èπ·≈–™—Èπ‡π◊ÈÕøíπÕÕ°
∑—ÈßÀ¡¥¥â«¬°√–¥“…´‘≈‘°Õπ§“√å‰∫¥å§«“¡≈–‡Õ’¬¥ 400 ·≈–À—«°√Õ
°“°‡æ™√√Ÿª√—°∫’È√à«¡°—∫°“√„™â¥â“¡°√Õøíπ·∫∫‡√Á«·≈–¥â“¡°√Õøíπ
·∫∫™â“ °”Àπ¥¢π“¥™‘Èπ‡§≈◊Õ∫øíπ∑’Ë®–„™â∑¥ Õ∫¥â«¬°√–¥“…°“«
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1 Àπâ“ (3M, Bangkok, Thailand) °«â“ß 5.0 ¡‘≈≈‘‡¡µ√ ¬“« 7.0
¡‘≈≈‘‡¡µ√ ·≈â«®÷ß°√Õµ—¥„Àâ‰¥âµ“¡¢Õ∫‡¢µ¥â«¬À—«°√Õ‡√Á«°“°‡æ™√
√Ÿª∑√ß°√–∫Õ° ≈Õ°°√–¥“…°“«ÕÕ°π”™‘Èπ‡§≈◊Õ∫øíπ∑’Ë‰¥â‰ª
∑”§«“¡ –Õ“¥¥â«¬‡§√◊ËÕß§≈◊Ëπ‡ ’¬ß§«“¡∂’Ë Ÿß (Transsonic digitals,
Elma, Hohentwiel, Germany) √à«¡°—∫πÈ”ª√“»®“°‰ÕÕÕππ“π 10
π“∑’ ´—∫™‘Èπ‡§≈◊Õ∫øíπ„Àâ·Àâß·≈–‡ªÉ“¥â«¬°√–∫Õ°©’¥√«¡π“π 1
π“∑’ ·≈â«®÷ßπ”‰ª™—ËßÀ“πÈ”Àπ—°‡√‘Ë¡µâπ¥â«¬‡§√◊ËÕß™—Ëß™π‘¥≈–‡Õ’¬¥
∑»π‘¬¡ 4 µ”·Àπàß (Balance, BP110S, Sartorius, Gottingen,
Germany) ·≈–«—¥¢π“¥´È”¥â«¬‡«Õ√å‡π’¬·§≈‘ª‡ªÕ√å ¥‘®‘µÕ≈
(Mitutoyo, Tokyo, Japan) ™‘Èπ‡§≈◊Õ∫øíπ∑’Ë®–π”¡“‡ªìπ™‘Èπµ—«Õ¬à“ß
„π°“√»÷°…“∑—ÈßÀ¡¥ 96 ™‘Èπ µâÕß¡’§«“¡°«â“ß 5.0±0.5 ¡‘≈≈‘‡¡µ√
§«“¡¬“« 7.0±0.5 ¡‘≈≈‘‡¡µ√ ·≈–§«“¡Àπ“ 1.0±0.3 ¡‘≈≈‘‡¡µ√
æ◊Èπº‘«¥â“π„π‰¡à¡’‡π◊ÈÕøíπÀ≈ß‡À≈◊ÕÕ¬Ÿà·≈–¡’πÈ”Àπ—° 110±30 ¡‘≈≈‘-
°√—¡ °àÕπ‡√‘Ë¡°“√∑¥≈Õß™‘Èπµ—«Õ¬à“ß·≈–¿“™π–æ≈“ µ‘°æ√âÕ¡
Ω“ªî¥®–∑”≈“¬‡™◊ÈÕ (disinfection) ‚¥¬°“√·™à„π‡Õ∑‘≈·Õ≈°ÕŒÕ≈å
√âÕ¬≈– 70 π“π 10 π“∑’ ®“°π—Èπ —́∫„Àâ·Àâß¥â«¬ºâ“°Õ´ª√“»®“°
‡™◊ÈÕ30 ·≈â«‡°Á∫™‘Èπµ—«Õ¬à“ß‰«â„π¿“™π–√Õ “√≈–≈“¬∑¥≈Õß

