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ABSTRACT

Chitosan is a natural, biocompatible, and nontoxic polymer. It is a derivative of chitin,
obtained from the hard outer shell or exoskeleton of invertebrates, including insects, shrimp,
crab, squid, as well as from the cell walls of yeasts, molds and algae. Because of its
anti-microbial properties against gram-positive and gram-negative bacteria as well as fungi,
chitosan could have many anti-microorganism applications in fields such as food and textile
industries, agriculture and medicine. Thus, understanding the antimicrobial mechanisms of chitosan
is very important to the development of products and processes for such chitosan applications.
In that context, this review summarizes the technical information available on anti-microbial
activities and their mechanisms; and the current applications of chitosan or its derivatives, singly
or in composites; and the synergistically antimicrobial combinations of chitosan and other fillers.
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∫∑π”
‰§‚μ´“π‡ªìπæÕ≈‘‡¡Õ√å∏√√¡™“μ‘́ ÷Ëß‰¥â®“°°√–∫«π°“√ deacetylation ‚¥¬°“√°”®—¥À¡ŸàÕ–´’μ‘≈

(acetyl) ¢Õß N-acetyl-D-glucosamine „π‚§√ß √â“ß¢Õß‰§μ‘π„Àâ‡ª≈’Ë¬π‡ªìπ glucosamine ‚¥¬
‰§‚μ´“π‡ªìπæÕ≈‘‡¡Õ√å‡ âπμ√ß¢Õß (1-4)-linked-2-amino-2-deoxy-D-gucopyranose [1] ‚§√ß √â“ß
‡§¡’¢Õß‰§μ‘π·≈–‰§‚μ´“π· ¥ß¥—ß√Ÿª∑’Ë 1 ́ ÷ËßªØ‘°‘√‘¬“ deacetylation ¡—°‡°‘¥‰¥â‰¡à ¡∫Ÿ√≥å ®÷ß¡—°‡√’¬°æÕ-
≈‘‡¡Õ√åº ¡∑’Ë‰¥â«à“ ç‰§μ‘π-‰§‚μ´“πé ·≈–‡√’¬°§à“√âÕ¬≈–¢Õß°“√‡ª≈’Ë¬π·ª≈ß®“°À¡ŸàÕ–´’μ‘≈„π‚§√ß √â“ß
¢Õß‰§μ‘π‡ªìπÀ¡ŸàÕ–¡‘‚π¢Õß‰§‚μ´“π«à“ Degree of Deacetylation À√◊Õ %DD ´÷ËßÀ“°‰§μ‘π-‰§‚μ´“π
¡’ %DD  Ÿß®–‡ªìπ°“√‡æ‘Ë¡À¡ŸàÕ–¡‘‚π´÷Ëß¡’ ¿“æª√–®ÿ∫«°„π‚§√ß √â“ß¢ÕßæÕ≈‘‡¡Õ√å [2]

∑—Èßπ’È‡π◊ËÕß®“°‰§‚μ´“π·≈–Õπÿæ—π∏å¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥âÀ≈“¬™π‘¥∑—Èß ·∫§∑’‡√’¬ ¬’ μå √“
‰«√—  ·≈–  “À√à“¬ Õ’°∑—Èß‰§‚μ´“π¬—ß¡’ƒ∑∏‘Ï°√–μÿâπ°√–∫«π°“√ªÑÕß°—πμ—«‡Õß¢Õßæ◊™‰¥â¥’ ¥—ßπ—Èπ‰§‚μ´“π
·≈–Õπÿæ—π∏å®÷ß∂Ÿ°π”‰ª„™âª√–‚¬™πåÕ¬à“ßÀ≈“°À≈“¬∑—Èß¥â“π‡°…μ√°√√¡ °“√·æ∑¬å·≈–‡¿ —™°√√¡ Õÿμ “À°√√¡
Õ“À“√ ‡§√◊ËÕß Ì“Õ“ß °“√∫”∫—¥πÈ”‡ ’¬ √«¡∂÷ßÕÿμ “À°√√¡‡ âπ„¬·≈– ‘Ëß∑Õ ¥—ßπ—Èπ°“√‡¢â“„®∂÷ß°≈‰°°“√
¬—∫¬—Èß®ÿ≈‘π∑√’¬å®÷ß¡’§«“¡®”‡ªìπÕ¬à“ß¬‘ËßμàÕ°“√π”‰§‚μ´“π‰ª„™âª√–‚¬™πå„π¥â“πμà“ßÊ ¥—ßπ—Èπ∫∑§«“¡
«‘™“°“√π’È®÷ß‰¥â√«∫√«¡¢âÕ¡Ÿ≈∑“ß«‘™“°“√ ÷́Ëß‡°’Ë¬«¢âÕß°—∫°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å·≈–°“√ª√–¬ÿ°μå„™â‰§‚μ´“π
Õπÿæ—π∏å·≈–§Õ¡æÕ ‘μ¢Õß‰§‚μ´“π μ≈Õ¥®π°“√„™â‰§‚μ´“π√à«¡°—∫ “√μ—«‡μ‘¡Õ◊Ëπ‡æ◊ËÕ‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß
®ÿ≈‘π∑√’¬å‰«âÕ¬à“ß§√∫∂â«π

√Ÿª∑’Ë 1 ‚§√ß √â“ß‡§¡’¢Õß‰§μ‘π·≈–‰§‚μ´“π [3]
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1. ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π

‡¡◊ËÕ§à“ pH μË”°«à“ pKa ¢Õß‰§‚μ´“π (pH < 6.3) À¡ŸàÕ–¡‘‚π∑’Ë§“√å∫Õπμ”·Àπàß∑’Ë Õß¢Õß
«ß·À«π Pyranose ¢Õß‰§‚μ´“π®–‡°‘¥‚ª√‚μ‡π™—π (protonation; -NH2 → -NH3

+) ‰§‚μ´“π®÷ß≈–≈“¬
πÈ”‰¥â¡“°¢÷Èπ ∑”„Àâ¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬∑’Ë¡“°°«à“‰§μ‘π [4] ®“°√“¬ß“πº≈°“√∑¥≈Õß√–∫ÿ«à“‡¡◊ËÕ
‰§‚μ´“π‡°‘¥‚ª√‚μ‡π™—π°≈“¬‡ªìπ polycationic chitosan ®÷ß®–¡’ƒ∑∏‘Ïμâ“π°“√‡®√‘≠¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å ∑—Èßπ’È
‡π◊ËÕß®“°ª√–®ÿ∫«°„π “¬‚´à‰§‚μ´“π®–‡°‘¥Õ—πμ√°‘√‘¬“°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å´÷Ëß¡’ ¿“æ¢—È«≈∫ ·≈–À“°
§«“¡Àπ“·πàπ¢Õßª√–®ÿ∫«°¡“°¢÷Èπ®–∑”„ÀâÕ—πμ√°‘√‘¬“√–À«à“ß‰§‚μ´“π°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å√ÿπ·√ß¢÷Èπ
μ“¡‰ª¥â«¬ ®÷ß àßº≈„Àâ‰§‚μ´“π¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‡æ‘Ë¡¢÷Èπ ∑—Èßπ’È§«“¡Àπ“·πàπª√–®ÿ¢Õß‰§‚μ´“ππ—Èπ
·ª√º—πμ√ß°—∫ %DD À√◊Õª√‘¡“≥À¡ŸàÕ–¡‘‚π„π “¬‚´à‰§‚μ´“π´÷Ëß‡ªìπμ”·Àπàß∑’Ë‡°‘¥‚ª√‚μ‡π™—π ®“°
√“¬ß“πº≈°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ Staphylococcus aureus ∑’Ë pH 5.5 ¥â«¬‰§‚μ´“π∑’Ë¡’ %DD
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·μ°μà“ß°—π æ∫«à“‰§‚μ´“π∑’Ë¡’ %DD ‡∑à“°—∫ 97.5  “¡“√∂¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥â¥’°«à“‰§‚μ´“π∑’Ë¡’ %DD ‡∑à“°—∫
83.7 [5] ÷́Ëß°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π “¡“√∂ √ÿª‰¥â¥—ßπ’È

1.1 °“√‡°‘¥·√ß‰øøÑ“√–À«à“ß polycationic chitosan °—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å
°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π‡°‘¥®“°·√ß‰øøÑ“√–À«à“ßÀ¡ŸàÕ–¡‘‚π¢Õß‰§‚μ´“π

∑’Ë‡°‘¥‚ª√‚μ‡π™—π°≈“¬‡ªìπ -NH3
+ ∑”„Àâ‡°‘¥ ¿“æª√–®ÿ∫«°∫π “¬‚ à́ ®÷ß “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“°—∫ºπ—ß

‡´≈≈å®ÿ≈‘π∑√’¬å´÷Ëßª√–°Õ∫¥â«¬ lipopolysaccharide ·≈–‚ª√μ’π´÷Ëß¡’¢—È«≈∫ [6] ‚¥¬·√ß‰øøÑ“¥—ß°≈à“«∑”„Àâ
‡°‘¥§«“¡‡ ’¬À“¬μàÕºπ—ß‡´≈≈å  àßº≈„Àâ ¡∫—μ‘°“√‡≈◊Õ°ºà“π‡¢â“ÕÕ°¢Õß “√‡ª≈’Ë¬π·ª≈ß‰ª ®÷ß∑”„Àâ·√ß¥—π
ÕÕ ‚¡μ‘°¿“¬„π‡´≈≈å‰¡à ¡¥ÿ≈ [4] ·≈–·√ß‰øøÑ“¥—ß°≈à“«¬—ß°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬μàÕ™—Èπ peptidoglycan
„πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å ∑”„Àâ‡°‘¥°“√√—Ë«‰À≈¢Õß “√Õ‘‡≈Á°‚∑√‰≈μå¿“¬„π‡´≈≈å ‡™àπ potassium ion (K+)
√«¡∂÷ßÕß§åª√–°Õ∫Õ◊ËπÊ ‡™àπ ‚ª√μ’π, nucleic acid, glucose ·≈– lactate dehydrogenase ‡ªìπμâπ [7]
¥â«¬°≈‰°¥—ß°≈à“«®÷ß∑”„Àâ‡´≈≈å®ÿ≈‘π∑√’¬å∂Ÿ°¬—∫¬—Èß·≈–‰¡à “¡“√∂‡®√‘≠‰¥â

1.2 ‰§‚μ´“π°≈“¬‡ªìπøî≈å¡∫“ßª°§≈ÿ¡∫πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å
°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π‡°‘¥®“° “¬‚´à√à“ß·À¢Õß‰§‚μ´“π°≈“¬‡ªìπøî≈å¡

∫“ßª°§≈ÿ¡∫πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å‡π◊ËÕß®“°·√ß‰øøÑ“ ´÷Ëß™—Èπøî≈å¡¥—ß°≈à“«®–¢—¥¢«“ß°“√ àßºà“π “√Õ“À“√∑’Ë
®”‡ªìπμàÕ°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å ·≈–∑”„Àâ ¡∫—μ‘°“√‡≈◊Õ°ºà“π “√‡¢â“ÕÕ°®“°‡´≈≈å‡ª≈’Ë¬π·ª≈ß‰ª®÷ß
∑”„Àâ®ÿ≈‘π∑√’¬åμ“¬ [8] ‚¥¬æ∫«à“À“°§«“¡‡¢â¡¢âπ¢Õß‰§‚μ´“πμË”‡°‘π‰ª (≤ 0.2 mg/ml) ®–‰¡à “¡“√∂
‡°‘¥‡ªìπ‚§√ß¢à“¬√à“ß·À∑’Ë¡’ ¿“æª√–®ÿ∫«°·≈–‡¢â“®—∫°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å∑’Ë¡’¢—È«≈∫‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ
·≈–‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‰§‚μ´“π„Àâ Ÿß¢÷Èπ æ∫«à“ “¡“√∂¬—∫¬—Èß°“√‡®√‘≠‡μ‘∫‚μ¢Õß®ÿ≈‘π∑√’¬å‰¥â¥’¢÷Èπ
‚¥¬‰§‚μ´“π®–‡°‘¥‡ªìπ‚§√ß¢à“¬√à“ß·Àª°§≈ÿ¡∫πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å ÀàÕÀÿâ¡‡´≈≈å ·≈–°àÕ„Àâ‡°‘¥°“√√«¡
μ—«Õ¬Ÿà„π√Ÿª¢Õß “√·¢«π≈Õ¬ [9]

