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∫∑§—¥¬àÕ 
 „π§≈Õß√“°øíπ∑’Ëµ‘¥‡™◊ÈÕ¡—°æ∫·∫§∑’‡√’¬À≈“¬

™π‘¥Õ¬Ÿà√à«¡°—π„π≈—°…≥–¢Õß·ºàπ™’«¿“æ ·¡â®–¡’

À≈—°∞“π°“√§âπæ∫·ºàπ™’«¿“æ„π§≈Õß√“°øíπ¡“π“π

·≈â« ·µà§«“¡√Ÿâ‡√◊ËÕß°≈‰°°“√‡°‘¥·ºàπ™’«¿“æ¬—ß¡’πâÕ¬

¡“° °“√»÷°…“π’È¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ√â“ß·ºàπ™’«¿“æ

¢Õß·∫§∑’‡√’¬∑’Ë·¬°‰¥â®“°§≈Õß√“°øíπ‚¥¬„™â¿“«–

¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë·µ°µà“ß°—π ‚¥¬„™â‡™◊ÈÕ·∫§∑’‡√’¬ 

5 “¬æ—π∏ÿå®“°ÀπÕß¢ÕßºŸâªÉ«¬√“¬Àπ÷Ëß¡“√â“ß·ºàπ

™’«¿“æ∫πºπ—ß§≈Õß√“°øíπ«—«·≈–°√–®°ªî¥‰≈¥å„π

¿“«–Õ“À“√‡¢â¡¢âπ·≈–‡®◊Õ®“ß‡ªìπ‡«≈“ 1 —ª¥“Àå 

·≈– 4 —ª¥“Àå ®“°π—Èπ»÷°…“‚§√ß√â“ß¢Õß·ºàπ

™’«¿“æ¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥àÕß°√“¥ 

·≈–µ√«®Õ∫§«“¡¡’™’«‘µ¢Õß·∫§∑’‡√’¬¿“¬„π·ºàπ

™’«¿“æ¥â«¬’¬âÕ¡‡´≈≈å¡’™’«‘µ ·≈â«π”‰ª∫—π∑÷°¿“æ

Abstract 
 Biofilms in infected root canals are known 

as multispecies biofilms, which are composed of 

restricted groups of bacteria. Even though 

evidence of biofilm in infected root canals has 

been reported, the knowledge of biofilm 

formation in root canals is still limited. The aim 

of this study was to generate biofilm from root 

canal isolates under different nutrient conditions. 

Five species of bacteria isolated from an infected 

root canal were cultured on bovine root canal 

dentin and on cover slips in rich and in diluted 

media for one and for four weeks. The biofilm 

formation was examined by scanning electron 

microscopy. The viability of bacterial cells in the 

∫∑«‘∑¬“°“√ 
Original Article 
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∫∑π” 
 ·∫§∑’‡√’¬‡ªìπ“‡Àµÿ”§—≠¢Õß°“√‡°‘¥‚√§„π‡π◊ÈÕ 

‡¬◊ËÕ„π (pulp) ·≈–‡π◊ÈÕ‡¬◊ËÕ√Õ∫ª≈“¬√“°øíπ (peria-

pical tissue)(1) ‚¥¬æ∫«à“°“√µ‘¥‡™◊ÈÕ¿“¬„π§≈Õß√“°øíπ

®–‡ªìπ°“√µ‘¥‡™◊ÈÕ√à«¡°—πÀ≈“¬™π‘¥ (mixed infec-

tion)(2-4) ‡ªÑ“À¡“¬À≈—°¢Õß°“√√—°…“§≈Õß√“°øíπ§◊Õ

°“√°”®—¥‡™◊ÈÕ¿“¬„π§≈Õß√“°øíπ¥—ß°≈à“«‡æ◊ËÕ°√–µÿâπ„Àâ

‡°‘¥°“√À“¬¢Õß‡π◊ÈÕ‡¬◊ËÕ√Õ∫ª≈“¬√“°øíπ 

 ·∫§∑’‡√’¬∑’ËÕ“»—¬„π·À≈àß∑’ËÕ¬Ÿàµ“¡∏√√¡™“µ‘à«π

„À≠à¡—°Õ¬Ÿ à√ à«¡°—π„π√Ÿª¢Õß·ºàπ™’«¿“æ‡æ◊ ËÕªÑÕß°—π

µπ‡Õß®“°‘Ëß·«¥≈âÕ¡(5,6) Nair ·≈–§≥–‰¥â·¥ßÀ≈—°

∞“π°“√‡°‘¥·ºàπ™’«¿“æ„π§≈Õß√“°øíπ‡ªìπ§√—Èß·√°(7) 

µàÕ¡“‰¥â¡’À≈—°∞“π¡“°¡“¬·¥ß„Àâ‡ÀÁπ«à“„πøíπ∑’Ëµ‘¥

‡™◊ ÈÕ“¡“√∂æ∫·ºàπ™’«¿“æ‰¥â∫πºπ—ß§≈Õß√“°øíπ 

∫√‘‡«≥ª≈“¬√“°øíπ∑’Ë¡’°“√≈–≈“¬ ·≈–∫π°—µµ“‡ªÕ√å-

™“ (gutta-percha) ∑’ËÕÿ¥‡°‘πª≈“¬√“°(8-13)  

 ‚§√ß√â“ß¢Õß·ºàπ™’«¿“æª√–°Õ∫¥â«¬°≈ÿà¡·∫§- 

∑’‡√’¬“¬æ—π∏ÿåµà“ßÊ ª√–°Õ∫°—π‡ªìπ‚§√ß√â“ß√Ÿª√à“ß

§≈â“¬‡ÀÁ¥¢π“¥‡≈Á° (mushroom-shaped micro-

colonies) „π·µà≈–°≈ÿà¡¢Õß·∫§∑’‡√’¬π’ÈÕ“®ª√–°Õ∫

¥â«¬·∫§∑’‡√’¬µà“ß™π‘¥°—π·≈–¡’‘Ëß·«¥≈âÕ¡∑’Ë·µ°µà“ß°—π  

º‘«¥â“ππÕ°¢Õß·ºàπ™’«¿“æ®–∂Ÿ°ª°§≈ÿ¡¥â«¬“√Õß§å

ª√–°Õ∫πÕ°‡´≈≈å (extracellular matrix) ∑’Ëº≈‘µ¢÷Èπ

®“°·∫§∑’‡√’¬‡Õß´÷Ëß‡ªìπ“√ª√–‡¿∑‡ÕÁ°‚´‚æ≈’·´§§“-

‰√¥å (exopolysaccharides) ∑”Àπâ“∑’ËªÑÕß°—π·ºàπ

™’«¿“æ®“°‘Ëß·«¥≈âÕ¡·≈–·√ß°≈ (physical forces) ∑’Ë

‡ªìπÕ—πµ√“¬®“°¿“¬πÕ° Õ’°∑—Èß¬—ß∑”„Àâ·∫§∑’‡√’¬„π

·ºàπ™’«¿“æ¡’§«“¡“¡“√∂„π°“√∑πµàÕ¬“¶à“‡™◊ ÈÕ‰¥â

¡“°°«à“·∫§∑’‡√’¬∑’Ë≈àÕß≈Õ¬ (planktonic bacteria) ∂÷ß 

1000 ‡∑à“(14-16) „π·ºàπ™’«¿“æ¡’™àÕß∑“ß‰À≈¢Õß¢Õß 

‡À≈« (fluid channels) Õ¬Ÿà¿“¬„π ´÷Ëß‡ªìπ™àÕß∑“ß„Àâ¡’