«‘∏’°“√∑¥≈Õß
„™â«‘∏’°“√ ÿà¡·∫∫ßà“¬‡æ◊ËÕ®—¥™‘Èπµ—«Õ¬à“ß‡¢â“ 4 °≈ÿà¡»÷°…“

‰¥â·°à ™‘Èπµ—«Õ¬à“ß·™à„π “√≈–≈“¬°√¥·≈§µ‘§ (UNIVAR, Ajax
Finechem, Australia) §«“¡‡¢â¡¢âπ 0.07 ‚¡≈“√å (πÈ”ª√“»®“°‰ÕÕÕπ
10 ¡‘≈≈‘≈‘µ√ À¬¥ “√≈–≈“¬°√¥·≈§µ‘§√âÕ¬≈– 85 ≈ß‰ª 57
‰¡‚§√≈‘µ√ ‡¢¬à“„Àâ‡¢â“°—π 10 «‘π“∑’, pH 2.32±0.02) (°≈ÿà¡ 1) ™‘Èπ
µ—«Õ¬à“ß·™à„ππÈ”≈“¬‡∑’¬¡ (pH 7.00±0.02) (¿“§«‘™“‡¿ —™«‘∑¬“
§≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬) (°≈ÿà¡ 2) ™‘Èπ
µ—«Õ¬à“ß·™à„ππÈ”≈“¬‡∑’¬¡∑’Ëº ¡°√¥·≈§µ‘§§«“¡‡¢â¡¢âπ 0.07
‚¡≈“√å (πÈ”≈“¬‡∑’¬¡ 10 ¡‘≈≈‘≈‘µ√ À¬¥ “√≈–≈“¬°√¥·≈§µ‘§
√âÕ¬≈– 85 ≈ß‰ª 57 ‰¡‚§√≈‘µ√ ‡¢¬à“„Àâ‡¢â“°—π 10 «‘π“∑’, pH
3.21±0.02) (°≈ÿà¡ 3) ·≈–™‘Èπµ—«Õ¬à“ß·™à„ππÈ”≈“¬‡∑’¬¡∑’Ëº ¡°√¥
·≈§µ‘§§«“¡‡¢â¡¢âπ 0.07 ‚¡≈“√å ·≈–¡’º≈÷°‰Œ¥√Õ° ’́Õ–æ“‰∑µå
 —ß‡§√“–Àå¢π“¥Õπÿ¿“§√–¥—∫π“‚π‡¡µ√ (Sigma-Aldrich, St. Louis,
Missouri, USA) ª√‘¡“≥ 0.03 °√—¡  °√–®“¬µ—«Õ¬Ÿà (pH 3.52±0.03)
(°≈ÿà¡ 4) ·µà≈–°≈ÿà¡»÷°…“®–·™à™‘Èπµ—«Õ¬à“ß 1 ™‘Èπ„π¿“™π–∑’Ë¡’
 “√≈–≈“¬∑¥≈Õß 10 ¡‘≈≈‘≈‘µ√ ·≈–µ—Èß∑‘Èß‰«â„π™à«ß‡«≈“∑’Ë·µ°
µà“ß°—π§◊Õ 5 ™—Ë«‚¡ß 24 ™—Ë«‚¡ß 72 ™—Ë«‚¡ß ·≈– 168 ™—Ë«‚¡ß (n=6)
 à«π°≈ÿà¡§«∫§ÿ¡ ”À√—∫°“√«—¥§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ
§◊Õ “√≈–≈“¬∑¥≈Õß∑’Ë‰¡à¡’°“√·™à™‘Èπµ—«Õ¬à“ß≈ß‰ª  ¿“™π–∑¥≈Õß
·≈–¿“™π–§«∫§ÿ¡¢Õß∑ÿ°°≈ÿà¡„π√–À«à“ß°“√∑¥ Õ∫®–‡°Á∫‰«â

„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Orbital incubation √ÿàπ SI 50, Stuart, Leicester,
UK) 37 Õß»“‡´≈‡´’¬  µ“¡‡«≈“∑’Ë°”Àπ¥ ‡¡◊ËÕ ‘Èπ ÿ¥√–¬–‡«≈“
®–π”¿“™π–¡“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

«‘∏’°“√«—¥º≈
°“√«—¥§à“√âÕ¬≈–¢ÕßπÈ”Àπ—°∑’Ë‡ª≈’Ë¬π·ª≈ß
‡¡◊ËÕ ‘Èπ ÿ¥√–¬–‡«≈“°“√∑¥≈Õß ·¬°™‘Èπµ—«Õ¬à“ßÕÕ°®“°