1.3 °“√·∑√°´÷¡¢Õß‰§‚μ´“π‚Õ≈‘‚°‡¡Õ√å‡¢â“‰ª¬—ß¿“¬„π‡´≈≈å®ÿ≈‘π∑√’¬å
°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å‡°‘¥®“°‰§‚μ´“π∑’Ë¡’≈—°…≥–‡ªìπ “¬‚ à́ —ÈπÊ À√◊Õ‚Õ≈‘‚°‡¡Õ√å

‡§≈◊ËÕπ∑’Ëºà“π™àÕß«à“ß¢Õßºπ—ß‡´≈≈å´÷Ëßª√–°Õ∫¥â«¬™—Èπ peptidoglycan ·≈–‡¢â“‰ª¬—ß¿“¬„π‡´≈≈å®ÿ≈‘π∑√’¬å
§Õ¬¢—¥¢«“ß·≈–∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‡Õπ‰´¡å¿“¬„π‡´≈≈å ‚¥¬‰§‚μ´“π‚Õ≈‘‚°‡¡Õ√å‡°‘¥®“°‡Õπ‰´¡å
chitosanase ®“°®ÿ≈‘π∑√’¬å∫“ß™π‘¥μ—¥ “¬‚´à‰§‚μ´“π∑”„Àâ¡’¢π“¥‚¡‡≈°ÿ≈‡≈Á°≈ß®π “¡“√∂‡≈Á¥≈Õ¥ºà“π
‡¢â“‰ª¬—ß¿“¬„π‡´≈≈å®ÿ≈‘π∑√’¬å·≈–·∑√°´÷¡„ππ‘«‡§≈’¬ ‰¥â ®“°π—Èπ®–‰ª√«¡μ—«°—∫ DNA ·≈â«¬—∫¬—Èß
°“√ —ß‡§√“–Àå mRNA ·≈–°“√·ª≈√À—  RNA ®÷ß√∫°«π°√–∫«π°“√ √â“ß‚ª√μ’π·≈–‡Õπ‰´¡å¢Õß®ÿ≈‘π∑√’¬å
[10] πÕ°®“°π’È‰§‚μ´“π‚Õ≈‘‚°‡¡Õ√å¬—ß “¡“√∂°√–®“¬μ—«·∑√°´÷¡‰ª∑—Ë«∑—Èß‡´≈≈å®ÿ≈‘π∑√’¬å §Õ¬¥Ÿ¥´—∫
 “√Õ“À“√¢Õß‡´≈≈å∑’Ë¡’ ¿“æ¢—È«≈∫·≈â«∑”„Àâ‡°‘¥°“√μ°μ–°Õπ ∑”„Àâ®ÿ≈‘π∑√’¬å‰¡à “¡“√∂π” “√Õ“À“√‰ª
„™â‰¥â [11]  ”À√—∫‰§‚μ´“π∑’Ë¡’ “¬‚ à́¬“«À√◊Õ‚¡‡≈°ÿ≈¢π“¥„À≠à®–¡’°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å∑’Ë·μ°μà“ß
®“°‰§‚μ´“π‚Õ≈‘‚°‡¡Õ√å ‚¥¬®–‡°‘¥Õ—πμ√°‘√‘¬“°—∫ºπ—ß‡´≈≈å  àßº≈„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√ß √â“ß·≈–
°“√∑”Àπâ“∑’Ë§«∫§ÿ¡°“√‡¢â“ÕÕ°¢Õß “√ºà“πºπ—ß‡´≈≈å ¥—ßπ—Èπ‚¡‡≈°ÿ≈‰§‚μ´“π∑—Èß°√≥’∑’Ë¡’ “¬‚´à —Èπ
·≈–¬“«μà“ß°Á¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥â ·¡â®–‡°‘¥ºà“π°≈‰°∑’Ë·μ°μà“ß°—π°Áμ“¡ [12]

1.4 °“√‡°‘¥§’‡≈μ√–À«à“ß‚¡‡≈°ÿ≈‰§‚μ´“π°—∫‰ÕÕÕπ¢Õß‚≈À–
°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å‡°‘¥®“°‚¡‡≈°ÿ≈‰§‚μ´“π “¡“√∂‡°‘¥§’‡≈μ°—∫‰ÕÕÕπ¢Õß‚≈À–
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‡™àπ Ni2+, Zn2+, Co2+, Fe2+, Mg2+ ·≈– Cu2+ ∑—Èß„π ¿“«–∑’Ë‡ªìπ°√¥·≈–‡ªìπ°≈“ß ´÷Ëß‰ÕÕÕπ¢Õß‚≈À–
∫“ß™π‘¥‡ªìπ “√Õ“À“√∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õß®ÿ≈‘π∑√’¬å√«¡‰ª∂÷ß ªÕ√å¢Õß®ÿ≈‘π∑√’¬å¥â«¬ Õ’°∑—Èß
 “√§’‡≈μ¢Õß‰§‚μ´“π°—∫‰ÕÕÕπ¢Õß‚≈À–¬—ß “¡“√∂®—∫°—∫ºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å ·≈–∑”≈“¬°≈‰°
§«∫§ÿ¡°“√ºà“π‡¢â“ÕÕ°¢Õß “√ ®÷ß¬—∫¬—Èß°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å®ÿ≈‘π∑√’¬å‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ [13]

1.5 °≈‰°°“√¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«°·≈–·°√¡≈∫¢Õß‰§‚μ´“π
‰§‚μ´“π¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬∑—Èß·°√¡∫«°·≈–·°√¡≈∫‚¥¬‡°‘¥ºà“π°≈‰°∑’Ë·μ°μà“ß°—π

®“°√“¬ß“πº≈°“√∑¥≈Õßæ∫«à“·∫§∑’‡√’¬·°√¡∫«° §◊Õ S. aureus ·≈–·°√¡≈∫ §◊Õ Escherichia coli
π—ÈπμÕ∫ πÕßμàÕ°“√‡ª≈’Ë¬π·ª≈ß¡«≈‚¡‡≈°ÿ≈¢Õß‰§‚μ´“π·μ°μà“ß°—π ‚¥¬‡¡◊ËÕ¡«≈‚¡‡≈°ÿ≈¢Õß‰§‚μ´“π
‡æ‘Ë¡¢÷Èπ ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«°®–‡æ‘Ë¡¢÷Èπ ¢≥–∑’Ëƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡≈∫°≈—∫≈¥≈ß ®“°
√“¬ß“πº≈°“√∑¥≈Õßæ∫«à“∑’Ë§«“¡‡¢â¡¢âπ 1%w/v ‰§‚μ´“π¡«≈‚¡‡≈°ÿ≈ 305 kDa  “¡“√∂¬—∫¬—Èß°“√
‡®√‘≠¢Õß S. aureus ‰¥â‡∑à“π—Èπ ·μà‡¡◊ËÕ≈¥¡«≈‚¡‡≈°ÿ≈≈ß°√–∑—ËßπâÕ¬°«à“ 305 kDa °≈—∫æ∫«à“ “¡“√∂
¬—∫¬—Èß°“√‡®√‘≠¢Õß∑—Èß S. aureus ·≈– E. coli ‰¥â ·μàÀ“°≈¥¡«≈‚¡‡≈°ÿ≈≈ß°√–∑—ËßπâÕ¬°«à“ 5 kDa æ∫
«à“ “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß E. coli ‰¥âÕ¬à“ß ¡∫Ÿ√≥å ·¡â®–„™â§«“¡‡¢â¡¢âπ‡æ’¬ß 0.25%w/v ∑—Èßπ’È„π
°√≥’¢Õß·∫§∑’‡√’¬·°√¡≈∫æ∫«à“À“°‰§‚μ´“π¡’¡«≈‚¡‡≈°ÿ≈πâÕ¬Ê ®– “¡“√∂·∑√° ÷́¡·≈–°√–®“¬μ—«‰ª
∑—Ë«∑—Èß‡´≈≈å®ÿ≈‘π∑√’¬å‰¥â¥’¢÷Èπ Õ’°∑—Èß¬—ß “¡“√∂¥Ÿ¥´—∫ “√Õ“À“√¢Õß‡´≈≈å∑’Ë¡’ ¿“æª√–®ÿ∫«° ®÷ß∑”„Àâ
®ÿ≈‘π∑√’¬åμ“¬≈ß„π∑’Ë ÿ¥ [11]

2. ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßÕπÿæ—π∏å‰§‚μ´“π
‡π◊ËÕß®“°‰§‚μ´“π‡ªìπæÕ≈‘‡¡Õ√å∑’Ë≈–≈“¬πÈ”‰¥âπâÕ¬ ‚¥¬‰§‚μ´“π®–≈–≈“¬πÈ”‰¥â‡¡◊ËÕÕ¬Ÿà„π

√Ÿª‚ª√‚μ‡π™—π ¥—ßπ—Èπ„π°“√‡μ√’¬¡ “√≈–≈“¬‰§‚μ´“π®÷ß®”‡ªìπμâÕß„™â°√¥ÕàÕπ ‡™àπ °√¥Õ– ‘́μ‘° À√◊Õ
°√¥øÕ√å¡‘° ‡ªìπμ—«∑”≈–≈“¬ Õ’°∑—Èß§à“ pH ∑’Ë‡À¡“– ¡ ”À√—∫°“√π” “√≈–≈“¬‰§‚μ´“π‰ª„™âª√–‚¬™πå
¬—ß∂Ÿ°®”°—¥‡æ’¬ß™à«ß∑’ËμË”°«à“§à“ pKa

 ¢Õß‰§‚μ´“π (pH < 6.3) ‚¥¬À“°§à“ pH > pKa ‰§‚μ´“π®–μ°
μ–°Õπ∑—π∑’ ‡π◊ËÕß®“°‚¡‡≈°ÿ≈‡ª≈’Ë¬π°≈—∫‰ªÕ¬Ÿà„π√Ÿª∑’Ë‡ªìπ°≈“ß (-NH3

+ 
→ -NH2) ¥—ßπ—Èπª√– ‘∑∏‘¿“æ

À√◊Õƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π®÷ß·ª√º—πμ“¡°“√‡°‘¥‚ª√‚μ‡π™—π¢ÕßÀ¡ŸàÕ–¡‘‚π ´÷Ëß —¡æ—π∏å°—∫ ¡∫—μ‘
°“√≈–≈“¬πÈ”¢Õß‰§‚μ´“π ‚¥¬À“°‰§‚μ´“π≈–≈“¬πÈ”‰¥â¡“°¢÷Èπ°Á®–™à«¬‡æ‘Ë¡ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å·≈–¬—ß
‡ªìπ°“√¢¬“¬¢Õ∫‡¢μ¢Õß°“√π”‰§‚μ´“π‰ª„™âª√–‚¬™πå‰¡à„Àâ∂Ÿ°®”°—¥‡æ’¬ß™à«ß pH < pKa ‡æ◊ËÕ·°â‰¢¢âÕ
®”°—¥¥—ß°≈à“«®÷ß‰¥â¡’°“√ —ß‡§√“–ÀåÕπÿæ—π∏å¢Õß‰§‚μ´“π ‚¥¬‡ª≈’Ë¬π®“°À¡Ÿà -NH2 À√◊Õ -OH ÷́Ëß‡ªìπÀ¡Ÿà
øíß°å™—π∑’Ë«àÕß‰«„π‚§√ß √â“ß¢Õß‰§‚μ´“π ‰ª‡ªìπÀ¡Ÿàøíß°å™—π∑’Ë¡’¢—È«·≈–™Õ∫πÈ”¡“°¢÷Èπ‡æ◊ËÕ‡æ‘Ë¡ ¡∫—μ‘°“√
≈–≈“¬πÈ” À√◊ÕÕ“®‡ª≈’Ë¬π‡ªìπÀ¡Ÿàøíß°å™—π∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å∑’Ë¥’¢÷Èπ ¥—ßμ—«Õ¬à“ßÕπÿæ—π∏åμàÕ‰ªπ’È