°“√‰À≈ºà“π¢ÕßÕ“À“√·≈–ÕÕ°´‘‡®π‰ªŸà∫√‘‡«≥µà“ßÊ 

¿“¬„π·ºàπ™’«¿“æ ·≈–¬—ß‡ªìπ™àÕß∑“ßàßºà“π‡ÕÁπ‰´¡å

À√◊Õ‡¡µ“∫Õ‰≈∑å (metabolites) µ≈Õ¥®π¢Õß‡’¬ 

¥â«¬°≈âÕß®ÿ≈∑√√»πå§Õπ‚ø§—≈ ‡≈‡´Õ√å ·°ππ‘ß º≈

°“√»÷°…“æ∫«à“¡’·ºàπ™’«¿“æ‡°‘¥¢÷ Èπ∫πºπ—ß§≈Õß

√“°øíπ«—«¡“°°«à“∫π°√–®°ªî¥‰≈¥å ‚¥¬·∫§∑’‡√’¬∑’Ë

æ∫„π·ºàπ™’«¿“æ∑’Ë‡«≈“ 1 —ª¥“Àåà«π„À≠à‡ªìπ°≈ÿà¡

·∫§∑’‡√’¬√Ÿª°≈¡¡’à«ππâÕ¬‡ªìπ√Ÿª·∑àß ·≈–∑’Ë 4 

—ª¥“Àåæ∫·∫§∑’‡√’¬√Ÿª·∑àß¡“°¢÷Èπ·≈–‡°“–Õ¬Ÿà°—∫

·∫§∑’‡√’¬√Ÿª°≈¡ πÕ°®“°π’È¬—ßæ∫«à“„π¿“«–Õ“À“√

‡®◊Õ®“ß‡°‘¥·ºàπ™’«¿“æ∑’Ë¡’·∫§∑’‡√’¬Àπ“·πàπ°«à“

¿“«–Õ“À“√‡¢â¡¢âπ ‚¥¬„π∑—ÈßÕß¿“«–æ∫·∫§- 

∑’‡√’¬∑’Ë¡’™’«‘µ¡“°°«à“·∫§∑’‡√’¬∑’Ëµ“¬·≈â« °“√»÷°…“π’È

√ÿª‰¥â«à“·∫§∑’‡√’¬∑’Ë·¬°‰¥â®“°§≈Õß√“°øíπ¡’§«“¡

“¡“√∂„π°“√√â“ß·ºàπ™’«¿“æ„π¿“«–πÕ°°“¬∫π

ºπ—ß§≈Õß√“°øíπ«—«‰¥â¥’„π¿“«–Õ“À“√∑’Ë‡®◊Õ®“ß°«à“ 

·≈–¿“¬„π—ª¥“Àå∑’Ë’ Ë®–æ∫°“√‡°“–°≈ÿà¡¢Õß·∫§- 

∑’‡√’¬√Ÿª°≈¡·≈–·∑àß 

 

 

§””§—≠: ·ºàπ™’«¿“æ ‡ÕÁπ‚¥¥Õπµ‘°å °≈âÕß®ÿ≈-

∑√√»πå§Õπ‚ø§—≈ ‡≈‡´Õ√å ·°ππ‘ß ’¬âÕ¡‡´≈≈å¡’™’«‘µ 

biofilm was analyzed by viability stain and 

confocal laser scanning microscopy. A greater 

amount of mixed-species bacterial aggregation 

was found on bovine root canal dentin than on 

cover slips. Cocci were predominantly observed 

in the one-week biofilms, with very few rods, 

whereas more rods co-aggregated with cocci 

were found in the four-week biofilms. Further-

more, biofilm formation in diluted medium was 

greater than that in rich medium. More live 

bacteria than dead cells were found in both 

media. It was concluded that the root canal 

isolates could form biofilm in vitro on bovine 

root canal dentin in diluted medium and that the 

co-aggregation between cocci and rods was 

found in the four-week biofilms.  

 

Keywords: Biofilm, Endodontics, Confocal 

Laser Scanning Microscope, Viability stain 
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(waste products) ∑’Ë·∫§∑’‡√’¬√â“ß¢÷ÈπÕ’°¥â«¬(17) 

 ªí®®ÿ∫—π¬—ß‰¡à¡’°“√»÷°…“‡°’Ë¬«°—∫°“√‡°‘¥·ºàπ™’«¿“æ 

„π§≈Õß√“°øíπ πÕ°®“°π’È°“√∑¥Õ∫ª√–‘∑∏‘¿“æ¢Õß

¬“À√◊ÕπÈ”¬“∑’Ë„™â„π°“√√—°…“§≈Õß√“°øíπ¡—°∑¥Õ∫°—∫‡™◊ÈÕ 

∑’Ë≈àÕß≈Õ¬À√◊Õ∑¥Õ∫°—∫·ºàπ™’«¿“æ¢Õß‡™◊ÈÕ™π‘¥‡¥’¬« 

(monospecies) ÷́Ëß¡—°‡ªìπ‡™◊ÈÕ“¬æ—π∏ÿå¡“µ√∞“π(18-26) ∑’Ë¡’

§«“¡·µ°µà“ß®“°‡™◊ÈÕ∑’Ë·¬°‰¥â®“°¿“«–®√‘ß„π§≈‘π‘° 

¥—ßπ—Èπ§«“¡√Ÿâ‡√◊ËÕß°√–∫«π°“√‡°‘¥·ºàπ™’«¿“æµ≈Õ¥®π

ª√–‘∑∏‘¿“æ¢Õß«‘∏’°“√°”®—¥·ºàπ™’«¿“æ„π§≈Õß√“° 

øíπ®÷ß¬—ß¡’Õ¬Ÿà®”°—¥ °“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ

√â“ß·ºàπ™’«¿“æ®“°·∫§∑’‡√’¬∑’Ë·¬°‰¥â®“°§≈Õß√“° 

øíπ ‡æ◊ËÕ®–‰¥âπ”‰ªª√–¬ÿ°µå„™â»÷°…“∂÷ß«‘∏’°“√µà“ßÊ „π

°“√°”®—¥‡™◊ÈÕÕÕ°®“°ºπ—ß§≈Õß√“°øíπµàÕ‰ª 

      

√–‡∫’¬∫·≈–«‘∏’°“√»÷°…“ 
 °“√‡µ√’¬¡‚§∑µ‘ß ∫—ø‡øÕ√åº¡πÈ”≈“¬ 

 π”πÈ”≈“¬®“°Õ““¡—§√ 1 §π®”π«π 1.5 ¡‘≈≈‘-

≈‘µ√‰ª°√Õßºà“π‡¬◊ËÕ°√Õß (membrane filter) ∑’Ë¡’√Ÿ‡âπ

ºà“π»Ÿπ¬å°≈“ß 0.2 ‰¡§√Õπ ·≈â«π”¡“º¡°—∫“√≈–

≈“¬‚§∑µ‘ß ∫—ø‡øÕ√å (coating buffer; 0.02 M 

Na2CO3, 0.02 M Na2HCO3, pH 9.3) ∑’Ëª√“»®“°

‡™◊ÈÕ®”π«π 1000 ¡‘≈≈‘≈‘µ√ ‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“

‡´≈‡´’¬ 

      