 “√≈–≈“¬ π”‰ª·™à„π∫’°‡°Õ√å∑’Ë¡’πÈ”ª√“»®“°‰ÕÕÕπ 20 ¡‘≈≈‘≈‘µ√
∑”§«“¡ –Õ“¥¥â«¬‡§√◊ËÕß§≈◊Ëπ‡ ’¬ß§«“¡∂’Ë Ÿßπ“π 1 π“∑’9 ́ —∫πÈ”
 à«π‡°‘π·≈–‡ªÉ“·Àâß¥â«¬°√–∫Õ°©’¥√«¡π“π 1 π“∑’  ÿ¥∑â“¬™—ËßÀ“
πÈ”Àπ—°™‘Èπµ—«Õ¬à“ß·≈â«§”π«≥‡ªìπ§à“√âÕ¬≈–¢ÕßπÈ”Àπ—°∑’Ë
‡ª≈’Ë¬π·ª≈ß

  % Wt change = Wt before › Wt after x 100
                                       Wt before

°“√«—¥§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ
‡¡◊ËÕ ‘Èπ ÿ¥√–¬–‡«≈“°“√∑¥≈Õß ·µà≈–¿“™π–°àÕππ”™‘Èπ

µ—«Õ¬à“ßÕÕ°‰ª‡æ◊ËÕ‡µ√’¬¡™—ËßπÈ”Àπ—° ®–‡¢¬à“ “√≈–≈“¬„Àâ‡¢â“°—π
10 «‘π“∑’ ¥â«¬‡§√◊ËÕßº ¡ “√ (Vortex Genies 2, Scientific industries,
Hayward, USA) ·≈â«¥Ÿ¥ “√µ—«Õ¬à“ßÕÕ°¡“‡®◊Õ®“ß„πÀ≈Õ¥∑¥≈Õß
∑’Ë¡’ “√≈–≈“¬º ¡¢Õß·≈π∏“π—¡§≈Õ‰√¥å√âÕ¬≈– 1 °—∫°√¥‰Œ‚¥√-
§≈Õ√‘°§«“¡‡¢â¡¢âπ 0.06 ‚¡≈“√å (1% LaCl

3
 0.06 M HCl) (ª√–¬ÿ°µå

®“° Moreno ·≈– Margolis26)  “√≈–≈“¬„π°≈ÿà¡ 1, 2 ·≈– 3 ®–
‡®◊Õ®“ß 10 ‡∑à“  à«π “√≈–≈“¬„π°≈ÿà¡ 4 ®–‡®◊Õ®“ß 200 ‡∑à“ ‡¡◊ËÕ
‡µ√’¬¡À≈Õ¥µ—«Õ¬à“ß·≈â«®–π”‰ª«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß
·§≈‡´’¬¡‰ÕÕÕπ¥â«¬‡§√◊ËÕßÕ‘π¥—°∑’ø≈’ §—∫‡ªîô≈ æ≈“ ¡“  ‡ª§-
‚µ√¡‘‡µÕ√å (Inductively Coupled Plasma Spectrometer; ICPS-OES,
Optima 7300 DV, PerkinElmer Inc., USA) «—¥º≈§«“¡‡¢â¡¢âπÕÕ°
¡“‡ªìπ à«π„π≈â“π à«π (ppm)

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘
¢âÕ¡Ÿ≈∑—ÈßÀ¡¥®–∂Ÿ°«‘‡§√“–Àå¥â«¬‚ª√·°√¡§Õ¡æ‘«‡µÕ√å