2.1 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß Carboxymethyl Chitosan ·≈– Carboxymethyl
Chitosan Acyl Thiourea

Carboxymethyl Chitosan (CMCS) ¡’À¡Ÿà carboxylic ÷́Ëß™Õ∫πÈ”®÷ß™à«¬‡æ‘Ë¡ ¡∫—μ‘
°“√≈–≈“¬πÈ” ·≈–¬—ß “¡“√∂·μ°μ—«„Àâ H+ ·°àÀ¡Ÿà -NH2 ·≈â«‡ª≈’Ë¬π‡ªìπ -NH3

+ ‰¥â∑—Èß¿“¬„π·≈–
√–À«à“ß‚¡‡≈°ÿ≈ ∑”„Àâ‰¥â polycationic chitosan ∑’Ë¡’§«“¡Àπ“·πàπ¢Õßª√–®ÿ∫«° Ÿß ®÷ß‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß
®ÿ≈‘π∑√’¬å„Àâ¥’¬‘Ëß¢÷Èπ¥â«¬ ‚¥¬®“°√“¬ß“πæ∫«à“ CMCS ¡’ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ√“‰¥â¥’ ‚¥¬ CMCS  “¡“√∂
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°√–®“¬μ—«Õ¬Ÿà¿“¬„π à«πμà“ßÊ ¢Õß‡´≈≈å‡™◊ÈÕ√“ ·≈–√∫°«π°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠
‡μ‘∫‚μ¢Õß‡™◊ÈÕ√“ [14] ·≈–¬—ßæ∫«à“°“√„™â CMCS √à«¡°—∫Õπÿ¿“§π“‚π´‘≈‡«Õ√å ®–¬‘Ëß‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß
·∫§∑’‡√’¬„Àâ¥’¢÷Èπª√–¡“≥ 3-4 ‡∑à“ ‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â CMCS ‡æ’¬ßÕ¬à“ß‡¥’¬« [15] πÕ°®“°À¡Ÿà
carboxylic ·≈â« °“√‡æ‘Ë¡À¡Ÿà acyl thiourea ¢Õß Carboxymethyl Chitosan Acyl Thiourea (CMCAT)
®–¬‘Ëß‡æ‘Ë¡§à“°“√≈–≈“¬∑—Èß„πμ—«∑”≈–≈“¬Õ‘π∑√’¬å·≈–πÈ” Õ’°∑—ÈßÀ¡Ÿà C=O ·≈– NH ÷́Ëß “¡“√∂‡°‘¥
‚ª√‚μ‡π™—π‰¥â ®÷ß™à«¬‡æ‘Ë¡§«“¡Àπ“·πàπ¢Õßª√–®ÿ∫«° ·≈–∑”„Àâ‡°‘¥‚§√ß √â“ßμ“¢à“¬¢Õß polycationic
´÷Ëß àßº≈„Àâ CMCAT ¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‡æ‘Ë¡¢÷Èπ ·≈–À¡Ÿà acyl thiourea ÷́Ëß¡’¢π“¥„À≠à·≈–‡°–°–¬—ß
™à«¬≈¥°“√‡°‘¥æ—π∏–‰Œ‚¥√‡®π√–À«à“ß‚¡‡≈°ÿ≈ ∑”„Àâ CMCAT ≈–≈“¬‰¥â¥’¬‘Ëß¢÷Èπ ®÷ß “¡“√∂·∑√°´÷¡
‡¢â“‰ª¬—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å‰¥â¥’¢÷Èπ¥â«¬ §Õ¬¬—∫¬—Èß°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å‚¥¬¢—¥¢«“ß°“√∂Õ¥√À— 
æ—π∏ÿ°√√¡®“° DNA ‰ª¬—ß RNA ∑”„Àâƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßÕπÿæ—π∏å CMCAT ¥—ß°≈à“« Ÿß°«à“
‰§‚μ´“π Õ’°∑—ÈßÀ¡Ÿà acyl thiourea ·≈– carboxylic ¬—ß “¡“√∂‡°‘¥§’‡≈μ‰¥â¥’°«à“‰§‚μ´“πÕ’°¥â«¬ [14]
‚¥¬‚§√ß √â“ß‡§¡’ CMCS ·≈– CMCAT · ¥ß¥—ß√Ÿª∑’Ë 2

√Ÿª∑’Ë 2 ‚§√ß √â“ß‡§¡’¢Õß Carboxymethyl Chitosan ·≈– Carboxymethyl Chitosan Acyl Thiourea [14]
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πÕ°®“°π’È¬—ß¡’√“¬ß“π«à“ CMCAT ¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«°‰¥â¥’°«à“·∫§∑’‡√’¬·°√¡≈∫
∑—Èßπ’È‡π◊ËÕß®“°Õß§åª√–°Õ∫¢Õßºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡∫«°π—Èπ·μ°μà“ß®“°¢Õß·°√¡≈∫ ·¡â«à“ºπ—ß
‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡∫«°®–Àπ“°«à“¢Õß·°√¡≈∫ ·μà°≈—∫¡’Õß§åª√–°Õ∫ à«π„À≠à‡ªìπ peptidoglycan
´÷Ëß‡ªìπ‚§√ß√à“ßμ“¢à“¬·≈–¡’√Ÿæ√ÿπ®”π«π¡“° ÷́Ëß¬Õ¡„Àâ “√®“°¿“¬πÕ°ºà“π‡¢â“¡“¿“¬„π‡´≈≈å¢Õß
·∫§∑’‡√’¬·°√¡∫«°‰¥âÕ¬à“ßßà“¬¥“¬ ·≈–®–‡°‘¥°“√¥Ÿ¥´—∫Õ¬à“ß√«¥‡√Á«¢ÕßÕß§åª√–°Õ∫¿“¬„π‡´≈≈å „π
∑“ß°≈—∫°—π·¡â«à“ºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡≈∫®–∫“ß°«à“·μà°≈—∫¡’§«“¡ —́∫´âÕπ¡“°°«à“¢Õß·∫§∑’‡√’¬
·°√¡∫«° ‚¥¬ºπ—ß‡´≈≈å™—ÈππÕ°¢Õß·∫§∑’‡√’¬·°√¡≈∫ª√–°Õ∫¥â«¬ lipopolysaccharide, lipoprotein
·≈– phospholipid ÀàÕÀÿâ¡™—Èπ peptidoglycan ‰«â´÷Ëß∑”„Àâ‡ªìπÕÿª √√§μàÕ°“√·æ√à¢Õß “√ºà“πºπ—ß‡´≈≈å
¢Õß·∫§∑’‡√’¬·°√¡≈∫ ∑—Èßπ’È®“°√“¬ß“πº≈°“√∑¥≈Õßæ∫«à“‰§‚μ´“π¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬∑—Èß·°√¡∫«°
·≈–·°√¡≈∫ ‚¥¬‡°‘¥ºà“π°≈‰°∑’Ë·μ°μà“ß°—π ‡π◊ËÕß®“°Õß§åª√–°Õ∫¢Õßºπ—ß‡´≈≈å∑’Ë·μ°μà“ß°—ππ—Ëπ‡Õß ·μà
‚¥¬ à«π„À≠à·≈â«‰§‚μ´“π·≈–Õπÿæ—π∏å¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«°‰¥â¥’°«à“·∫§∑’‡√’¬·°√¡≈∫ [16]



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 33 ©∫—∫∑’Ë 1 (2560) 303

2.2 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß O-quaternized-N,N-biethyl-N-benzyl
ammonium chitosans chloride

O-quaternized-N,N-biethyl-N-benzyl ammonium chitosans chloride (O-QCTS-
DEBn) §◊ÕÕπÿæ—π∏å¢Õß‰§‚μ´“π∑’Ë≈–≈“¬πÈ”‰¥â¥’ ‚¥¬¡’À¡Ÿàøíß°å™—π ammonium salt ®”π«π 2 À¡Ÿà ´÷Ëß¢“¥
Õ‘‡≈Á°μ√Õπ·≈–™Õ∫‡°‘¥Õ—πμ√°‘√‘¬“°—∫Õß§åª√–°Õ∫∑’Ë¡’ ¿“æ¢—È«≈∫„πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å ‚¥¬À¡Ÿàøíß°å™—π
Quaternary ammonium salt ®–‡¢â“®—∫°—∫ºπ—ß‡´≈≈å·∫§∑’‡√’¬∑”„Àâ Ÿ≠‡ ’¬§«“¡ “¡“√∂„π°“√§—¥‡≈◊Õ°
 “√ºà“π‡¢â“·≈–ÕÕ°®“°‡´≈≈å ∑—Èßπ’Èº≈°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«° §◊Õ S. aureus ´÷Ëßºπ—ß
‡´≈≈åª√–°Õ∫¥â«¬‚ª√μ’π, teicholic acid, lipopolysaccharide ∑’Ë¡’¢—È«≈∫ ®÷ß‡°‘¥Õ—πμ√°‘√‘¬“°—∫À¡Ÿà
ammonium salt ÷́Ëß¡’ª√–®ÿ∫«°¢Õß O-QCTS-DEBn ‰¥â¥’ ∑”„Àâ‡°‘¥°“√‡™◊ËÕ¡‚¬ß°—π‡ªìπ‚§√ß¢à“¬¢π“¥
„À≠à¢ÕßæÕ≈‘‡¡Õ√å·≈–‡´≈≈å·∫§∑’‡√’¬ °√–∑—Ëß¡’¢π“¥„À≠à·≈–πÈ”Àπ—°¡“°æÕ®÷ßμ°μ–°Õπ„π∑’Ë ÿ¥ ·≈–¬—ß
æ∫«à“ O-QCTS-DEBn §Õ¬¬—∫¬—Èß°“√∑”Àπâ“∑’Ë¢Õßºπ—ß‡´≈≈å„π°“√§«∫§ÿ¡°“√ºà“π‡¢â“ÕÕ°¢Õß “√ ∑”„Àâ
‡´≈≈å·∫§∑’‡√’¬¢“¥ “√Õ“À“√∑’Ë®”‡ªìπ®÷ßμ“¬„π∑’Ë ÿ¥ [17] ‚§√ß √â“ß¢Õß O-QCTS-DEBn · ¥ß¥—ß√Ÿª∑’Ë 3
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√Ÿª∑’Ë 3 ‚§√ß √â“ß‡§¡’¢Õß O-quaternized-N,N-biethyl-N-benzyl ammonium chitosans chloride [17]

2.3 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß N-Vanillyl Chitosan ·≈– 4-Hydroxybenzyl
Chitosan

º≈°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ√“ Aspergillus flavus ´÷Ëßº≈‘μ “√æ‘… aflatoxin B1

·≈– B2 ¢Õß N-vanillyl chitosan (VC) ·≈– 4-hydroxybenzyl chitosan (HC) ÷́Ëß‡ªìπÕπÿæ—π∏å¢Õß
‰§‚μ´“π  ·≈–¡’‚§√ß √â“ß· ¥ß¥—ß√Ÿª∑’Ë 4 æ∫«à“·ºàπøî≈å¡ VC ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√º≈‘μ “√æ‘… aflatoxin B1