 °“√‡µ√’¬¡æ◊Èπº‘«”À√—∫°“√¬÷¥‡°“–¢Õß·ºàπ

™’«¿“æ 

 °“√∑¥Õ∫°“√√â“ß·ºàπ™’«¿“æ®–∑”∫πæ◊Èπº‘« 2 

™π‘¥ ‰¥â·°à 1) ∫πºπ—ß§≈Õß√“°øíπ«—« ‡æ◊ËÕπ”¡“

«‘‡§√“–Àå‚§√ß√â“ß¢Õß·ºàπ™’«¿“æ ·≈– 2) ∫π°√–®°

ªî¥‰≈¥å ‡æ◊ËÕπ”¡“µ√«®Õ∫§«“¡¡’™’«‘µ¢Õß·∫§∑’‡√’¬

„π·ºàπ™’«¿“æ 

 π”øíπµ—¥≈à“ß´’Ë°≈“ß¢Õß«—« 10 ´’Ë ¡“°√Õµ—¥à«πµ—«

øíπÕÕ°∑’Ë√Õ¬µàÕ√–À«à“ß‡§≈◊Õ∫øíπ°—∫‡§≈◊Õ∫√“°øíπ 

(cemento-enamel junction) ·≈–µ—¥Õ’°§√—Èß∑’Ëà«π°≈“ß

¢Õß√“°øíπ„Àâ‡À≈◊Õ√“°øíπà«πµâπ¬“« 5 ¡‘≈≈‘‡¡µ√ ®“°

π—Èπ·∫àß√“°øíπ„π·π«„°≈â°≈“ß·≈–‰°≈°≈“ßÕÕ°‡ªìπ 2 

à«π π”‰ª·™à„ππÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.9 ·≈–¶à“

‡™◊ÈÕ¥â«¬À¡âÕπ÷ËßÕ—¥‰ÕπÈ” (autoclave) ‡ªìπ‡«≈“ 20 π“∑’

∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡´’¬ 

 π”°√–®°ªî¥‰≈¥å√Ÿª°≈¡¢π“¥‡âπºà“π»Ÿπ¬å°≈“ß 

10 ¡‘≈≈‘‡¡µ√ ®”π«π 16 ·ºàπ¡“∑”§«“¡–Õ“¥æ◊Èπº‘«

‚¥¬·™à„π°√¥‰Œ‚¥√§≈Õ√‘°§«“¡‡¢â¡¢âπ 2 πÕ¡—≈ (2N 

HCl) ‡ªìπ‡«≈“ 7 π“∑’ ·≈â«≈â“ß¥â«¬πÈ”°≈—ËπÕß§√—Èß 

®“°π—Èπ≈â“ß¥â«¬“√≈–≈“¬Õ–´’‚µπ (acetone) ·≈â«

ª≈àÕ¬„Àâ·Àâß π”‰ª¶à“‡™◊ÈÕ¥â«¬À¡âÕπ÷ËßÕ—¥‰ÕπÈ”‡ªìπ‡«≈“ 

20 π“∑’∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡´’¬ 

 

 °“√‡µ√’¬¡‡™◊ÈÕ·∫§∑’‡√’¬ 

 „™â·∫§∑’‡√’¬∑’Ë·¬°‰¥â∑—ÈßÀ¡¥®“°§≈Õß√“°øíπ¢Õß 

ºŸâªÉ«¬√“¬Àπ÷Ëß∑’Ë¡’¿“«–§≈Õß√“°øíπÕ—°‡∫·∫∫‡©’¬∫ 

æ≈—π (acute apical abscess) ´÷Ëßª√–°Õ∫¥â«¬·∫§∑’‡√’¬

∑—ÈßÀ¡¥ 5 “¬æ—π∏ÿå ‰¥â·°à Prevotella intermedia, 

Prevotella oralis, Prevotella buccae, Prevotella 

baroniae ·≈– Streptococcus constellatus ‚¥¬‡æ“–

‡≈’È¬ß∫πÕ“À“√·¢Áß‡µ‘¡‡≈◊Õ¥ (supplemented blood 

agar) ∑’Ë¡’Œ’¡‘π (hemin) √âÕ¬≈– 0.0005 ·≈–‡¡π“‰¥‚Õπ 

(menadione) √âÕ¬≈– 0.0001 ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß„πµŸâ

∫à¡‡™◊ÈÕ·∫∫‰√âÕÕ°´‘‡®π∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬‡ªìπ

‡«≈“ 24 - 48 ™—Ë«‚¡ß ®“°π—Èππ”‚§‚≈π’ (colonies) ¢Õß

·∫§∑’‡√’¬·µà≈–“¬æ—π∏ÿå¡“‡æ“–‡≈’È¬ß¢â“¡§◊π„πÕ“À“√

‡À≈«™π‘¥∑√‘ª∑‘‡§ ´Õ¬ (trypticase soy broth) 

ª√‘¡“µ√ 10 ¡‘≈≈‘≈‘µ√ ®πÕ“À“√¡’§«“¡¢ÿàπª√–¡“≥ 0.5 

(”À√—∫‡™◊ÈÕ°≈ÿà¡ Prevotella) ·≈– 0.7 (”À√—∫‡™◊ÈÕ°≈ÿà¡ 

Streptococcus) ‡¡◊ËÕ«—¥§à“§«“¡¢ÿàπ¥â«¬‡§√◊ËÕß«—¥°“√¥Ÿ¥

°≈◊π·ß (spectrophotometer, Beckman DU650, 

California, USA) ∑’Ë§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡µ√ ´÷Ëß

‰¥â∑¥Õ∫·≈â««à“®–¡’ª√‘¡“≥‡™◊ÈÕ∑’Ë¡’™’«‘µª√–¡“≥ 1x108 

‡´≈≈åµàÕ¡‘≈≈‘≈‘µ√ ®“°π—ÈπªíòπÀ≈Õ¥‡≈’È¬ß‡™◊ÈÕ¥â«¬‡§√◊ËÕß

‡À«’Ë¬ß“√ (centrifuge) ∑’Ë§«“¡‡√Á« 4800 √Õ∫µàÕπ“∑’

‡ªìπ‡«≈“ 10 π“∑’‡æ◊ËÕ„Àâ‡™◊ÈÕµ°µ–°Õπ∑’Ë°âπÀ≈Õ¥ ¥Ÿ¥

à«π‡Àπ◊Õµ–°Õπ (supernatant) ÕÕ° ‡µ‘¡“√≈–≈“¬æ’

∫’‡Õ (PBS; phosphate buffer saline) ®π¡’ª√‘¡“µ√ 1 

¡‘≈≈‘≈‘µ√ ·≈â«º¡„Àâ‡¢â“°—π¥â«¬‡§√◊ËÕß‡¢¬à“À≈Õ¥

∑¥≈Õß‡ªìπ‡«≈“ 1 π“∑’ ‚¥¬µ≈Õ¥°√–∫«π°“√π’È°√–∑”

¿“¬„µâ¿“«–‰√âÕÕ°´‘‡®π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ®–‰¥â“√ 

≈–≈“¬∑’Ë¡’‡™◊ ÈÕ·µà≈–™π‘¥ª√–¡“≥ 1x109 ‡´≈≈åµàÕ
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¡‘≈≈‘≈‘µ√ 

 

 ¢—ÈπµÕπ°“√√â“ß·ºàπ™’«¿“æ   

 ·∫àß°≈ÿà¡∑¥≈ÕßÕÕ°‡ªìπ°≈ÿà¡¬àÕ¬ 4 °≈ÿà¡ ‰¥â·°à 1) 