 ”‡√Á®√Ÿª∑“ß ∂‘µ‘ (SPSS version 16.0 for Windows, SPSS Inc.,
Chicago, Illinois, USA) ‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß§à“√âÕ¬≈–¢Õß
πÈ”Àπ—°∑’Ë‡ª≈’Ë¬π·ª≈ß·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß§«“¡‡¢â¡-
¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π “√≈–≈“¬ ‚¥¬·¬°æ‘®“√≥“∑’-
≈–ªí®®—¬§◊Õ™π‘¥¢Õß “√≈–≈“¬∑’Ë„™â®”≈Õß ¿“«–™àÕßª“°·≈–
√–¬–‡«≈“°“√·™à™‘Èπµ—«Õ¬à“ß ¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß-
‡¥’¬« (One Way ANOVA) µ“¡¥â«¬°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ«‘∏’
¢Õß∫Õπ‡øÕ√å‚√π‘ (Bonferroni) ‡¡◊ËÕº≈°“√«‘‡§√“–Àå§«“¡·ª√ª√«π
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¢Õß¢âÕ¡Ÿ≈‰¡à¡’§«“¡·µ°µà“ß°—π ·µà°√≥’∑’Ëº≈°“√«‘‡§√“–Àå§«“¡
·ª√ª√«π¢Õß¢âÕ¡Ÿ≈¡’§«“¡·µ°µà“ß°—π®–‡≈◊Õ°„™â«‘∏’°“√‡ª√’¬∫‡∑’¬∫
‡™‘ß ấÕπ¢Õß·∑¡‡Œπ (Tamhanes T2) ∑’Ë√–¥—∫π—¬ ”§—≠∑“ß ∂‘µ‘ .05

º≈

®“°µ“√“ß∑’Ë 1 æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
¢Õß§à“√âÕ¬≈–°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°™‘Èπµ—«Õ¬à“ß¢Õß∑ÿ°°≈ÿà¡„π
∑ÿ°™à«ß‡«≈“ ‚¥¬§à“√âÕ¬≈–°“√À“¬‰ª¢ÕßπÈ”Àπ—°‡√’¬ß≈”¥—∫®“°
¡“°‰ªπâÕ¬§◊Õ °≈ÿà¡ 1, 3, ·≈– 4 µ“¡≈”¥—∫ ·≈–§à“√âÕ¬≈–πÈ”
Àπ—°∑’ËÀ“¬‰ª®–‡æ‘Ë¡¢÷Èπ·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ
√–¬–‡«≈“°“√·™à™‘Èπµ—«Õ¬à“ß„π “√≈–≈“¬π“π¢÷Èπ ·µà‰¡àæ∫
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë 72 ™—Ë«‚¡ß ·≈– 168 ™—Ë«‚¡ß
¢Õß°≈ÿà¡ 4 §à“√âÕ¬≈–¢ÕßπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ„π°≈ÿà¡ 2 ®–æ∫§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë 168 ™—Ë«‚¡ß

º≈°“√«‘‡§√“–Àå§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π
 “√≈–≈“¬°≈ÿà¡§«∫§ÿ¡æ∫«à“√–¬–‡«≈“°“√∑¥≈Õß‰¡à¡’º≈∑”„Àâ
‡°‘¥§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ®“°µ“√“ß∑’Ë 2 §«“¡
‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π “√≈–≈“¬°≈ÿà¡∑¥≈Õß®–æ∫
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¢Õß∑ÿ°°≈ÿà¡„π∑ÿ°™à«ß
‡«≈“¬°‡«âπ∑’Ë 168 ™—Ë«‚¡ß ¢Õß°≈ÿà¡ 1 ·≈–°≈ÿà¡ 4 ‡¡◊ËÕ√–¬–‡«≈“
°“√·™à™‘Èπµ—«Õ¬à“ß„π “√≈–≈“¬·µà≈–°≈ÿà¡π“π¢÷Èπ®–æ∫§«“¡
‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ„π “√≈–≈“¬‡æ‘Ë¡¢÷Èπ¬°‡«âπ°≈ÿà¡ 2
§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ„π “√≈–≈“¬®–¡’§à“≈¥≈ß
·≈–æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë 168 ™—Ë«‚¡ß   à«π
°≈ÿà¡ 4 §«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ∑’Ë‡æ‘Ë¡¢÷Èπ„π “√≈–≈“¬
‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘„π∑ÿ°™à«ß‡«≈“