‰¥â∂÷ß 98.9% ·≈–¬—∫¬—Èß°“√º≈‘μ “√æ‘… aflatoxin B2 ‰¥âÕ¬à“ß ¡∫Ÿ√≥å ¢≥–∑’Ë·ºàπøî≈å¡ HC ¡’ƒ∑∏‘Ï¬—∫¬—Èß
°“√º≈‘μ “√æ‘…∑—Èß aflatoxin B1 ·≈– B2 ‰¥âÕ¬à“ß ¡∫Ÿ√≥å ∑—Èßπ’È‡π◊ËÕß®“°Õπÿæ—π∏å∑—Èß Õß™π‘¥Õ¬Ÿà„π√Ÿª
‚Õ≈‘‚°‡¡Õ√å ®÷ß “¡“√∂·æ√à‰ª¬—ß‡ âπ„¬¢Õß√“·≈–√∫°«π°“√∑”ß“π¢Õß‡Õπ‰´¡å∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠‡μ‘∫‚μ
¥—ßπ—Èπ∑—Èß·ºàπøî≈å¡ VC ·≈– HC ®÷ß¡’»—°¬¿“æ„π°“√π”‰ªª√–¬ÿ°μå„™â‡ªìπ∫√√®ÿ¿—≥±åÕ“À“√·∫∫·Õ§∑’ø
´÷Ëß™à«¬≈¥§«“¡‡ ’Ë¬ß¢ÕßºŸâ∫√‘‚¿§μàÕªí≠À“∑’Ë‡°‘¥®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬å·≈– “√æ‘…∑’Ë®ÿ≈‘π∑√’¬å √â“ß¢÷Èπ [18]
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√Ÿª∑’Ë 4 ‚§√ß √â“ß‡§¡’¢Õß N-vanillyl chitosan and 4-hydroxybenzyl chitosan [18]

2.4 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßÕπÿæ—π∏å°≈ÿà¡ Quaternary N-(benzyl) Chitosan
Quaternary N-(benzyl) Chitosan (QC) §◊Õ°≈ÿà¡Õπÿæ—π∏å¢Õß‰§‚μ´“π∑’Ë¡’°“√‡ª≈’Ë¬π

®“°À¡Ÿà -NH2 ‡ªìπÀ¡Ÿà quaternary N-(benzyl) μà“ßÊ ÷́Ëß‚§√ß √â“ß· ¥ß¥—ß√Ÿª∑’Ë 5 ‚¥¬ QC ¡’ƒ∑∏‘Ï¬—∫¬—Èß
·∫§∑’‡√’¬·≈–√“°àÕ‚√§æ◊™‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ¥—ßπ—Èπ®÷ß “¡“√∂„™â QC ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥‚√§æ◊™
∑¥·∑π°“√„™â¬“¶à“·¡≈ß ÷́Ëß‡ªìπæ‘…μàÕ ‘Ëß·«¥≈âÕ¡ ®“°√“¬ß“πº≈°“√∑¥≈Õßæ∫«à“ QC ¡’ƒ∑∏‘Ï¬—∫¬—Èß
·∫§∑’‡√’¬∑’Ë‡ªìπÕ—πμ√“¬μàÕæ◊™ §◊Õ Agrobacterium tumefaciens ·≈– Erwinia carotovora √«¡∂÷ß¡’
ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ√“°àÕ‚√§æ◊™ ‰¥â·°à Botrytis cinerea, Botryodiplodia theobromae, Fusarium oxysporum
·≈– Phytophthora infestans Õ’°∑—Èß¬—ßæ∫«à“ QC ∑’Ë§«“¡‡¢â¡¢âπ 1 g/L ¬—ß¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√ª≈¥ª≈àÕ¬
‡Õπ‰´¡å´÷Ëßº≈‘μ‚¥¬®ÿ≈‘π∑√’¬å·≈–¡’º≈‡ ’¬μàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ ‰¥â·°à polygalacturonase (PGase),
pectin-lyase (PLase), polyphenol oxidase (PPOase) ·≈– cellulase [19] πÕ°®“° QC ·≈â«¬—ß¡’°“√
∑¥≈Õßπ”Õπÿæ—π∏åÕ◊Ëπ §◊Õ acetyl phenyl-thiosemicarbarzone-chitosan ÷́Ëß‰¡à‡ªìπæ‘…μàÕ ‘Ëß·«¥≈âÕ¡·≈–
¬àÕ¬ ≈“¬‰¥â‡Õß∑“ß™’«¿“æ¡“„™â‡æ◊ËÕ®ÿ¥ª√– ß§å‡¥’¬«°—ππ’È¥â«¬

√Ÿª∑’Ë 5 ‚§√ß √â“ß‡§¡’¢Õß quaternary N-(benzyl) chitosan derivatives [19]

R = Phenyl,

p-Methyl Phenyl,

p-Cyano Phenyl,

p-Fluoro Phenyl,

p-Nitro Phenyl,

p-Fluro Phenyl,

o,p-Diethoxy Phenyl,

o,p-Dichloro Phenyl,

2-Chlor, 6-Fluoro Phenyl
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2.5 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß Chitosan Thioglycolic Acid
º≈°“√∑¥ Õ∫ƒ∑∏‘Ïμâ“π®ÿ≈‘π∑√’¬å¢Õß Chitosan thioglycolic acid (TGA) ∑’Ë¡«≈‚¡‡≈°ÿ≈μË”

(LMw-TGA) ·≈–¡«≈‚¡‡≈°ÿ≈ª“π°≈“ß (MMw-TGA) ‡æ◊ËÕª√–¬ÿ°μå„™â‡ªìπ¬“ªØ‘™’«π– æ∫«à“ MMw-TGA
¡’ƒ∑∏‘Ïμâ“π®ÿ≈‘π∑√’¬å∑’Ë¥’°«à“ LMw-TGA ·≈–Õπÿæ—π∏å¢Õß‰§‚μ´“πÕ◊ËπÊ §◊Õ trimethyl chitosan (TMC),
carboxymethyl chitosan (CMC) ÷́Ëß¡’‚§√ß √â“ß‡§¡’· ¥ß¥—ß√Ÿª∑’Ë 6 ‚¥¬ MMw-TGA ¡’ƒ∑∏‘Ï¬—∫¬—Èß
·∫§∑’‡√’¬·°√¡∫«° §◊Õ Streptococcus sobrinus ‰¥âÕ¬à“ß ¡∫Ÿ√≥å ·≈–≈¥®”π«π‚§‚≈π’¢Õß‡™◊ÈÕ
Neisseria subflava ≈ß‰¥â 99.99% √«¡∂÷ß≈¥®”π«π‚§‚≈π’¢Õß‡™◊ÈÕ√“ Candida albicans ≈ß‰¥â 99.97%
‚¥¬ TGA ´÷Ëß‡ªìπ polycationic ®–‡¢â“®—∫°—∫Õß§åª√–°Õ∫∑’Ë¡’ ¿“æ¢—È«≈∫„πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å·≈–§Õ¬
¢—¥¢«“ß°“√‡¢â“ÕÕ°¢Õß “√ºà“πºπ—ß‡´≈≈å Õ’°∑—Èß TGA ¬—ß¡’ƒ∑∏‘Ï∑”≈“¬ºπ—ß‡´≈≈å∑”„Àâ‡°‘¥°“√√—Ë«‰À≈¢Õß
 “√‡§¡’ÕÕ° Ÿà¿“¬πÕ°‡´≈≈å TGA ¬—ß “¡“√∂‡°‘¥§’‡≈μ°—∫ “√Õ“À“√∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠¢Õß‡´≈≈å ·≈–
TGA ¬—ß‰ª√∫°«π°“√∑”ß“π¢Õß mRNA ·≈–¢—¥¢«“ß°√–∫«π°“√ —ß‡§√“–Àå‚ª√μ’π„π‡´≈≈åÕ’°¥â«¬
º≈°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ S. sobrinus ¢Õß LMw-TGA ·≈– MMw-TGA ‡∑’¬∫°—∫μ—«Õ¬à“ß§«∫§ÿ¡
æ∫«à“ ∑—Èß LMw-TGA ·≈– MMw-TGA μà“ß¡’ƒ∑∏‘Ï∑”≈“¬·≈– √â“ß§«“¡‡ ’¬À“¬μàÕ‡´≈≈å·∫§∑’‡√’¬
‚¥¬ MMw-TGA ¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬‰¥â¥’°«à“ LMw-TGA [20]

√Ÿª∑’Ë 6 ‚§√ß √â“ß‡§¡’¢Õß carboxymethyl chitosan (a), trimethyl chitosan (b), chitosan thioglycolic
acid (c) [20]
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2.6 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßÕπÿæ—π∏å°≈ÿà¡ Deoxychitosan
‡π◊ËÕß®“°ª°μ‘·≈â«‰§‚μ´“ππ—Èπ¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“∑’Ë‰¡à‚¥¥‡¥àππ—° ¥—ßπ—Èπ®÷ß

¡’°“√ —ß‡§√“–ÀåÕπÿæ—π∏å°≈ÿà¡ deoxychitosan ‰¥â·°à 6-aminoethylamino-6-deoxychitosan (ADC),
6-butylamino-6-deoxychitosan (BDC) ·≈– 6-pyridyl-6-deoxychitosan (PDC) ¢÷Èπ‡æ◊ËÕ‡æ‘Ë¡ƒ∑∏‘Ï
¬—∫¬—Èß·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“ ‚¥¬‚§√ß √â“ß‡§¡’¢ÕßÕπÿæ—π∏å· ¥ß¥—ß√Ÿª∑’Ë 7 ®“°√“¬ß“πº≈°“√∑¥≈Õßæ∫«à“
Õπÿæ—π∏å∑—Èß “¡™π‘¥μà“ß¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬∑’Ë¥’°«à“‰§‚μ´“π ‚¥¬ BDC ¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬ S. aureus
·≈– E. coli ‰¥â¥’ ¢≥–∑’Ë ADC ¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬ S. aureus, E. coli, Bacillus anthracis ·≈–
Salmonella typhi ‰¥â‚¥¥‡¥àπ∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫Õπÿæ—π∏åÕ◊Ëπ ·≈–¬—ß„Àâº≈¥’°«à“°“√„™â Streptomycin
´÷Ëß‡ªìπ¬“ªØ‘™’«π–Õ’°¥â«¬ ∑—Èßπ’È‡π◊ËÕß®“° ADC ª√–°Õ∫¥â«¬À¡Ÿà -NH2 ®”π«π¡“°®÷ß‡°‘¥‚ª√‚μ‡π™—π‰¥â¥’
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 àßº≈„Àâ¡’§«“¡‡¢â¡¢Õßª√–®ÿ∫«°¡“°∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫Õπÿæ—π∏åÕ◊Ëπ„π°≈ÿà¡‡¥’¬«°—π [21] ®“°√“¬ß“πº≈
°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ√“¢ÕßÕπÿæ—π∏å°≈ÿà¡ deoxychitosan · ¥ß¥—ßμ“√“ß∑’Ë 1 æ∫«à“Õπÿæ—π∏å∑—Èß 3 ™π‘¥
μà“ß¡’ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ√“ Rhizoctonia cerealis, Fusarium oxysporum ·≈– Botrytis cinerea ∑’Ë¥’°«à“
‰§‚μ´“π ‚¥¬æ∫«à“ ADC ́ ÷Ëß¡’À¡Ÿà -NH2 „π‚§√ß √â“ß ¡’ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ B. cinerea ‰¥â¥’∑’Ë ÿ¥ ¢≥–∑’Ë BDC
´÷Ëß¡’À¡Ÿà alkyl group „π‚§√ß √â“ß ¡’ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ R. cerealis ·≈– F. oxysporum ‰¥â¥’∑’Ë ÿ¥ ·≈–‡ªìπ
Õπÿæ—π∏å‡æ’¬ß™π‘¥‡¥’¬«∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ Fusarium graminearum ®“°¢âÕ¡Ÿ≈¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπÕ¬à“ß
™—¥‡®π«à“§«“¡·μ°μà“ß¢ÕßÀ¡Ÿàøíß°å™—ππ—Èπ¡’º≈Õ¬à“ß¡“°μàÕƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß‡™◊ÈÕ®ÿ≈‘π∑√’¬å¢Õß
Õπÿæ—π∏å‰§‚μ´“π [21]