°≈ÿà¡¿“«–Õ“À“√‡¢â¡¢âπ √–¬–‡«≈“ 1 Õ“∑‘µ¬å 2) °≈ÿà¡

¿“«–Õ“À“√‡¢â¡¢âπ √–¬–‡«≈“ 4 Õ“∑‘µ¬å 3) °≈ÿà¡

¿“«–Õ“À“√‡®◊Õ®“ß √–¬–‡«≈“ 1 Õ“∑‘µ¬å 4) °≈ÿà¡

¿“«–Õ“À“√‡®◊Õ®“ß √–¬–‡«≈“ 4 Õ“∑‘µ¬å  

 π”®“π‡æ“–‡≈’È¬ß‡´≈≈å™π‘¥ 6 À≈ÿ¡ (six-well 

plate) ®”π«π 4 ®“π ∑’Ë¡’øíπ«—« ·≈–°√–®°ªî¥‰≈¥å (¥—ß

√Ÿª 1)  ¡“‡§≈◊Õ∫æ◊Èπº‘«¥â«¬“√≈–≈“¬‚§∑µ‘ß ∫—ø‡øÕ√å

º¡πÈ”≈“¬ª√‘¡“µ√ 5 ¡‘≈≈‘≈‘µ√ ·≈–‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4 

Õß»“‡´≈‡´’¬¢â“¡§◊π ®“°π—Èπ¥Ÿ¥“√≈–≈“¬ÕÕ°·≈â«

‡µ‘¡Õ“À“√‡À≈«™π‘¥§ÿ°¡’∑ (cooked meat medium; 

Oxoid, Cambridge, UK) ª√‘¡“µ√ 3.5 ¡‘≈≈‘≈‘µ√≈ß„π

®“π‡æ“–‡≈’È¬ß‡´≈≈å 2 ®“π à«π„π®“π‡æ“–‡≈’È¬ß‡´≈≈å

Õ’° 2 ®“π„™âÕ“À“√‡À≈«™π‘¥§ÿ°¡’∑∑’Ë‡®◊Õ®“ß§«“¡‡¢â¡

¢âπ≈ß§√÷ËßÀπ÷Ëß ®“°π—Èπ‡µ‘¡·∫§∑’‡√’¬∑—Èß 5 “¬æ—π∏ÿåÊ ≈– 

300 ‰¡‚§√≈‘µ√ (´÷Ëß¡’ª√‘¡“≥‡™◊ÈÕ∑’Ë¡’™’«‘µ™π‘¥≈–ª√–¡“≥ 

3x108 ‡´≈≈å) ≈ß„π∑ÿ°À≈ÿ¡ ¬°‡«âπÀ≈ÿ¡∑’Ë‡ªìπ°≈ÿà¡§«∫§ÿ¡

º≈≈∫ π”‰ª‡æ“–‡≈’È¬ß„πµŸâ∫à¡‡™◊ÈÕ·∫∫‰√âÕÕ°´‘‡®π ∑’Ë

Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ‡ª≈’Ë¬πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑ÿ°Ê 

2 «—π ‚¥¬¥Ÿ¥Õ“À“√‡¥‘¡ÕÕ° 2.5 ¡‘≈≈‘≈‘µ√·≈â«‡µ‘¡

Õ“À“√„À¡à„πª√‘¡“µ√‡∑à“°—π ‡¢¬à“‡∫“Ê „ÀâÕ“À“√º¡

°—π ·≈â«‡æ“–‡≈’È¬ßµàÕ‰ª ‡¡◊ËÕ§√∫ 1 —ª¥“Àå (°≈ÿà¡ 1 

·≈– 3) À√◊Õ 4 —ª¥“Àå (°≈ÿà¡ 2 ·≈– 4) ®÷ß„™âªî‡ªµ¥Ÿ¥

Õ“À“√‡≈’È¬ß‡™◊ÈÕÕÕ°∑—ÈßÀ¡¥·≈â«≈â“ß¥â«¬“√≈–≈“¬æ’

∫’‡Õ  2 §√—Èß ‡æ◊ËÕ°”®—¥‡´≈≈å∑’Ë‰¡à¬÷¥‡°“–°—∫æ◊Èπº‘«ÕÕ°

‰ª ·≈â«‡µ‘¡“√≈–≈“¬æ’∫’‡Õ„π∑ÿ°À≈ÿ¡ ®“°π—Èππ”ºπ—ß

§≈Õß√“°øíπ«—«·≈–°√–®°ªî¥‰≈¥å‰ªµ√«®Õ∫°“√‡°‘¥

·ºàπ™’«¿“æµàÕ‰ª 

 

°“√µ√«®Õ∫°“√‡°‘¥·ºàπ™’«¿“æ 
 °“√µ√«®Õ∫‚§√ß√â“ß¢Õß·ºàπ™’«¿“æ∫π

ºπ—ß§≈Õß√“°øíπ«—« 

      π”øíπ«—«∑’Ë·™à„π“√≈–≈“¬æ’∫’‡Õ‰ª∑”„Àâ§ß¿“æ 

(fixation) ¥â«¬“√≈–≈“¬°≈Ÿµ“√“≈¥’‰Œ¥å (glutaral-

dehyde) §«“¡‡¢â¡¢âπ√âÕ¬≈– 2.5 ·≈–“√≈–≈“¬ÕÕ-

‡¡’¬¡‡µµ√“ÕÕ°‰´¥å (osmium tetraoxide) §«“¡‡¢â¡

¢âπ√âÕ¬≈– 1 ·≈â«≈â“ßÕÕ°¥â«¬“√≈–≈“¬øÕ‡øµ∫—ø

‡øÕ√å (PO
4
 Buffer) §«“¡‡¢â¡¢âπ 0.1 ‚¡≈“√å ∑”°“√¥÷ß

πÈ”ÕÕ° (dehydrated) ¥â«¬“√≈–≈“¬‡Õ∏“πÕ≈ 

(ethanol) §«“¡‡¢â¡¢âπ√âÕ¬≈– 30, 50, 80 ·≈– 100 µ“¡

≈”¥—∫ ®“°π—Èπ®÷ß∑”„Àâ·Àâß·≈–æàπ∑—∫¥â«¬∑Õß (gold 

coating) π”‰ªµ√«®¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥

àÕß°√“¥ (scanning electron microscope; JEOL 

JSM-5410LV, Tokyo, Japan) ·≈–∫—π∑÷°¿“æ·ºàπ

™’«¿“æ∑’Ë‡°‘¥¢÷Èπ 

 

 °“√µ√«®Õ∫§«“¡¡’™’«‘µ¢Õß·∫§∑’‡√’¬„π

·ºàπ™’«¿“æ∫π°√–®°ªî¥‰≈¥å 

 π”·ºàπ°√–®°ªî¥‰≈¥å∑’Ë¡’·ºàπ™’«¿“æµ‘¥∫πæ◊Èπº‘«

¡“¬âÕ¡¥â«¬’¬âÕ¡‡´≈≈å¡’™’«‘µ™π‘¥‰≈øá‡¥¥ ·∫§ ‰≈∑å 

(Live/Dead Bac Light viability stain; Molecular 

Probes, Eugene, Oregon, USA) ´÷Ëßª√–°Õ∫¥â«¬“√

ø≈ŸÕÕ‡√‡´π∑å’‡¢’¬«™π‘¥´—¬‚µ 9 (syto 9) ·≈–“√ø≈Ÿ-

ÕÕ‡√‡´π∑å’·¥ß™π‘¥‚æ√æ‘‡¥’¬¡ ‰Õ‚Õ‰¥¥å (propidium 

iodide) ‚¥¬«“ß·ºàπ°√–®°ªî¥‰≈¥å∫π·ºàπ·°â«¬âÕ¡ 

·°√¡ À¬¥“√≈–≈“¬´—¬‚µ 9 §«“¡‡¢â¡¢âπ 2 ‰¡‚§√

‚¡≈“√å≈ß‰ª„Àâ∑—Ë«·ºàπ°√–®°ªî¥‰≈¥å ∑‘Èß‰«â‡ªìπ‡«≈“ 15 

π“∑’„π∑’Ë¡◊¥ ®“°π—Èπ®÷ßÀ¬¥“√≈–≈“¬‚æ√æ‘‡¥’¬¡ ‰Õ‚Õ

√Ÿª∑’Ë 1 ·¥ß√“°øíπ«—«·≈–·ºàπ°√–®°ªî¥‰≈¥å„π®“π

‡æ“–‡≈’È¬ß‡´≈≈å¢π“¥ 6 À≈ÿ¡ 
Figure 1 Bovine roots and glass slides in a 6-well 

plate.   
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‰¥¥å §«“¡‡¢â¡¢âπ 10 ‰¡‚§√‚¡≈“√å ªî¥∑—∫¥â«¬°√–®°ªî¥