∫∑«‘®“√≥å

 “√≈–≈“¬∑’Ë„™â®”≈Õß ¿“«–™àÕßª“°„π°“√»÷°…“π’È®–¡’
Õß§åª√–°Õ∫¢Õß°√¥·≈§µ‘§§«“¡‡¢â¡¢âπ 0.07 ‚¡≈“√å „π “√≈–≈“¬
ª√‘¡“≥ 10 ¡‘≈≈‘≈‘µ√ æ‘®“√≥“®“°ª√‘¡“≥πÈ”≈“¬ Ÿß ÿ¥∑’Ë‰À≈ÕÕ°
¡“·≈â« – ¡Õ¬Ÿà„π™àÕßª“°°àÕπ®–¡’°“√°≈◊π18 ·≈–°√¥·≈§µ‘§∑’Ë
‡°‘¥¢÷Èπ¿“¬À≈—ß®“°√—∫ª√–∑“πÕ“À“√„π 1 ¡◊ÈÕ20-21 ‚¥¬ “√≈–≈“¬
°≈ÿà¡ 1 ‰¥â‡≈’¬π·∫∫ ¿“«–™àÕßª“°∑’Ë¡’°√¥ —¡º— º‘«øíπµ≈Õ¥
‡«≈“·≈–πÈ”≈“¬‰¡à “¡“√∂‡¢â“∂÷ß‰¥â ‡™àπ∫√‘‡«≥∑’Ë¡’§√“∫
®ÿ≈‘π∑√’¬åÀ√◊ÕÕ“À“√µ‘¥§“µ“¡´Õ°øíπ √«¡∂÷ß∫√‘‡«≥∑’ËºŸâªÉ«¬‰¡à

 “¡“√∂∑”§«“¡ –Õ“¥‰¥âÕ¬à“ßµàÕ‡π◊ËÕß®÷ß¡’·ºàπ§√“∫®ÿ≈‘π∑√’¬å
 – ¡Àπ“·πàπ ®“°°“√∑¥≈Õßæ∫«à“ πÈ”Àπ—°¢Õß™‘Èπ‡§≈◊Õ∫øíπ
À“¬‰ª¡“°∑’Ë ÿ¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ 3 ·≈–°≈ÿà¡ 4 ‡ªìπº≈®“°
 “√≈–≈“¬°≈ÿà¡π’È„™âπÈ”ª√“»®“°‰ÕÕÕπ„π°“√‡µ√’¬¡®÷ß¡’ª√‘¡“≥
·√à∏“µÿ‡√‘Ë¡µâπÕ¬ŸàπâÕ¬ ‡¡◊ËÕ¡’°“√„ à°√¥·≈§µ‘§´÷Ëß‡ªìπ°√¥Õ‘π∑√’¬å
·≈–¡’§ÿ≥ ¡∫—µ‘‡ªìπ “√§’‡≈µ (chelating agent) §◊Õ “¡“√∂®—∫
À√◊Õ≈âÕ¡√Õ∫·√à∏“µÿª√–®ÿ∫«°¢Õß·§≈‡´’¬¡¿“¬„π “√≈–≈“¬‰¥â
∑”„Àâ “√≈–≈“¬π—Èπ‡°‘¥ ¿“«–‰¡àÕ‘Ë¡µ—«µàÕ·§≈‡´’¬¡‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫‡§≈◊Õ∫øíπ®÷ß∑”„Àâ‡°‘¥°“√ ≈“¬·√à∏“µÿ¢ÕßøíπÕÕ°¡“24

·≈–À“° “√≈–≈“¬¡’§«“¡Õ‘Ë¡µ—«¢Õß·√à∏“µÿπâÕ¬µ—Èß·µà‡√‘Ë¡µâπ
°“√ àßºà“π‰ÕÕÕπÕÕ°®“°øíπ¡“ Ÿà “√≈–≈“¬®–‡°‘¥‰¥â¡“°°«à“
·≈–‡√Á«°«à“ “√≈–≈“¬∑’Ë¡’§«“¡Õ‘Ë¡µ—«¢Õß·√à∏“µÿ¡“°22 ¥—ßπ—Èπ
πÈ”Àπ—°¢Õß™‘Èπ‡§≈◊Õ∫øíπ∑’ËÀ“¬‰ª®÷ß —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ¢Õß
·§≈‡ ’́¬¡‰ÕÕÕπ∑’Ë‡æ‘Ë¡¢÷Èπ„π “√≈–≈“¬