√Ÿª∑’Ë 7 ‚§√ß √â“ß‡§¡’¢Õß 6-aminoethylamino-6-deoxychitosan (a), 6-butylamino-6-deoxychitosan
(b) ·≈– 6-pyridyl-6-deoxychitosan (c) [21]

HO

R
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O

NH2 n

(a) R = NHCH2CH2NH2

(b) R = NHCH2CH2CH2CH3

(c) R = N+

μ“√“ß∑’Ë 1 · ¥ßƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ√“¢Õß‰§‚μ´“π·≈–Õπÿæ—π∏å°≈ÿà¡ deoxychitosan [21]

Compound
Inhibition rate (%)

F. graminearum R. cerealis F. oxysporum B. cinerea

chitosan - 7.34c 11.68c 21.19c

6-aminoethylamino-6-deoxychitosan (ADC) - 22.48b 21.83b 63.56a

6-butylamino-6-deoxychitosan (BDC) 8.56 28.44a 28.43a 31.92b

6-pyridyl-6-deoxychitosan (PDC) - 22.48b 23.35b 28.25b

À¡“¬‡Àμÿ* Duncanûs SSR §à“‡©≈’Ë¬®“°º≈°“√∑¥≈Õß 3 §√—Èß ¢âÕ¡Ÿ≈„π§Õ≈—¡πå‡¥’¬«°—π·≈–¡’μ—«Õ—°…√°”°—∫‡¥’¬«°—π

π—Èπ‰¡à¡’§«“¡·μ°μà“ß°—π∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% (p < 0.05)

3. ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß§Õ¡æÕ ‘μ¢Õß‰§‚μ´“π
‡¡◊ËÕπ—°«‘∑¬“»“ μ√åæ∫«à“Õπÿ¿“§π“‚πÕπ‘π∑√’¬å¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥â¥’ ∑”„Àâ°“√»÷°…“ƒ∑∏‘Ï

¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßÕπÿ¿“§π“‚πÕπ‘π∑√’¬å‰¥â√—∫§«“¡ π„®Õ¬à“ß¡“° ·μà®“°ªí≠À“°“√‡°“–μ—«°—π¢Õß
Õπÿ¿“§∑”„Àâ°√–®“¬„πμ—«°≈“ß‰¥â‰¡à¥’π—° ®÷ß‡ªìπ¢âÕ®”°—¥ ”§—≠¢Õß°“√π”Õπÿ¿“§π“‚πÕπ‘π∑√’¬å‰ª
ª√–¬ÿ°μå„™â ”À√—∫¬—∫¬—Èß®ÿ≈‘π∑√’¬å ¥â«¬‡Àμÿπ’È«— ¥ÿ§Õ¡æÕ ‘μ¢Õß‰§‚μ´“π·≈–Õπÿ¿“§π“‚πÕπ‘π∑√’¬å®÷ß
∂Ÿ°‡μ√’¬¡¢÷Èπ‚¥¬‰§‚μ´“π¡’∫∑∫“∑‡ªìπμ—«∑”°√–®“¬¢ÕßÕπÿ¿“§π“‚π¥—ß°≈à“« ´÷Ëß∑—Èß‰§‚μ´“π·≈–Õπÿ¿“§
π“‚πμà“ß°Á™à«¬‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß°—π·≈–°—π‰¥âÕ¬à“ß¥’¬‘Ëß ∑—Èßπ’È¡’°“√‡μ√’¬¡§Õ¡æÕ ‘μ¢Õß
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‰§‚μ´“π°—∫Õπÿ¿“§π“‚πÕπ‘π∑√’¬åÀ≈“°À≈“¬™π‘¥ ‚¥¬¡’ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å∑’Ë·μ°μà“ß°—π
¥—ßμ—«Õ¬à“ßμàÕ‰ªπ’È

3.1 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π√à«¡°—∫Õπÿ¿“§π“‚π ‘́≈‡«Õ√å
°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß silver/chitosan Janus nanoparticles ‡√‘Ë¡®“°ª√–®ÿ∫«°

¢Õß polycationic chitosan ‰ª‡°‘¥°“√¥Ÿ¥´—∫·≈–ª°§≈ÿ¡∫πºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å´÷Ëß¡’¢—È«≈∫ ®“°π—Èπ
Õπÿ¿“§π“‚π´‘≈‡«Õ√å (silver nanoparticles; AgNPs) ®–ª≈¥ª≈àÕ¬ Ag+ ‡¢â“∑”≈“¬‡¬◊ËÕÀÿâ¡‡´≈≈å∑”„Àâ
‡°‘¥°“√√—Ë«‰À≈¢ÕßÕß§åª√–°Õ∫¿“¬„π‡´≈≈å ®“°π—Èπ Ag+ ®–‡¢â“ Ÿàπ‘«‡§≈’¬ ·≈–√∫°«π°“√ —ß‡§√“–Àå RNA
·≈–‚ª√μ’π∑”„Àâ‡´≈≈å®ÿ≈‘π∑√’¬åμ“¬≈ß„π∑’Ë ÿ¥ ‚¥¬æ∫«à“ silver/chitosan Janus nanoparticles  “¡“√∂
¬—∫¬—Èß°“√ßÕ°¢Õß ªÕ√å‡™◊ÈÕ√“‰¥âÕ¬à“ß ¡∫Ÿ√≥å [22] ‚¥¬°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß AgNPs ‡°‘¥®“° Ag+

´÷Ëßª≈¥ª≈àÕ¬®“°Õπÿ¿“§·≈–‡¢â“‰ª®—∫°—∫ sulfhydryl groups ¢Õß‡¡·∑∫Õ≈‘§‡Õπ‰´¡å (metabolic enzymes)
¢Õß‡´≈≈å·∫§∑’‡√’¬ ¢—¥¢«“ß°√–∫«π°“√¢π àßÕ‘‡≈Á°μ√Õπ ·≈– Ag+ ∑’Ë‡¢â“®—∫°—∫ DNA ®–√∫°«π°“√·∫àß
‡´≈≈å Õ’°∑—ÈßÕπÿ¡Ÿ≈Õ‘ √–∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“®“°º‘«Õπÿ¿“§ AgNPs ¬—ß “¡“√∂∑”≈“¬‡¬◊ËÕÀÿâ¡‡´≈≈å·∫§∑’‡√’¬
√«¡∂÷ß AgNPs ¬—ß “¡“√∂·∑√° ÷́¡‡¢â“‰ª¿“¬„π‡´≈≈å·∫§∑’‡√’¬‰¥â‚¥¬μ√ß  àßº≈„Àâ‡°‘¥°“√√—Ë«‰À≈¢Õß
‚ª√μ’π·≈–Õß§åª√–°Õ∫¿“¬„π‡´≈≈å ∑”≈“¬°≈‰°§«∫§ÿ¡°“√·æ√àºà“π¢Õß “√‡¢â“·≈–ÕÕ°®“°‡´≈≈å ∑”„Àâ
‡´≈≈å·∫§∑’‡√’¬μ“¬„π∑’Ë ÿ¥ [23] πÕ°®“°°“√„™â‰§‚μ´“π√à«¡°—∫Õπÿ¿“§π“‚π ‘́≈‡«Õ√å (chitosan-silver
nanoparticles; CS-AgNPs) ‡æ’¬ßÕ¬à“ß‡¥’¬«·≈â« ¬—ß¡’°“√ —ß‡§√“–Àå Iodinated chitosan AgNPs
composite ‚¥¬‡æ‘Ë¡‰Õ‚Õ¥’π≈ß‰ª‡æ◊ËÕ‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å„Àâ¥’¬‘Ëß¢÷Èπ ‚¥¬°≈‰°°“√¬—∫¬—Èß·∫§∑’‡√’¬
¢Õß§Õ¡æÕ ‘μ¥—ß°≈à“«‡√‘Ë¡®“° polycationic chitosan ‡¢â“ª°§≈ÿ¡∫πºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬´÷Ëß¡’¢—È«≈∫
 “¬‚ à́‰§‚μ´“π®–π”æ“ AgNPs ´÷Ëß¡’‚¡‡≈°ÿ≈‰Õ‚Õ¥’π‡°“–Õ¬Ÿà∑’Ëº‘«μ‘¥‰ª¥â«¬ ®“°π—Èπ®÷ßª≈¥ª≈àÕ¬
‰Õ‚Õ¥’π‰ÕÕÕπ‡¢â“ Ÿà‡´≈≈å·≈–°àÕ„Àâ‡°‘¥Õπÿ¡Ÿ≈Õ‘ √– ÷́Ëß®–‰ª∑”≈“¬ DNA ·≈–‚ª√μ’π  àßº≈„Àâ‡´≈≈å
º‘¥ª°μ‘·≈–μ“¬„π∑’Ë ÿ¥ ¢≥–‡¥’¬«°—π AgNPs ·≈–‰§‚μ´“π¬—ß∑”„Àâºπ—ß‡´≈≈å‡ ’¬À“¬ ∑”„Àâ‡°‘¥°“√√—Ë«‰À≈
¢Õß “√ÕÕ°®“°‡´≈≈å ´÷Ëß°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß Iodinated chitosan AgNP composite · ¥ß
¥—ß√Ÿª∑’Ë 8 [24]

√Ÿª∑’Ë 8 °≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß Iodinated chitosan AgNP composite [24]
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√Ÿª∑’Ë 9 °≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß chitosan/nano-ZnO composite [25]

3.2 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π√à«¡°—∫Õπÿ¿“§π“‚π ‘́ß§åÕÕ°‰´¥å
°“√„™â‰§‚μ´“π√à«¡°—∫Õπÿ¿“§π“‚π´‘ß§åÕÕ°‰´¥å (nano-ZnO) · ¥ßƒ∑∏‘Ï¬—∫¬—Èß

®ÿ≈‘π∑√’¬å‡¡◊ËÕÕ¬Ÿà¿“¬„μâ· ß„π¬à“π UV-VIS ‚¥¬‡¡◊ËÕÕπÿ¿“§ nano-ZnO ∂Ÿ°°√–μÿâπ¥â«¬· ß®–∑”„Àâ‡°‘¥
electron hole pairs ́ ÷Ëß∑”„Àâ‚¡‡≈°ÿ≈πÈ”‡°‘¥°“√·μ°μ—«°≈“¬‡ªìπ OH- ·≈– H+ ®“°π—Èπ H+ ®–‡¢â“∑”ªØ‘°‘√‘¬“°—∫
OH- ∑’Ëæ◊Èπº‘«¢ÕßÕπÿ¿“§ nano-ZnO °≈“¬‡ªìπ Hydroperoxyl radical (HO2

ë) ÷́Ëß‡ªìπÕπÿ¡Ÿ≈Õ‘ √–∑’Ë¡’
§«“¡«àÕß‰« Ÿß®÷ß¡’ƒ∑∏‘Ï∑”≈“¬‡´≈≈å®ÿ≈‘π∑√’¬å‰¥â ¢≥–‡¥’¬«°—π Zn2+