‰≈¥åÕ’°·ºàπÀπ÷Ëß·≈â«π”‰ª¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»πå§Õπ-

‚ø§—≈ ‡≈‡´Õ√å ·°ππ‘ß (confocal laser scanning 

microscope; Nikon Digital Eclipse C1 plus, Tokyo, 

Japan) ‚¥¬®–∫—π∑÷°¿“æ¢Õß·ºàπ™’«¿“æ®“°º‘«¥â“π∫π

·≈â«§àÕ¬≈÷°≈ß‰ª∑’≈–™—ÈπÊ ≈– 1 ‰¡§√Õπ ‡´≈≈å∑’Ë¡’™’«‘µ

®–µ‘¥’‡¢’¬«à«π‡´≈≈å∑’Ëµ“¬®–µ‘¥’·¥ßÀ√◊Õ’â¡ 

 

º≈°“√»÷°…“ 
 º≈°“√µ√«®·ºàπ™’«¿“æ∫πºπ—ß§≈Õß√“°øíπ

«—«¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥àÕß°√“¥ 

 ‰¡àæ∫°“√‡°‘¥·ºàπ™’«¿“æ∫πºπ—ß§≈Õß√“°øíπ«—«„π

°≈ÿà¡§«∫§ÿ¡‡≈¬ à«π°≈ÿà¡∑¥≈Õßæ∫«à“¡’·ºàπ™’«¿“æ

‡°‘¥¢÷Èπ„π∑ÿ°µ—«Õ¬à“ß ‚¥¬„π¿“«–∑’Ë¡’Õ“À“√·≈–√–¬–

√Ÿª∑’Ë 2 ¿“æµ—«Õ¬à“ß®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥àÕß°√“¥ ·¥ß·ºàπ™’«¿“æ∫πºπ—ß§≈Õß√“°øíπ«—«∑’Ë√–¬–‡«≈“ 1 

—ª¥“Àå „π¿“«–Õ“À“√·µ°µà“ß°—π  

 A, B, C ·¥ß·ºàπ™’«¿“æ„π¿“«–∑’Ë¡’Õ“À“√‡¢â¡¢âπ ‡¡◊ËÕ¥Ÿ¿“¬„µâ°”≈—ß¢¬“¬ 500, 2000, 7500 ‡∑à“ µ“¡≈”¥—∫ 

 D, E, F ·¥ß·ºàπ™’«¿“æ„π¿“«–∑’Ë¡’Õ“À“√‡®◊Õ®“ß ‡¡◊ËÕ¥Ÿ¿“¬„µâ°”≈—ß¢¬“¬ 500, 2000, 7500 ‡∑à“ µ“¡≈”¥—∫ 
Figure 2 Representative SEM images of 1-week biofilms generated on bovine dentin in different nutrient 

conditions. 

 A, B, C present the biofilms in rich condition when observed under 500x, 2000x, 7500x, 

respectively. 

 D, E, F present the biofilms in diluted condition when observed under 500x, 2000x and 7500x, 

respectively. 

‡«≈“·µ°µà“ß°—π®–‡°‘¥·ºàπ™’«¿“æ∑’Ë¡’≈—°…≥–·µ°µà“ß

°—π¥â«¬ ‚¥¬„π¿“«–Õ“À“√‡®◊Õ®“ßæ∫«à“‡°‘¥·ºàπ

™’«¿“æ∑’Ë¡’·∫§∑’‡√’¬Àπ“·πàπ°«à“„π¿“«–Õ“À“√‡¢â¡

¢âπ (√Ÿª 2 ·≈– 3) ∑—Èßπ’Èª√‘¡“≥·∫§∑’‡√’¬®–‡æ‘Ë¡¡“°¢÷Èπ

µ“¡‡«≈“ ‚¥¬‡¡◊ËÕ—ß‡°µ·ºàπ™’«¿“æ∑’Ë°”≈—ß¢¬“¬µË”æ∫

«à“ „π°≈ÿà¡¿“«–Õ“À“√‡¢â¡¢âπ¡’·∫§∑’‡√’¬‡°“–°≈ÿà¡

°√–®“¬Õ¬Ÿà∑— Ë«‰ª‰¡àÀπ“·πàπ Õ’°∑—Èß¬—ß“¡“√∂‡ÀÁπ

≈—°…≥–ºπ—ß§≈Õß√“°øíπ∑’ Ë¡ ’√Ÿ ‡ª î¥¢Õß∑àÕ‡π◊ ÈÕøíπ

°√–®“¬Õ¬Ÿà∑—Ë«‰ª ·≈–∫“ßµ”·Àπàß¡’°“√¬°µ—«¢÷Èπ¡“¢Õß

æ◊Èπº‘«§≈Õß√“°øíπ (√Ÿª 2A, 2B, 3A, 3B) à«π„π°≈ÿà¡

¿“«–Õ“À“√‡®◊Õ®“ßπ—Èπ·∫§∑’‡√’¬„π·ºàπ™’«¿“æ‡∫’¬¥

µ—«°—πÀπ“·πàπÀ≈“¬™—Èπ®π¡Õß‰¡à‡ÀÁπæ◊Èπº‘«¢Õßºπ—ß

§≈Õß√“°øíπ‡≈¬ æ∫¡’√Õ¬·¬°·≈–¡’√Ÿ°√–®“¬Õ¬Ÿà∑—Ë«‰ª

∫π·ºàπ™’«¿“æ¥â«¬ (√Ÿª 2D, 2E, 3D, 3E) ‡¡◊ËÕ¥Ÿ¥â«¬
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√Ÿª∑’Ë 3 ¿“æµ—«Õ¬à“ß®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥àÕß°√“¥ ·¥ß·ºàπ™’«¿“æ∫πºπ—ß§≈Õß√“°øíπ«—«∑’Ë√–¬–‡«≈“ 4 

—ª¥“Àå „π¿“«–Õ“À“√·µ°µà“ß°—π  

 A, B, C ·¥ß·ºàπ™’«¿“æ„π¿“«–∑’Ë¡’Õ“À“√‡¢â¡¢âπ ‡¡◊ËÕ¥Ÿ¿“¬„µâ°”≈—ß¢¬“¬ 500, 2000, 7500 ‡∑à“ µ“¡≈”¥—∫ 

 D, E, F ·¥ß·ºàπ™’«¿“æ„π¿“«–∑’Ë¡’Õ“À“√‡®◊Õ®“ß ‡¡◊ËÕ¥Ÿ¿“¬„µâ°”≈—ß¢¬“¬ 500, 2000, 7500 ‡∑à“ µ“¡≈”¥—∫ 
Figure 3 Representaive SEM images of 4-week biofilms generated on bovine dentin in different nutrient 

conditions. 

 A, B, C present the biofilms in rich condition when observed under 500x, 2000x, 7500x, 

respectively. 

 D, E, F present the biofilms in diluted condition when observed under 500x, 2000x and 7500x, 

respectively.  