 “√≈–≈“¬°≈ÿà¡ 2 ‡ªìπ ¿“«–∑’Ëøíπ·™àÕ¬Ÿà„ππÈ”≈“¬µ“¡ª°µ‘
®“°°“√∑¥≈Õßæ∫πÈ”Àπ—°¢Õß™‘Èπ‡§≈◊Õ∫øíπ‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕæ‘®“√≥“
§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ„π “√≈–≈“¬æ∫«à“¡’§à“≈¥≈ß
Õ“®‡ªìπº≈®“° “√≈–≈“¬¡’§«“¡Õ‘Ë¡µ—«¢Õß·√à∏“µÿ®÷ß‡°‘¥°“√µ°
µ–°Õπ∫πæ◊Èπº‘«øíπ∑’Ë¡’√Ÿæ√ÿπ10 ·≈–®“°°“√»÷°…“¢Õß Arends ·≈–
Jongebloed3 °≈à“««à“·√à∏“µÿ∑’Ëº‘«πÕ° ÿ¥¢Õß‡§≈◊Õ∫øíπ®–¡’
øÕ ‡øµ°√–®“¬µ—«Õ¬Ÿà¡“°°«à“·§≈‡´’¬¡∑”„Àâº‘«‡§≈◊Õ∫øíπ¥â“π
πÕ°´÷Ëß¡’ª√–®ÿ‡ªìπ≈∫ “¡“√∂®—∫°—∫‰ÕÕÕπ∑’Ë¡’ª√–®ÿ∫«°¢Õß
·§≈‡´’¬¡´÷Ëß°√–®“¬Õ¬Ÿà„π “√≈–≈“¬ ®÷ß¬‘Ëß‡ªìπ°“√‡Àπ’Ë¬«π”„Àâ
‡°‘¥°“√µ°µ–°Õπ∫πæ◊Èπº‘«øíπ‰¥â ·≈–πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπæ∫§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑’Ë 168 ™—Ë«‚¡ß ‡ªìπ°“√· ¥ß„Àâ‡ÀÁπ«à“
°“√µ°µ–°Õπ¢Õß·√à∏“µÿ Ÿàæ◊Èπº‘«øíπ‰¡à “¡“√∂‡°‘¥¢÷Èπ‰¥â‚¥¬
ßà“¬µâÕß„™â√–¬–‡«≈“π“π‡æ’¬ßæÕ ¡’°“√»÷°…“¢Õß Lendenmann
·≈–§≥–19 ·≈– Hara ·≈–§≥–16 °≈à“««à“Õß§åª√–°Õ∫¢Õß‚ª√µ’π
∫“ß™π‘¥¿“¬„ππÈ”≈“¬‡¡◊ËÕ∑‘Èß‰«â√–¬–‡«≈“Àπ÷Ëß “¡“√∂‡°‘¥‡ªìπ
·ºàπ§√“∫πÈ”≈“¬ (salivary pellicle) ∫πº‘«øíπ „π°“√∑¥≈Õßπ’È„™â
πÈ”≈“¬‡∑’¬¡∑’Ë‰¡à‰¥â¡’Õß§åª√–°Õ∫¢Õß‚ª√µ’π ¡’‡æ’¬ß·µà “√‡æ‘Ë¡
§«“¡Àπ◊¥ ®÷ß‰¡àπà“®– “¡“√∂‡°‘¥·ºàπ§√“∫πÈ”≈“¬π’È‰¥â

 “√≈–≈“¬°≈ÿà¡ 3 ‡≈’¬π·∫∫ ¿“«–™àÕßª“°¢≥–∑’Ë¡’°√¥
‡°‘¥¢÷Èπ„ππÈ”≈“¬ °“√»÷°…“°àÕπÀπâ“π’È15,27 ‡™◊ËÕ«à“°“√‡§’È¬«À¡“°-
Ω√—Ëß∑’Ë°√–µÿâπ„Àâ‡°‘¥°“√‰À≈¢ÕßπÈ”≈“¬‡æ‘Ë¡¢÷Èπ®–‡ªìπ°“√‡æ‘Ë¡
§ÿ≥ ¡∫—µ‘§«“¡‡ªìπ∫—ø‡øÕ√å¢ÕßπÈ”≈“¬ ∑”„Àâ§à“§«“¡‡ªìπ°√¥¥à“ß
°≈—∫‡¢â“ Ÿà ¿“«–‡√‘Ë¡µâπ‰¥â‡√Á« ‚√§øíπºÿ®÷ß‡°‘¥≈¥≈ß ·µà®“°°“√
∑¥≈Õßπ’È· ¥ß„Àâ‡ÀÁπ«à“·¡â°√¥®–º ¡Õ¬Ÿà„ππÈ”≈“¬‡ªìπ√–¬–‡«≈“
π“π°Á¬—ß¡’°“√À“¬‰ª¢ÕßπÈ”Àπ—°™‘Èπ‡§≈◊Õ∫øíπ·≈–§«“¡‡¢â¡¢âπ
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µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬ ±  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π ¢Õß§à“√âÕ¬≈–°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—° „π·µà≈–°≈ÿà¡µ“¡™à«ß‡«≈“µà“ß Ê
Table 1 Mean ±  standard deviation of percent weight changes for each group and each time interval

- The differences in capital letter means significant difference (p < .05) between group.
- The differences in small letter means significant difference (p < .05) between each time interval.