 ´÷Ëß∂Ÿ°ª≈¥ª≈àÕ¬®“°Õπÿ¿“§ ®–‡¢â“®—∫
°—∫‚ª√μ’π·≈–‡°‘¥Õ—πμ√°‘√‘¬“°—∫°√¥π‘«§≈’Õ‘° ·≈–‰ª¬—∫¬—Èß°√–∫«π°“√§—¥≈Õ°√À— ∑“ßæ—π∏ÿ°√√¡¢Õß
®ÿ≈‘π∑√’¬å‰¥â ·≈– Zn2+ ¬—ß “¡“√∂‡°‘¥Õ—πμ°‘√‘¬“°—∫‡¬◊ËÕÀÿâ¡‡´≈≈å·≈â«∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘¢Õß‚§√ß √â“ß
·≈–°“√·≈°‡ª≈’Ë¬π “√ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å®ÿ≈‘π∑√’¬å¥â«¬ [25] Õ’°∑—ÈßÕπÿ¿“§ nano-ZnO ¬—ß “¡“√∂·∑√°´÷¡
ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–‡¢â“∑”≈“¬‡´≈≈å·∫§∑’‡√’¬‰¥â‚¥¬μ√ß ‚¥¬‰ª√∫°«π°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡
(metabolism) ·≈–°“√∑”ß“π¢Õß‚ª√μ’π ·≈– DNA ¿“¬„π‡´≈≈å [26] °≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß
‰§‚μ´“π√à«¡°—∫Õπÿ¿“§ nano-ZnO ‚¥¬¡’ Polyvinyl alcohol (PVA) ‡ªìπμ—«√Õß√—∫· ¥ß¥—ß√Ÿª∑’Ë 9
‚¥¬∑—Èß‰§‚μ´“π Õπÿ¿“§ nano-ZnO √«¡∂÷ß‰ÕÕÕπμà“ßÊ ∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“®–‡°‘¥°“√ – ¡·≈–∂Ÿ°
μ√÷ßÕ¬Ÿà∫πºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å ∑”„Àâºπ—ß‡´≈≈å‡ ’¬ ¿“æ®÷ß Ÿ≠‡ ’¬ ¡∫—μ‘°“√‡≈◊Õ°ºà“π “√‡¢â“·≈–ÕÕ°
®“°‡´≈≈å ¬‘Ëß°«à“π—ÈπÕπÿ¿“§ nano-ZnO ¬—ß∑”„Àâ‡°‘¥ÕÕ°´‘‡®π∑’Ë«àÕß‰« (reactive oxygen species; O2

ë-)
´÷Ëß¡’ƒ∑∏‘Ï∑”≈“¬ºπ—ß‡´≈≈å·≈–∑”„Àâ‡°‘¥°“√√—Ë«‰À≈¢ÕßÕß§åª√–°Õ∫¿“¬„π‡´≈≈å®ÿ≈‘π∑√’¬å ¢≥–‡¥’¬«°—π
‚¡‡≈°ÿ≈‰§‚μ´“π∑’Ë “¡“√∂·∑√°´÷¡ºà“π‡¢â“¡“¬—ß¿“¬„π‡´≈≈å®–‡¢â“√«¡μ—«°—∫ DNA ·≈– RNA ‡¢â“¢—¥
¢«“ß°√–∫«π°“√®”≈Õß·∫∫¢Õß®’‚π¡ ®–‡ÀÁπ‰¥â«à“°“√∑”ß“π√à«¡°—π¢Õß‰§‚μ´“π·≈– nano-ZnO
®÷ß “¡“√∂¬—∫¬—Èß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ [25]
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3.3 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π√à«¡°—∫Õπÿ¿“§‰∑‡∑‡π’¬¡‰¥ÕÕ°‰´¥å
·≈–Õπÿ¿“§π“‚π´‘≈‡«Õ√å

Silver nanoparticles@chitosan-TiO2 (AgNPs@CTA) §◊Õ§Õ¡æÕ ‘μ¢Õß 3 Õß§å-
ª√–°Õ∫ ‰¥â·°à AgNPs, TiO2 ·≈– ‰§‚μ´“π ÷́Ëßμà“ß°Á¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å ∑—Èßπ’È°≈‰°°“√∑”ß“π√à«¡
°—π‡æ◊ËÕ¬—∫¬—Èß·∫§∑’‡√’¬¢Õß·μà≈–Õß§åª√–°Õ∫„π AgNPs@CTA · ¥ß¥—ß√Ÿª∑’Ë 10 [27] ‚¥¬‡√‘Ë¡®“°
‡´≈≈å·∫§∑’‡√’¬∂Ÿ°μ√÷ß∫πæ◊Èπº‘« AgNPs@CTA ‚¥¬Õ—πμ√°‘√‘¬“‡°‘¥ºà“π·√ß∑“ß‰øøÑ“√–À«à“ßºπ—ß‡´≈≈å
·∫§∑’‡√’¬´÷Ëß¡’¢—È«≈∫°—∫ polycationic chitosan ·≈– Ag+ ∫πæ◊Èπº‘« AgNPs ¥—ßπ—Èπ®÷ß∑”„Àâ·μà≈–Õß§å-
ª√–°Õ∫„π AgNPs@CTA  “¡“√∂‡¢â“∑”≈“¬‡´≈≈å·∫§∑’‡√’¬‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‚¥¬°“√ÕÕ°ƒ∑∏‘Ï
∑”≈“¬‡´≈≈å®ÿ≈‘π∑√’¬åπ—Èπ‡°‘¥®“° 2 Õß§åª√–°Õ∫À≈—° §◊Õ AgNPs ·≈– TiO2 ‡ªìπ ”§—≠

√Ÿª∑’Ë 10 °≈‰°°“√¬—∫¬—Èß·∫§∑’‡√’¬¢Õß AgNPs@CTA [27]

ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß AgNPs π—Èπ‡°‘¥®“° Ag+ Õ‘ √–´÷Ëß∂Ÿ°ª≈¥ª≈àÕ¬®“°æ◊Èπº‘«¢Õß AgNPs
‚¥¬‡°‘¥ºà“π 3 °≈‰° ¥—ßπ’È (1) Ag+ ‡°‘¥Õ—πμ√°‘√‘¬“°—∫ºπ—ß‡´≈≈å·≈â«∑”≈“¬°≈‰°§«∫§ÿ¡°“√·æ√àºà“π¢Õß
 “√‡¢â“·≈–ÕÕ°®“°‡´≈≈å (2) Ag+ ∑”ªØ‘°‘√‘¬“°—∫ thiols ´÷Ëß‡ªìπÕß§åª√–°Õ∫¢Õß‚ª√μ’π„π‡´≈≈å ®÷ß∑”„Àâ
‡°‘¥§«“¡º‘¥ª°μ‘¢Õß°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡ ‡™àπ √«¡μ—«°—∫‡Õπ‰´¡å∑’Ë¡’∫∑∫“∑μàÕ√–∫∫≈Ÿ°‚´à°“√
À“¬„®¢Õß·∫§∑’‡√’¬ (bacteria respiratory chain) ·≈–∑”„Àâ‡°‘¥§«“¡‡§√’¬¥ÕÕ°´‘‡¥™—Ëπ¿“¬„π‡´≈≈å
(intracellular oxidative stress) (3) Ag+ ‡¢â“∑”ªØ‘°‘√‘¬“°—∫øÕ øÕ√— ´÷Ëß‡ªìπÕß§åª√–°Õ∫„π DNA
®÷ß¬—∫¬—Èß°“√®”≈Õßμ—«‚¥¬¢—¥¢«“ß°“√§≈’ËÕÕ°¢Õß “¬‚´à DNA  ”À√—∫ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß TiO2

π—Èπ¡’§«“¡√ÿπ·√ß·≈–‚¥¥‡¥àπ°«à“ AgNPs ‚¥¬À“°§Õ¡æÕ ‘μ∂Ÿ°°√–μÿâπ¥â«¬· ß UV-VIS ®–∑”„Àâ TiO2

‡°‘¥ªØ‘°‘√‘¬“·≈–ª≈¥ª≈àÕ¬ÕÕ° ‘́‡®π∑’Ë«àÕß‰« ‡™àπ O2
ë-, HOë, H2O2 ·≈– HO2

ë ´÷Ëßμà“ß¡’ƒ∑∏‘Ï∑”≈“¬
‡´≈≈å®ÿ≈‘π∑√’¬å ‚¥¬ÕÕ°´‘‡®π∑’Ë«àÕß‰«‡À≈à“π’È®–‡¢â“∑”≈“¬‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–ºπ—ß‡´≈≈å®÷ß∑”„Àâ‡´≈≈å·μ° ‡´≈≈å
®ÿ≈‘π∑√’¬å®÷ß∂Ÿ°∑”≈“¬≈ß
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3.4 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßÕπÿæ—π∏å‰§‚μ´“π√à«¡°—∫Õπÿ¿“§Õ–≈Ÿ¡‘‚π‡°μ
§Õ¡æÕ ‘μ¢ÕßÕπÿæ—π∏å‰§‚μ´“π quaternized carboxymethyl chitosan oligosaccharide

·≈– rectorite ´÷Ëß‡ªìπÕπÿ¿“§Õ–≈Ÿ¡‘‚π‡°μ À√◊Õ QCOR nanocomposite ‰¥â∂Ÿ°æ—≤π“¢÷Èπ‡æ◊ËÕ‡æ‘Ë¡ƒ∑∏‘Ï
¬—∫¬—Èß®ÿ≈‘π∑√’¬å ‚¥¬ rectorite ∑”Àπâ“∑’Ë¥Ÿ¥´—∫‡´≈≈å®ÿ≈‘π∑√’¬å·≈–μ√÷ß‰«â‡æ◊ËÕ„Àâ‚¡‡≈°ÿ≈ quaternized
carboxymethyl chitosan oligosaccharide ´÷Ëß¡’ª√–®ÿ∫«° ‡¢â“‰ª‡°‘¥Õ—πμ√°‘√‘¬“·≈–ÕÕ°ƒ∑∏‘Ï∑”≈“¬
‡´≈≈å®ÿ≈‘π∑√’¬å‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ¥—ßπ—Èπ‡¡◊ËÕ√«¡∑—Èß ÕßÕß§åª√–°Õ∫‡¢â“¥â«¬°—π®÷ß¬‘Ëß‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß
®ÿ≈‘π∑√’¬å„Àâ¥’¢÷Èπ ·≈–æ∫«à“ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å®–·ª√º—πμ“¡§«“¡‡¢â¡¢âπ¢ÕßÕπÿæ—π∏å‰§‚μ´“π [28]

4. ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π‡¡◊ËÕ„™â√à«¡°—∫ “√μ—«‡μ‘¡Õ◊Ëπ
πÕ°®“°∑’Ë°≈à“«¡“¢â“ßμâπ·≈â« ¬—ß¡’«‘∏’°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ·≈–‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å·°à

‰§‚μ´“π ‚¥¬°“√„™â√à«¡°—∫ “√μ—«‡μ‘¡Õ◊Ëπ ´÷Ëß‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√æ—≤π“‡æ◊ËÕπ”‰§‚μ´“π‰ªª√–¬ÿ°μå
„™â ”À√—∫¬—∫¬—Èß®ÿ≈‘π∑√’¬å ‚¥¬μ—«Õ¬à“ß°“√„™â‰§‚μ´“π√à«¡°—∫ “√μ—«‡μ‘¡μà“ßÊ ¡’¥—ßμàÕ‰ªπ’È

4.1 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π√à«¡°—∫πÈ”¡—πÀÕ¡√–‡À¬
·¡â®–¡’°“√π”πÈ”¡—πÀÕ¡√–‡À¬¡“„™â ”À√—∫¬—∫¬—Èß®ÿ≈‘π∑√’¬åÕ¬à“ß°«â“ß¢«“ß ·μà°≈‰°°“√

¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢ÕßπÈ”¡—πÀÕ¡√–‡À¬°≈—∫¬—ß‰¡à‡ªìπ∑’Ë‡¢â“„®Õ¬à“ß™—¥‡®ππ—° ∑—Èßπ’È‡ªìπ‡æ√“–πÈ”¡—πÀÕ¡√–‡À¬
·μà≈–™π‘¥°Á¡’Õß§åª√–°Õ∫∑’ËÀ≈“°À≈“¬·≈–·μ°μà“ß°—π ®÷ß àßº≈„Àâ¡’ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß∑’Ë·μ°μà“ß°—π
μ“¡‰ª¥â«¬ ‚¥¬¡’√“¬ß“π«à“ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬¢ÕßπÈ”¡—πÀÕ¡√–‡À¬‡°‘¥®“°‚¡‡≈°ÿ≈πÈ”¡—π “¡“√∂
·∑√°´÷¡ºà“πºπ—ß‡´≈≈å·∫§∑’‡√’¬‡¢â“‰ª¿“¬„π·≈–ÕÕ°ƒ∑∏‘Ï∑”≈“¬‡´≈≈å‰¥â [29] ‚¥¬ “√ª√–°Õ∫øïπÕ≈‘°
´÷Ëßæ∫‡ªìπÕß§åª√–°Õ∫À≈—°„ππÈ”¡—πÀÕ¡√–‡À¬®–‡¢â“®—∫°—∫ phospholipid ∫π‡¬◊ËÕÀÿâ¡‡´≈≈å®ÿ≈‘π∑√’¬å ∑”„Àâ
‡´≈≈å·μ°®÷ß‡°‘¥°“√√—Ë«‰À≈¢Õß‰´‚μæ≈“  ÷́¡·≈– “√Õß§åª√–°Õ∫¿“¬„π‡´≈≈å Õ’°∑—Èß “√ª√–°Õ∫øïπÕ≈‘°
¬—ß “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“°—∫‡Õπ‰´¡å∑’Ë§«∫§ÿ¡°“√ —ß‡§√“–Àå‚§√ß √â“ß‡´≈≈å ·≈–√∫°«π√–∫∫°“√º≈‘μ
æ≈—ßß“π¿“¬„π‡´≈≈å (ATP) ∑”≈“¬√–∫∫¢—∫‡§≈◊ËÕπ‚ª√μÕπ ®÷ß∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß‚ª√μÕπ¿“¬„π·≈–
¿“¬πÕ°‡´≈≈å‰¡à ¡¥ÿ≈°—π ·≈–‡°‘¥°“√√«¡μ—«°—π¢ÕßÕß§åª√–°Õ∫¿“¬„π‡´≈≈å [29]

‡π◊ËÕß®“°πÈ”¡—πÀÕ¡√–‡À¬‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’ ¿“æ¢—È«μË”®÷ß‡°‘¥Õ—πμ√°‘√‘¬“°—∫‰¢¡—π (lipid)
´÷Ëß‡ªìπÕß§åª√–°Õ∫¢Õßºπ—ß‡´≈≈å·≈–‰¡‚μ§Õπ‡¥√’¬‰¥â¥’ πÈ”¡—πÀÕ¡√–‡À¬®÷ß “¡“√∂‡¢â“∑”≈“¬‚§√ß √â“ß
‡´≈≈å ∑”„Àâ‡´≈≈å·μ°·≈–‡°‘¥°“√√—Ë«‰À≈¢Õß‰ÕÕÕπ·≈– “√Õß§åª√–°Õ∫¿“¬„π‡´≈≈å [29] Õ’°∑—Èß
 “√ª√–°Õ∫‰Œ‚¥√§“√å∫Õπ‰¡à¡’¢—È«„ππÈ”¡—πÀÕ¡√–‡À¬ ¬—ß “¡“√∂‡°‘¥ªØ‘°‘√‘¬“°—∫‡Õπ‰´¡å ATPases ÷́Ëß
Õ¬Ÿà¿“¬„π‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–∂Ÿ°≈âÕ¡√Õ∫¥â«¬‚¡‡≈°ÿ≈‰¢¡—π ‚¥¬‚¡‡≈°ÿ≈‰Œ‚¥√§“√å∫Õπ‡À≈à“π—Èπ®–‡°‘¥°“√
 – ¡„π™—Èπ‰¢¡—π (lipid bilayer) ¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å‰¥â¥’ ®÷ß¢—¥¢«“ß°“√‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß‰¢¡—π°—∫
‚ª√μ’π„π‡´≈≈å πÕ°®“°π’ÈπÈ”¡—πÀÕ¡√–‡À¬¬—ß‡√àß°“√‡®√‘≠¢Õß Pseudomycelia „π¬’ μå ∑”„Àâ‡´≈≈å·¬°
ÕÕ°®“°°—π‰¥â‰¡à ¡∫Ÿ√≥å ·≈–πÈ”¡—πÀÕ¡√–‡À¬¬—ß “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“°—∫‡Õπ‰´¡å´÷Ëß∑”Àπâ“∑’Ë √â“ß
æ≈—ßß“πÀ√◊Õ —ß‡§√“–Àå‚§√ß √â“ß‡´≈≈åÕ’°¥â«¬ [30]

∑—Èßπ’Èƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß¢ÕßπÈ”¡—πÀÕ¡√–‡À¬μàÕ·∫§∑’‡√’¬·°√¡∫«°·≈–·°√¡≈∫
¡’§«“¡·μ°μà“ß°—π ‚¥¬æ∫«à“ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«° ‡™àπ Bacillus enteritidis, B. subtilis, ·≈–
S. aureus π—Èπ¥’°«à“·∫§∑’‡√’¬·°√¡≈∫ ‡™àπ E. coli ·≈– Shigella dysenteriae ‡π◊ËÕß®“°ºπ—ß‡´≈≈å¢Õß
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·∫§∑’‡√’¬·°√¡≈∫ª√–°Õ∫¥â«¬ lipopolysaccharide ÷́Ëß¡’¢—È«·≈–¡’§«“¡ —́∫´âÕπ¡“°°«à“¢Õß·∫§∑’‡√’¬
·°√¡∫«° ®÷ß¢—¥¢«“ß°“√·∑√° ÷́¡¢Õß‚¡‡≈°ÿ≈πÈ”¡—πÀÕ¡√–‡À¬ ÷́Ëß‰¡à¡’¢—È«ºà“π‡¢â“‰ª∑”≈“¬‡´≈≈åπ—Ëπ‡Õß [30]
º≈°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡∫«°·≈–·°√¡≈∫¢ÕßπÈ”¡—πÀÕ¡√–‡À¬®“°æ◊™μ√–°Ÿ≈ â¡´÷Ëß¡—°
ª√–°Õ∫¥â«¬ “√°≈ÿà¡·Õ≈°ÕŒÕ≈å æ∫«à“ carvacrol ́ ÷Ëßæ∫‡ªìπÕß§åª√–°Õ∫„ππÈ”¡—πÀÕ¡√–‡À¬ “¡“√∂¬—∫¬—Èß
·∫§∑’‡√’¬·°√¡∫«°‰¥â¥’°«à“·°√¡≈∫ ‚¥¬ carvacrol ¬—ß¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬‰¥â¥’°«à“ eugenol À√◊Õ menthol
∑—Èßπ’È‡π◊ËÕß®“° carvacrol ¡’ ¿“æ¢—È«μË”°«à“ ®÷ß‡°‘¥°“√ – ¡„π™—Èπ‰¢¡—π´÷Ëß‡ªìπÕß§åª√–°Õ∫¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å
‰¥â¥’°«à“  àßº≈„Àâ‡¬◊ËÕÀÿâ¡‡´≈≈å‡ ’¬ ¿“æ ¢≥–‡¥’¬«°—π°≈—∫æ∫«à“ carvacrol ·≈– thimol ¬—ß¡’ƒ∑∏‘Ï¬—∫¬—Èß
·∫§∑’‡√’¬·°√¡≈∫¥â«¬ ‚¥¬‡°‘¥ºà“π°≈‰°∑’Ë·μ°μà“ß®“°¢Õß·∫§∑’‡√’¬·°√¡∫«° §◊Õ carvacrol ·≈– thimol
μà“ß∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬μàÕºπ—ß‡´≈≈å [31] Cinnamaldehyde (CA) ´÷Ëß‡ªìπÕß§åª√–°Õ∫„ππÈ”¡—πÀÕ¡
√–‡À¬®“°Õ∫‡™¬¡’ƒ∑∏‘Ï¬—∫¬—Èß P. aeruginosa ‚¥¬ CA ‡¢â“¬—∫¬—ÈßÀ√◊Õ√∫°«π√–∫∫ autoinducer-2 (AI-2)
¢Õß‡´≈≈å®ÿ≈‘π∑√’¬å ·≈–‡¡◊ËÕ„™â CA √à«¡°—∫‰§‚μ´“πæ∫«à“μà“ß™à«¬‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å„Àâ¥’¢÷Èπ [32]

4.2 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π√à«¡°—∫‚¡‡≈°ÿ≈ ∫Ÿà
‡π◊ËÕß®“°ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰§‚μ´“π‡æ’¬ßÕ¬à“ß‡¥’¬«¬—ß‰¡à¥’π—° ¥—ßπ—Èπ‚¡‡≈°ÿ≈ ∫Ÿà

(surfactant) ÷́Ëßª√–°Õ∫¥â«¬ à«πÀ—«∑’Ë¡’¢—È«·≈– à«πÀ“ß‡ªìπ‰Œ‚¥√§“√å∫Õπ “¬¬“«∑’Ë‰¡à¡’¢—È« ‡™àπ nonionic
surfactant-alkyl -D-glucopyranoside (AG) ®÷ß∂Ÿ°π”¡“„™â√à«¡°—∫‰§‚μ´“π ·≈–æ∫«à“∑”„Àâ
ª√– ‘∑∏‘¿“æ„π°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¥’¢÷Èπ ∑—Èßπ’È‡π◊ËÕß®“°‰§‚μ´“π·≈– AG ¡’§«“¡‡¢â“°—π‰¥â‚¥¬‡°‘¥æ—π∏–
‰Œ‚¥√‡®π√–À«à“ß -NH3

+ ¢Õß‰§‚μ´“π °—∫ à«πÀ—« (-OH) ¢Õß‚¡‡≈°ÿ≈ AG ®÷ß™à«¬≈¥°“√‡°‘¥æ—π∏–
‰Œ‚¥√‡®π∑—Èß¿“¬„π·≈–√–À«à“ß “¬‚´à‰§‚μ´“π‡Õß ¥—ßπ—Èπ AG ®÷ß™à«¬„Àâ “¬‚´à polycationic chitosan
‡°‘¥°“√§≈“¬μ—«·≈–¡’À¡Ÿà -NH3

+ Õ‘ √–´÷Ëß„™â„π°“√‡°‘¥Õ—πμ√°‘√‘¬“°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å¡“°¢÷Èπ ¢≥–
‡¥’¬«°—π à«πÀ“ß (alkyl aglycone) ¢Õß‚¡‡≈°ÿ≈ AG ´÷Ëß¡’¢—È«μË” ®÷ß “¡“√∂·∑√° ÷́¡·≈–æ“‚¡‡≈°ÿ≈
‰§‚μ´“πºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å‰¥â¥’¢÷Èπ ‚¥¬‰§‚μ´“π®–‡¢â“®—∫°—∫ phosphoryl groups ¢Õß phospholipid „π
‡¬◊ËÕÀÿâ¡‡´≈≈å¥â«¬æ—π∏–‰ÕÕÕπ‘°∑’Ë·¢Áß·√ß §Õ¬√∫°«π°“√∑”ß“π¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–∑”„Àâ‡¬◊ËÕÀÿâ¡‡´≈≈å
‡ ’¬ ¿“æ [33]