√Ÿª∑’Ë 4 ·¥ß¿“æµ—¥¢«“ß¢Õß·ºàπ™’«¿“æ∑’Ë√–¬–‡«≈“ 4 —ª¥“Àå ‡¡◊ËÕ∂à“¬®“°¥â“π∫π≈ß≈à“ß (™—Èπ≈– 1 ‰¡§√Õπ) ¥â«¬°≈âÕß

®ÿ≈∑√√»πå§Õπ‚ø§—≈ ‡≈‡´Õ√å ·°ππ‘ß °”≈—ß¢¬“¬ 1000 ‡∑à“  
Figure 4 Representative series of CLSM images (1 µm in width) from top to bottom of a 4-week biofilm, 

1000X. 
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°”≈—ß¢¬“¬∑’Ë¡“°¢÷Èπæ∫«à“ ·ºàπ™’«¿“æ∑’Ë√–¬–‡«≈“ 1 

—ª¥“Àå®–æ∫·∫§∑’‡√’¬√Ÿª°≈¡‡ªìπà«π„À≠à (√Ÿª 2C, 

2F) „π¢≥–∑’Ë·ºàπ™’«¿“æ∑’Ë√–¬–‡«≈“ 4 —ª¥“Àå®–æ∫

·∫§-∑’‡√’¬√Ÿª·∑àß¡“°¢÷Èπ·≈–‡°“–Õ¬Ÿà°—∫·∫§∑’‡√’¬√Ÿª

°≈¡ (√Ÿª 3C, 3F) 

 

 º≈°“√µ√«®Õ∫§«“¡¡’™’«‘µ¢Õß·∫§∑’‡√’¬„π

·ºàπ™’«¿“æ∫π°√–®°ªî¥‰≈¥å 

 ‡¡◊ ËÕµ√«®Õ∫§«“¡¡’™’«‘µ¢Õß·∫§∑’‡√’¬„π·ºàπ

™’«¿“æ∫π°√–®°ªî¥‰≈¥åæ∫«à“ °≈ÿà¡∑’Ë‡æ“–‡≈’È¬ß‡ªìπ

‡«≈“ 1 —ª¥“Àå¡’§«“¡Àπ“¢Õß·ºàπ™’«¿“æ‡æ’¬ß‡≈Á°

πâÕ¬∑—Èß„π¿“«–∑’Ë¡’Õ“À“√‡¢â¡¢âπ·≈–Õ“À“√‡®◊Õ®“ß ®÷ß

Õà“πº≈®“°°≈ÿà¡∑’Ë‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 4 —ª¥“Àå‡∑à“π—Èπ 

÷́Ëß®–¡’§«“¡Àπ“¢Õß·ºàπ™’«¿“æª√–¡“≥ 8-10 ‰¡§√Õπ 

‚¥¬æ∫«à“·ºàπ™’«¿“æª√–°Õ∫‰ª¥â«¬‡´≈≈å∑’Ë¡’™’«‘µ (µ‘¥’

‡¢’¬«) ‡ªìπà«π„À≠à∑—Èß„π°≈ÿà¡∑’Ë¡’¿“«–Õ“À“√‡¢â¡¢âπ

·≈–„π¿“«–∑’Ë¡’Õ“À“√‡®◊Õ®“ß ‚¥¬æ∫·∫§∑’‡√’¬∑’Ë¬—ß¡’

™’«‘µÕ¬Ÿà„π∑ÿ°√–¥—∫§«“¡≈÷°¢Õß·ºàπ™’«¿“æ (√Ÿª∑’Ë 4) 

 

Õ¿‘ª√“¬º≈°“√∑¥≈Õß 
 °“√»÷°…“π’È„™â·∫§∑’‡√’¬∑’Ë·¬°‰¥â∑—ÈßÀ¡¥®“°§≈Õß

√“°øíπ‡¥’¬«°—π¡“∑¥≈Õß√â“ß·ºàπ™’«¿“æ∫πºπ—ß§≈Õß

√“°øíπ«—«¿“¬„µâ¿“«–‰√âÕÕ°´‘‡®π‡æ◊ËÕ®”≈Õß°“√µ‘¥

‡™◊ÈÕ¿“¬„π§≈Õß√“°øíπ·∫∫ª∞¡¿Ÿ¡‘ º≈°“√»÷°…“æ∫

·ºàπ™’«¿“æ‡°‘¥¢÷Èπµ—Èß·µà√–¬–‡«≈“ 1 —ª¥“Àå ‚¥¬æ∫«à“

ª√–°Õ∫¥â«¬·∫§∑’‡√’¬√Ÿª°≈¡‡ªìπà«π„À≠à Õ¥§≈âÕß

°—∫∑ƒ…Æ’°“√‡°‘¥·ºàπ™’«¿“æ´÷Ëß·∫§∑’‡√’¬√Ÿª°≈¡¡—°®–

‡ªìπ°≈ÿà¡·√° (early colonizer) ∑’Ë¡“‡°“–∫πæ◊Èπº‘«‡æ◊ËÕ

√â“ß·ºàπ™’«¿“æ(27) ·∫§∑’‡√’¬√Ÿª°≈¡°≈ÿà¡ Strepto-

cocci ¡’§«“¡“¡“√∂„π°“√‡°“–µ‘¥°—∫‡π◊ÈÕøíπ‰¥â¥’ ·≈–

√ÿ°≈È”‡¢â“‰ª„π∑àÕ‡π◊ÈÕøíπ‰¥â ‡π◊ËÕß®“°·∫§∑’‡√’¬“¡“√∂

º≈‘µ‚ª√µ’π™π‘¥Àπ÷Ëß§◊Õ ·Õπµ‘‡®π™π‘¥∑’ËÀπ÷Ëß/Õß (anti-

gen I/II) ´÷Ëß‡ªìπ“√·Õ¥Œ’´‘π (adhesin) ™π‘¥Àπ÷Ëß∑’Ë

“¡“√∂®—∫°—∫§Õ≈≈“‡®π™π‘¥∑’ËÀπ÷Ëß·≈–Õß (collagen 

type I and II) ´÷Ëß‡ªìπà«πª√–°Õ∫∑’ËÕ¬Ÿà„π‡π◊ÈÕøíπ‰¥â 

πÕ°®“°π’È¬—ß“¡“√∂¬÷¥‡°“–·∫∫‡©æ“–‡®“–®ß°—∫µ—«

√—∫ (receptor) ∫πº‘«‡´≈≈å¢Õß·∫§∑’‡√’¬Õ’°À≈“¬™π‘¥ 

‰¥â(28-30) ¥—ßπ—Èπ·ºàπ™’«¿“æ∑’Ë√–¬–‡«≈“ 4 —ª¥“Àå®÷ßæ∫

∑—Èß·∫§∑’‡√’¬√Ÿª·∑àß·≈–√Ÿª°≈¡∑’Ë¡’°“√‡°“–°≈ÿà¡°—π¢Õß

·∫§∑’‡√’¬∑—Èß 2 °≈ÿà¡§≈â“¬°—∫∑’Ëæ∫„π·ºàπ™’«¿“æ∫πº‘«

øíπ(31) ·¡â«à“„π°“√»÷°…“π’È‰¥â„™âºπ—ß§≈Õß√“°øíπ«—«·∑π

øíπ¡πÿ…¬å ·µàº≈‰¡à·µ°µà“ß°—π‡π◊ËÕß®“°¡’√“¬ß“π«à“øíπ

«—«¡’‚§√ß√â“ß·≈–¢π“¥‡âπºà“π»Ÿπ¬å°≈“ß¢Õß∑àÕ‡π◊ÈÕ

øíπ‰¡àµà“ß®“°ºπ—ß§≈Õß√“°øíπ¡πÿ…¬å(32)   