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬ ±  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π ¢Õß§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π “√≈–≈“¬ ( à«π„π≈â“π à«π) „π·µà≈–°≈ÿà¡µ“¡™à«ß‡«≈“µà“ß Ê
Table 2 Mean ± standard deviation of calcium ions concentration (ppm) in the solutions for each group and each time interval.

- The differences in capital letter means significant difference (p < .05) between group.
- The differences in small letter means significant difference (p < .05) between each time interval.
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¢Õß·§≈‡´’¬¡‰ÕÕÕπ„π “√≈–≈“¬‡æ‘Ë¡¢÷Èπ π—Èπ· ¥ß«à“πÈ”≈“¬‰¡à
 “¡“√∂∑”„Àâ§à“§«“¡‡ªìπ°√¥¥à“ß°≈—∫ Ÿà§«“¡‡ªìπ°≈“ß·≈–
À¬ÿ¥¬—Èß°“√‡¢â“∑”ªØ‘°‘√‘¬“°—∫øíπ¢Õß°√¥‰¥â ·µà‡π◊ËÕß®“°¿“¬„π
πÈ”≈“¬¡’Õß§åª√–°Õ∫¢Õß·√à∏“µÿÕ¬Ÿà¡“° ®÷ß∑”„Àâ°“√ àßºà“π
‰ÕÕÕπÕÕ°®“°øíπ‡°‘¥¢÷Èπ‰¥â™â“≈ß‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë 1

 “√≈–≈“¬°≈ÿà¡ 4 ‰¥â®”≈Õß«‘∏’°“√ªÑÕß°—π°“√ Ÿ≠‡ ’¬·√à
∏“µÿ®“°øíπ‚¥¬°“√„ àº≈÷°‰Œ¥√Õ°´’Õ–æ“‰∑µå —ß‡§√“–Àå≈ß‰ª
„π¢≥–∑’Ë¡’°√¥‡°‘¥¢÷Èπ„ππÈ”≈“¬æ∫«à“  “¡“√∂™à«¬≈¥°“√ Ÿ≠‡ ’¬
·√à∏“µÿ¢Õß™‘Èπ‡§≈◊Õ∫øíπ‰¥â¡“°∑’Ë ÿ¥ ´÷ËßÕ“®‡ªìπº≈®“°º≈÷°‰Œ-
¥√Õ°´’Õ–æ“‰∑µå∑’Ë°√–®“¬µ—«Õ¬Ÿàπ—Èπ¡’§ÿ≥ ¡∫—µ‘‡™àπ‡¥’¬«°—∫º≈÷°
¿“¬„π‡§≈◊Õ∫øíπ·≈–¬—ß¡’¢π“¥Õπÿ¿“§√–¥—∫π“‚π‡¡µ√„°≈â
‡§’¬ß°—π7 ®÷ß‡¢â“∑”ªØ‘°‘√‘¬“°—∫°√¥·≈§µ‘§‰¥â¥’·≈–‡√Á«°«à“™‘Èπ
‡§≈◊Õ∫øíπ∑’Ëº≈÷°®—¥‡√’¬ßµ—«°—πÕ¬à“ßÀπ“·πàπ πÕ°®“°π—Èπ
 “√≈–≈“¬„π°≈ÿà¡π’È¬—ß¡’§«“¡‡¢â¡¢âπ¢Õß·√à∏“µÿ¡“°®“°πÈ”≈“¬
‡∑’¬¡·≈–º≈÷°‰Œ¥√Õ°´’Õ–æ“‰∑µå —ß‡§√“–Àå∑’Ë®–§àÕ¬ Ê  ≈“¬·§≈-
‡´’¬¡øÕ ‡øµ ·≈–‰Œ¥√Õ°´‘≈ÕÕ°¡“‡¡◊ËÕ —¡º— °√¥8 ∑”„Àâ
 “√≈–≈“¬¡’§«“¡Õ‘Ë¡µ—«¢Õß·√à∏“µÿ¡“°µ≈Õ¥‡«≈“ ∂÷ß·¡â¿“¬„π
 “√≈–≈“¬®–¬—ß¡’°√¥‡À≈◊ÕÕ¬Ÿà·≈–‡¢â“∑”ªØ‘°‘√‘¬“°—∫™‘Èπ‡§≈◊Õ∫
øíπ°Á®–æ∫°“√ àßºà“π‰ÕÕÕπÕÕ°¡“®“°øíπ‡°‘¥¢÷ÈπÕ¬à“ß™â“ Ê ®“°
°“√∑¥≈Õßπ’È§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ¿“¬„π “√≈–≈“¬
∑’Ëæ∫¡’§à“ Ÿß¡“°„π∑ÿ°™à«ß‡«≈“ ·µà‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ Õ“®‡ªìπº≈®“°°√–∫«π°“√‡°Á∫µ—«Õ¬à“ß„π
√–À«à“ß¢—ÈπµÕπ°“√‡®◊Õ®“ß “√¡’°“√¥Ÿ¥º≈÷°‰Œ¥√Õ°´’Õ–æ“‰∑µå
 —ß‡§√“–Àå∑’Ë°√–®“¬µ—«Õ¬Ÿà„π “√≈–≈“¬‡¢â“‰ª ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“
µàÕ‡π◊ËÕß°—∫°√¥‰Œ‚¥√§≈Õ√‘°„πÀ≈Õ¥∑¥≈Õß ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß
·§≈‡´’¬¡‰ÕÕÕπ∑’Ë ≈“¬ÕÕ°¡“®“°™‘Èπ‡§≈◊Õ∫øíπ¡’§à“πâÕ¬®÷ß∂Ÿ°
∫¥∫—ß¥â«¬§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ∑’Ë ≈“¬ÕÕ°¡“®“°
º≈÷°‰Œ¥√Õ° ’́Õ–æ“‰∑µå —ß‡§√“–Àǻ ÷Ëß¡’§à“¡“°°«à“