πÕ°®“°π’È¬—ß¡’°“√„™â C12-C18 alkyl amino prophyldimethylamine betaine (AAPDB)
√à«¡°—∫‰§‚μ´“π ‚¥¬°≈‰°°“√∑”ß“π¢Õß AAPDB ¡’§«“¡§≈â“¬§≈÷ß°—∫ AG §◊Õ à«πÀ—«´÷Ëß¡’¢—È«§Õ¬∑”
Àπâ“∑’Ë¬÷¥‡°“–°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å ‚¥¬Õ—πμ√°‘√‘¬“‡°‘¥ºà“πÀ¡Ÿà -OH ¢Õß∑—Èß‰§‚μ´“π·≈– AAPDB  ”À√—∫
 à«πÀ“ß´÷Ëß‰¡à¡’¢—È«¢Õß‚¡‡≈°ÿ≈ AAPDB ®–∑”Àπâ“∑’Ë·∑√°´÷¡ºà“π‡¬◊ËÕÀÿâ¡‡´≈≈å®ÿ≈‘π∑√’¬å‡æ◊ËÕπ”æ“‚¡‡≈°ÿ≈
‰§‚μ´“π‡¢â“‰ª∑”≈“¬‡´≈≈å®÷ß àßº≈„Àâƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¥’¢÷Èπ ∑—Èßπ’Èæ∫«à“°“√„™â‰§‚μ´“π√à«¡°—∫ AAPDB
¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·°√¡≈∫‰¥â¥’°«à“·°√¡∫«° [34]

4.3 ƒ∑∏‘Ï·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß‰ÕÕÕπ‡™‘ß´âÕπ√–À«à“ß‰§‚μ´“π°—∫‚≈À–
 “√‡™‘ß´âÕπ√–À«à“ß polycationic chitosan °—∫ Zn2+ (CS-Zn2+) π—Èπ¡’ƒ∑∏‘Ï¬—∫¬—Èß

®ÿ≈‘π∑√’¬å‰¥â¥’°«à“°“√„™â‰§‚μ´“π‡æ’¬ßÕ¬à“ß‡¥’¬« ‡π◊ËÕß®“° “√‡ ‘́ß´âÕπ¡’§«“¡‡¢â¡¢Õßª√–®ÿ∫«°¡“°°«à“ ®÷ß
‡°‘¥Õ—πμ√°‘√‘¬“°—∫Õß§åª√–°Õ∫„πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å´÷Ëß¡’ ¿“æ¢—È«≈∫‰¥â¥’°«à“ ∑—Èßπ’È°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å
¢Õß “√‡™‘ß´âÕπ CS-Zn2+ π—Èπ¬—ß‰¡à‡ªìπ∑’Ë‡¢â“„®·πà™—¥ ‚¥¬æ∫«à“ “√‡™‘ß´âÕπ¢Õß‰§‚μ´“π°—∫ Zn2+ ·≈– Ag+

μà“ß¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬‰¥â¥’°«à“‡™◊ÈÕ√“ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß ”À√—∫ E. coli ·≈– Corynebacterium ´÷Ëß
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°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß CS-Ag+ ‡°‘¥®“° Ag+ ´÷Ëß¡’¢π“¥‡≈Á°®÷ß “¡“√∂·∑√° ÷́¡‡¢â“‰ª¬—ß‡´≈≈å
®ÿ≈‘π∑√’¬å·≈–‡¢â“∑”ªØ‘°‘√‘¬“‚¥¬®—∫°—∫À¡Ÿà -SH ¢Õß‚ª√μ’π ∑”„Àâ‚ª√μ’π‡ ’¬ ¿“æ·≈–¢—¥¢«“ß°“√®”≈Õß DNA
¢Õß®ÿ≈‘π∑√’¬å πÕ°®“°π’È¬—ßæ∫«à“ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß “√‡™‘ß´âÕπ√–À«à“ß‰§‚μ´“π°—∫‰ÕÕÕπ‚≈À– 3 ™π‘¥
‰¥â·°à Zn2+, Zr2+ ·≈– Ag+ ¡’§«“¡·μ°μà“ß°—π‚¥¬¡’≈”¥—∫¥—ßπ’È CS-Zn2+

 > CS-Zr2+
 > CS-Ag+ [35]

 √ÿª
‰§‚μ´“π‡ªìπæÕ≈‘‡¡Õ√å∏√√¡™“μ‘ ¡’§«“¡‡¢â“°—π‰¥â∑“ß™’«¿“æ°—∫‡π◊ÈÕ‡¬◊ËÕ ‘Ëß¡’™’«‘μ  “¡“√∂∂Ÿ°

¬àÕ¬ ≈“¬‰¥â¥â«¬°√–∫«π¬àÕ¬ ≈“¬∑“ß∏√√¡™“μ‘ ‰¡à‡ªìπæ‘…μàÕ¡πÿ…¬å ·≈–¬—ß‡ªìπ¡‘μ√μàÕ ‘Ëß·«¥≈âÕ¡
‰§‚μ´“π¡’ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥âÀ≈“¬™π‘¥∑—Èß ·∫§∑’‡√’¬ ¬’ μå √“ ‚¥¬°“√ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å¢Õß
‰§‚μ´“ππ—Èπ “¡“√∂‡°‘¥ºà“πÀ≈“¬°≈‰° ∑—Èßπ’È°≈‰° ”§—≠„π°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å‡°‘¥®“° ¿“æª√–®ÿ∫«°¢Õß
‰§‚μ´“πÀ≈—ßºà“π°√–∫«π°“√‚ª√‚μ‡π™—π ®÷ß “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å´÷Ëß¡’ ¿“æ
¢—È«≈∫·≈–∑”„Àâºπ—ß‡´≈≈å‡ ’¬ ¿“æ Õ’°∑—ÈßÀ¡ŸàÕ–¡‘‚π¢Õß‰§‚μ´“π¬—ß “¡“√∂¥Ÿ¥´—∫ “√Õ“À“√·≈–‰ÕÕÕπ
¢Õß‚≈À–∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õß®ÿ≈‘π∑√’¬å ®÷ß àßº≈„ÀâÕ—μ√“°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å®ÿ≈‘π∑√’¬å≈¥
≈ßÀ√◊ÕÕ“®μ“¬‰¥â ¢≥–‡¥’¬«°—πÀ“°§«“¡‡¢â¡¢âπ¢Õß‰§‚μ´“π ŸßæÕ  “¬‚´à√à“ß·À¢Õß‰§‚μ´“π¬—ß “¡“√∂
°≈“¬‡ªìπøî≈å¡∫“ßª°§≈ÿ¡∫πºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å ∑”„Àâ‡´≈≈å Ÿ≠‡ ’¬ ¡∫—μ‘°“√‡≈◊Õ°ºà“π·≈–‰¡à “¡“√∂
§«∫§ÿ¡°“√ºà“π‡¢â“ÕÕ°¢Õß “√ ·≈–¢—¥¢«“ß°“√ àßºà“π “√Õ“À“√∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠‡μ‘∫‚μ‡¢â“ Ÿà¿“¬„π‡´≈≈å
®÷ß∑”„Àâ‡´≈≈å®ÿ≈‘π∑√’¬åμ“¬„π∑’Ë ÿ¥ ·≈–„π°√≥’¢Õß‰§‚μ´“π∑’Ë¡’¡«≈‚¡‡≈°ÿ≈μË”®– “¡“√∂·∑√°´÷¡ºà“π
‡¢â“‰ª¬—ß¿“¬„π‡´≈≈å ®“°π—Èπ®÷ß‰ª√«¡μ—«°—∫ DNA ·≈â«¬—∫¬—Èß°“√ —ß‡§√“–Àå mRNA ·≈–°“√·ª≈√À— 
RNA ®÷ß√∫°«π°√–∫«π°“√ √â“ß‚ª√μ’π·≈–‡Õπ‰´¡å¢Õß‡´≈≈å®ÿ≈‘π∑√’¬å‰¥â ¥â«¬ ¡∫—μ‘‡À≈à“π’È®÷ß∑”„Àâ
‰§‚μ´“π‡ªìπ∑’Ë π„® ”À√—∫π”¡“ª√–¬ÿ°μå„™â‡ªìπ “√ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å∑—Èß„πªí®®ÿ∫—π·≈–Õπ“§μ

°“√‡æ‘Ë¡»—°¬¿“æ‡æ◊ËÕ„Àâ “¡“√∂π”‰§‚μ´“π‰ª„™âª√–‚¬™πå‰¥âÕ¬à“ßÀ≈“°À≈“¬ æ√âÕ¡∑—Èß¬—ß¡’
ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å‡æ‘Ë¡¢÷Èπ¥â«¬π—Èπ “¡“√∂∑”‰¥â‚¥¬°“√ —ß‡§√“–ÀåÕπÿæ—π∏å ‚¥¬ ¡∫—μ‘¢ÕßÕπÿæ—π∏å‰§‚μ´“π
®–¢÷ÈπÕ¬Ÿà°—∫À¡Ÿàøíß°å™—π∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª ‡™àπ Õ“®≈–≈“¬πÈ”‰¥â¡“°¢÷ÈπÀ“°‡æ‘Ë¡À¡Ÿàøíß°å™—Ëπ∑’Ë¡’§«“¡™Õ∫πÈ”
À√◊ÕÕ“®¡’ ¿“æª√–®ÿ∫«°‡æ‘Ë¡¢÷ÈπÀ“°‡æ‘Ë¡À¡Ÿàøíß°å™—π∑’Ë “¡“√∂‡°‘¥‚ª√‚μ‡π™—π‡¢â“‰ª„π‚¡‡≈°ÿ≈ À√◊ÕÕ“®
‡æ‘Ë¡À¡Ÿàøíß°å™—Ëπ∑’Ë “¡“√∂‡¢â“®—∫°—∫ºπ—ß‡´≈≈å®ÿ≈‘π∑√’¬å‰¥â¥’¢÷Èπ ´÷ËßÀ¡Ÿàøíß°å™—π∑’Ë·μ°μà“ß°—πμà“ß àßº≈∑”„Àâ
Õπÿæ—π∏å·μà≈–™π‘¥¡’ ¡∫—μ‘ ƒ∑∏‘Ï ·≈–°≈‰°°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å∑’Ë·μ°μà“ß°—π¥â«¬

πÕ°®“°π’È °“√‡μ√’¬¡§Õ¡æÕ ‘μ¢Õß‰§‚μ´“π·≈–Õπÿ¿“§π“‚πÕπ‘π∑√’¬å ‰¥â·°à Õπÿ¿“§
π“‚π´‘≈‡«Õ√å Õπÿ¿“§π“‚π´‘ß§åÕÕ°‰´¥å Õπÿ¿“§‰∑‡∑‡π’¬¡‰¥ÕÕ°‰´¥å ·≈–Õπÿ¿“§Õ–≈Ÿ¡‘‚π ‘́≈‘‡°μ ‡ªìπμâπ
‚¥¬‰§‚μ´“π¡’∫∑∫“∑‡ªìπμ—«∑”°√–®“¬¢ÕßÕπÿ¿“§π“‚πÕπ‘π∑√’¬å¥—ß°≈à“« ´÷Ëß∑—Èß‰§‚μ´“π·≈–Õπÿ¿“§
π“‚πÕπ‘π∑√’¬åμà“ß°Á™à«¬‡ √‘¡ƒ∑∏‘Ï´÷Ëß°—π·≈–°—π ·≈–· ¥ßƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å∑’Ë‚¥¥‡¥àπ·≈–¡’ª√– ‘∑∏‘¿“æ
¡“°¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â‰§‚μ´“π·≈–Õπÿ¿“§π“‚π‡æ’¬ßÕ¬à“ß‡¥’¬«

°“√„™â‰§‚μ´“π√à«¡°—∫ “√μ—«‡μ‘¡Õ◊Ëπ´÷Ëß “¡“√∂‡ √‘¡ƒ∑∏‘Ï¬—∫¬—Èß®ÿ≈‘π∑√’¬å °Á‡ªìπÕ’°∑“ß‡≈◊Õ°
Àπ÷Ëß∑’Ëπà“ π„® ”À√—∫°“√‡æ‘Ë¡»—°¬¿“æ‡æ◊ËÕπ”‰§‚μ´“π‰ª„™âª√–‚¬™πå ‚¥¬æ∫°“√„™â‰§‚μ´“π√à«¡°—∫
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