 °“√√â“ß·ºàπ™’«¿“æ¢Õß‘Ëß¡’™’«‘µ®”æ«°‚ª√§“- 

√‘‚Õ∑ (prokaryotes) ·≈–¬Ÿ§“√‘‚Õ∑ (eukaryotes) π—Èπ

“¡“√∂æ∫‰¥â„π¿“«–·√âπ·§âπ (extreme environ-

ment) ‡™àπ ∫√‘‡«≥∑àÕπÈ”∑‘Èß¢Õß‡À¡◊Õß·√à∑’Ë¡’§«“¡‡ªìπ 

°√¥Ÿß ∑–‡≈“∫∑’Ë¡’§«“¡‡§Á¡Ÿß ·≈–∫√‘‡«≥πÈ”æÿ

√âÕπ(33-36) ¿“«–¢“¥·§≈πÕ“À“√°Á‡ªìπªí®®—¬Àπ÷Ëß∑’Ë

°√–µÿâπ„Àâ·∫§∑’‡√’¬√â“ß·ºàπ™’«¿“æ¢÷Èπ‡æ◊ËÕ§«“¡Õ¬Ÿà√Õ¥ 

„π°“√»÷°…“π’È·ºàπ™’«¿“æ∑’Ë‡°‘¥„π¿“«–Õ“À“√‡®◊Õ®“ß

¡’§«“¡Àπ“·πàπ¢Õß·∫§∑’‡√’¬¡“°°«à“„π¿“«–Õ“À“√

‡¢â¡¢âπ ‚¥¬·ºàπ™’«¿“æ„π¿“«–Õ“À“√‡®◊Õ®“ß∑’Ë√–¬–

‡«≈“ 4 —ª¥“Àå¡’§«“¡Àπ“·πàπ¢Õß·∫§∑’‡√’¬¡“°∑’Ëÿ¥ 

¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥àÕß°√“¥∑’ Ë

°”≈—ß¢¬“¬Ÿßæ∫·∫§∑’‡√’¬√Ÿª°≈¡·≈–√Ÿª·∑àß‡°“–°≈ÿà¡

‡∫’¬¥°—πÕ¬à“ßÀπ“·πàπÀ≈“¬™—Èπ®π¡Õß‰¡à‡ÀÁπºπ—ß§≈Õß

√“°øíπ ·≈–æ∫√Ÿ®”π«π¡“°°√–®“¬Õ¬Ÿà∫πº‘«¢Õß·ºàπ

™’«¿“æ´÷Ëß§≈â“¬°—∫™àÕß∑“ß‰À≈¢Õß¢Õß‡À≈« ‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫·ºàπ™’«¿“æ∑’Ëæ∫¿“¬„π§≈Õß√“°¢Õßøíπ∑’Ë¡’

‡π◊ÈÕ‡¬◊ËÕª≈“¬√“°øíπÕ—°‡∫(9-11,37) æ∫«à“¡’≈—°…≥–∑’Ë

§≈â“¬°—π°—∫º≈°“√»÷°…“π’È„π·ßà¢Õß°“√°√–®“¬µ—«¢Õß

°≈ÿà¡·∫§∑’‡√’¬ ·≈–‚§√ß√â“ß°“√‡°“–°≈ÿà¡¢Õß·∫§∑’‡√’¬ 

Õπ÷Ëß °“√√â“ß·ºàπ™’«¿“æ„π¿“«–∑’Ë¢“¥·§≈πÕ“À“√

¬—ßæ∫‰¥â„π‡™◊ÈÕ°≈ÿà¡ Salmonella spp., Escherichea 

coli ·≈– Staphylococcus sciuri(38-40) Õ¬à“ß‰√°Áµ“¡ „π

‡™◊ÈÕ°≈ÿà¡ Listeria monocytogenes ·≈– Enterococcus 

faecalis ¡’√“¬ß“π«à“‡™◊ÈÕ√â“ß·ºàπ™’«¿“æ„π¿“«–

Õ“À“√Õÿ¥¡¡∫Ÿ√≥å‰¥â¥’°«à“„π¿“«–¢“¥·§≈πÕ“À“√(21,38)   

 à«πª√–°Õ∫¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ°Á‡ªìπªí®®—¬Àπ÷Ëß∑’Ë

¡’º≈µàÕ°“√√â“ß·ºàπ™’«¿“æ¢Õß·∫§∑’‡√’¬(39-41) ¡’À≈“¬

°“√»÷°…“‰¥â√â“ß·ºàπ™’«¿“æ„π§≈Õß√“°øíπ‚¥¬„™âÕ“À“√ 

‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’à«πª√–°Õ∫À≈—°‡ªìπ§“√å‚∫‰Œ‡¥√µ(20,21,26) 

´÷Ëß·µ°µà“ß®“°·À≈àßÕ“À“√„π§≈Õß√“°øíπ ·≈–‡Õ◊ÈÕµàÕ

°“√‡®√‘≠¢Õß‡™◊ÈÕ®”æ«°∑’Ë‡®√‘≠‚¥¬Õ“»—¬À√◊Õ‰¡àÕ“»—¬
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ÕÕ°´‘‡®π (facultative anaerobes) ‡∑à“π—Èπ „π°“√

»÷°…“π’È®÷ß‰¥â‡≈◊Õ°„™âÕ“À“√‡≈’È¬ß‡™◊ÈÕ™π‘¥§ÿ°¡’∑ ´÷Ëß¡’à«π

ª√–°Õ∫À≈—°§◊Õ‚ª√µ’π®“°À—«„®«—« ‚¥¬µâÕß°“√„Àâ

§≈â“¬°—∫¿“«–¢Õß°“√µ‘¥‡™◊ÈÕ„π§≈Õß√“°øíπà«π°≈“ß

·≈–à«πª≈“¬ ´÷Ëß·À≈àßÕ“À“√¢Õß·∫§∑’‡√’¬„π∫√‘‡«≥π’È

à«π„À≠à®–ª√–°Õ∫¥â«¬‡π◊ÈÕ‡¬◊ËÕ„π∑’Ë∂Ÿ°¬àÕ¬≈“¬ ´÷Ëß

‡ªìπ·À≈àß¢Õß‚ª√µ’π·≈–‰°≈‚§‚ª√µ’π (glycoproteins) 

∑’ Ë‡ªìπÕ“À“√À≈—°¢Õß·∫§∑’‡√’¬®”æ«°∑’Ë‡®√‘≠‚¥¬‰¡à

Õ“»—¬ÕÕ°´‘‡®π (anaerobes) ´÷Ëß‡ªìπ‡™◊ÈÕà«π„À≠à∑’Ëæ∫

„π§≈Õß√“°∫√‘‡«≥π’È ‡π◊ËÕß®“°‡ªìπ∫√‘‡«≥∑’ËÕÕ°´‘‡®π

·≈–Õ“À“√®”æ«°§“√å‚∫‰Œ‡¥√µ®“°¿“¬„π™àÕßª“°‡¢â“

¡“‰¡à∂÷ß πÕ°®“°π’ÈÕ“À“√‡≈’È¬ß‡™◊ÈÕ™π‘¥§ÿ°¡’∑ ¬—ß¡’