°“√»÷°…“„π§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“°“√æ‘®“√≥“®“°§à“
√âÕ¬≈–πÈ”Àπ—°∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢Õß™‘Èπ‡§≈◊Õ∫øíπ “¡“√∂„™â‡ªìπ
∑“ß‡≈◊Õ° ”À√—∫°“√»÷°…“‡√◊ËÕß°“√ Ÿ≠‡ ’¬·√à∏“µÿ¢Õßøíπ‰¥â ·µà
Õ“®¡’¢âÕ®”°—¥„π°“√ —ß‡°µ°“√≥å≈ÿ°≈“¡¢Õß√Õ¬‚√§´÷Ëß§«√®–
æ‘®“√≥“‡æ‘Ë¡‡µ‘¡¥â«¬‡§√◊ËÕß¡◊Õ™π‘¥Õ◊ËπµàÕ‰ª
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Abstract
The objective of this present study was to compare percent of weight changing

of enamel and calcium inos concentration in various solutions simulated oral conditions.

Ninty six bovine enamel slabs were prepared and randomly divided into 4 groups of solutions:

lactic acid (Group 1) artificial saliva (Group 2) lactic acid+artificial saliva (Group 3) and

lactic acid+artificial saliva+hydroxyapatite crystal (Group 4). Each group was test in 5 hr,

24 hr, 72 hr, and 168 hr (n=6). At the end of each time, the sample solutions were diluted

and analyzed for calcium ions concentration by inductively coupled plasma spectrometer.

The specimens were cleaned and dried. The weight was measured and calculated to percent

of weight changing. Statistically significant difference of percent of weight changing was

found between groups in each time interval. Arrangement in order of percent weight loss

was maximum in group 1, 3 and 4. Statistically significant difference in increasing weight of

Group 2 was found in 168 hr. Calcium ions concentration were significant difference between

groups in each time interval, except in 168 hr of Group 1 and 4 were no significant difference.

Decreasingly in calcium ions concentration of Group 2 was significant difference in 168 hr.

Increasingly in calcium ions concentration of Group 4 was no significant difference in all

time intervals. The acidic condition caused weight loss of enamel. The degree of saturation

in the solution reduced weight loss from acid demineralization.

Key words: calcium ions; enamel; weight change
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