§“√å‚∫‰Œ‡¥√µ´÷Ëß‡ªìπ·À≈àßÕ“À“√¢Õß·∫§∑’‡√’¬®”æ«°∑’Ë

‡®√‘≠‚¥¬Õ“»—¬À√◊Õ‰¡àÕ“»—¬ÕÕ°´‘‡®π∑’ Ë¡—°æ∫‰¥â„π

§≈Õß√“°∫√‘‡«≥π’È¥â«¬ º≈°“√»÷°…“π’È·¥ß„Àâ‡ÀÁπ«à“

·∫§∑’‡√’¬∑’Ë·¬°¡“‰¥â®“°§≈Õß√“°øíπ“¡“√∂√â“ß·ºàπ

™’«¿“æ∑’Ë¡’≈—°…≥–§≈â“¬°—∫∑’Ëæ∫„π§≈Õß√“°‰¥â¥’¿“¬„µâ

¿“«–∑’Ë¡’Õ“À“√™π‘¥§ÿ°¡’∑·∫∫‡®◊Õ®“ß 

 °“√»÷°…“·ºàπ™’«¿“æ¥â«¬°≈âÕß®ÿ≈∑√√»πå§Õπ‚ø

§—≈ ‡≈‡´Õ√å ·°ππ‘ß ‡ªìπ«‘∏’∑’Ë¡’¢âÕ¥’§◊Õ“¡“√∂—ß‡°µ

·≈–∫—π∑÷°¿“æ·ºàπ™’«¿“æ„π√–¥—∫µà“ßÊ®“°æ◊Èπº‘«‰¥â

‚¥¬‰¡à∑”≈“¬‚§√ß√â“ß¢Õß·ºàπ™’«¿“æ ·µàæ◊Èπº‘«µâÕß¡’

§«“¡∫“ß·≈–·ß“¡“√∂àÕßºà“π‰¥â „π°“√»÷°…“π’È‰¥â

„™â’¬âÕ¡‡´≈≈å¡’™’«‘µ√à«¡¥â«¬ ·≈–√â“ß·ºàπ™’«¿“æ∫π

·ºàπ°√–®°ªî¥‰≈¥å‡æ◊ËÕ®–‰¥â—ß‡°µ‡ÀÁπ‡´≈≈å∑’Ë¡’™’«‘µ

·≈–‡´≈≈å∑’ Ëµ“¬·≈â«„π·µà≈–√–¥—∫§«“¡≈÷°¢Õß·ºàπ

™’«¿“æ‰¥â º≈°“√»÷°…“æ∫«à“¡’‡´≈≈å∑’Ë¬—ß¡’™’«‘µÕ¬Ÿà‡ªìπ

à«π¡“°„π∑ÿ°√–¥—∫§«“¡≈÷°¢Õß·ºàπ™’«¿“æ Õ¬à“ß‰√

°Áµ“¡ æ∫«à“·ºàπ™’«¿“æ∑’Ë‡°‘¥∫π·ºàπ°√–®°ªî¥‰≈¥å

π—Èπ¡’ª√‘¡“≥·≈–§«“¡Àπ“·πàπ¢Õß·∫§∑’‡√’¬πâÕ¬°«à“

∫πºπ—ß§≈Õß√“°øíπ«—«¡“° ‚¥¬¡’§«“¡Àπ“‡æ’¬ß 8-10 

‰¡§√Õπ ®÷ß∑”„Àâ‰¡à“¡“√∂»÷°…“‚§√ß√â“ß¢Õß·ºàπ

™’«¿“æ‰¥â ∑—Èßπ’ÈÕ“®‡ªìπ‡æ√“–·∫§∑’‡√’¬°≈ÿà¡·√°“¡“√∂

‡°“–°—∫º‘«°√–®°ªî¥‰≈¥å‰¥â‰¡à¥’‡∑à“ºπ—ß§≈Õß√“°øíπ 

∑—Èßπ’È §«“¡“¡“√∂„π°“√¬÷¥‡°“–·≈–√â“ß·ºàπ™’«¿“æ

¢Õß·∫§∑’‡√’¬π—ÈππÕ°®“°®–¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß·∫§∑’‡√’¬

·≈–·À≈àßÕ“À“√·≈â«¬—ß¡’√“¬ß“π«à“¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß

æ◊Èπº‘«∑’Ë·∫§∑’‡√’¬¬÷¥‡°“–¥â«¬(38) Õπ÷Ëß ‡π◊ËÕß®“°§«“¡

·µ°µà“ß°—π¢Õßæ◊Èπº‘«¥—ß°≈à“« ®÷ß∑”„Àâ‰¡à“¡“√∂π”º≈

°“√»÷°…“§«“¡¡’™’« ‘µ¢Õß‡™◊ ÈÕ„π·ºàπ™’«¿“æ∫πº‘«

°√–®°ªî¥‰≈¥å‰ª√ÿª‰¥â«à“·∫§∑’‡√’¬„π·ºàπ™’«¿“æ∫π

ºπ—ß§≈Õß√“°øíπ®–¡’°“√°√–®“¬µ—«¢Õß‡´≈≈å∑’Ë¡’™’«‘µ„π

√Ÿª·∫∫‡¥’¬«°—π 

 °“√»÷°…“π’È·¥ß„Àâ‡ÀÁπ«à“·∫§∑’‡√’¬∑’Ë·¬°‰¥â®“°

§≈Õß√“°øíπ‡¥’¬«°—π¡’§«“¡“¡“√∂„π°“√√â“ß·ºàπ

™’«¿“æ‰¥â¥’∫πºπ—ß§≈Õß√“°øíπ«—«„π¿“«–∑’Ë¡’Õ“À“√

®”°—¥ ‚¥¬æ∫°“√°√–®“¬µ—«·≈–‚§√ß√â“ß°“√‡°“–°≈ÿà¡

¢Õß·∫§∑’‡√’¬§≈â“¬°—π°—∫·ºàπ™’«¿“æ∑’Ë¡’√“¬ß“π«à“æ∫

„π§≈Õß√“°øíπ ·¡â«à“„π°“√»÷°…“π’È‰¡à‰¥â¡’°“√æ‘Ÿ®πå„Àâ

‡ÀÁπ«à“·ºàπ™’«¿“æ∑’Ë‡°‘¥¢÷Èππ—Èπª√–°Õ∫‰ª¥â«¬·∫§∑’‡√’¬

∑—Èß 5 “¬æ—π∏ÿå ·µà¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°-

µ√Õπ·∫∫àÕß°√“¥°Á·¥ß„Àâ‡ÀÁπ«à“¡’∑—Èß·∫§∑’‡√’¬√Ÿª

°≈¡·≈–√Ÿª·∑àß ·≈–®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“°àÕπ

Àπâ“π’È(42) ´÷ Ëß‰¥â√“¬ß“π«à“·∫§∑’‡√’¬∑—Èß 5 “¬æ—π∏ÿå¡’

§«“¡“¡“√∂„π°“√‡°“–°≈ÿà¡°—π (coaggregation) ®÷ß

Õ“®—ππ‘…∞“π‰¥â«à“‡ªìπ·ºàπ™’«¿“æ∑’Ë‡°‘¥®“°·∫§∑’‡√’¬

À≈“¬“¬æ—π∏ÿå º≈°“√»÷°…“π”√àÕßπ’È®–‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ

∞“π”À√—∫°“√»÷°…“‚§√ß√â“ß∑“ß™’«¿“æ µ≈Õ¥®π

°≈‰°∑“ß™’««‘∑¬“¢Õß·ºàπ™’«¿“æ„π§≈Õß√“°øíπ ´÷Ëß®–

π”‰ªŸ à°“√§‘¥§âπ«‘∏ ’°“√°”®—¥·ºàπ™’«¿“æ„π§≈Õß

√“°øíπ„Àâ‰¥âÕ¬à“ß¡’ª√–‘∑∏‘¿“æµàÕ‰ª 

 

°‘µµ‘°√√¡ª√–°“» 
 ¢Õ¢Õ∫§ÿ≥§≥–∑—πµ·æ∑¬»“µ√å ¡À“«‘∑¬“≈—¬

‡™’¬ß„À¡à ∑’Ë„Àâ°“√π—∫πÿπ°“√∑”«‘®—¬ 
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