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∫∑§—¥¬àÕ

°“√µ‘¥‡™◊ÈÕ‚¥¬·∫§∑’√‘‚Õ‡ø®À√◊Õ‡ø®‡ªìπ “‡Àµÿ∑’Ë∑”„Àâ Ÿ≠‡ ’¬Õ¬à“ß¡“°∑“ß‡»√…∞°‘®„π
Õÿµ “À°√√¡°“√º≈‘µπ¡ ‚¥¬‚√ßß“π à«π„À≠à‰¥âª√– ∫ªí≠À“°“√ªπ‡ªóôÕπ¢Õß‡ø®Õ¬à“ß√ÿπ·√ß´÷Ëß àßº≈„Àâ
°“√À¡—°≈â¡‡À≈« ‚√ßß“π∫“ß·Ààß„πª√–‡∑»‰∑¬‰¥â¡’°“√ àßµ—«Õ¬à“ßº≈‘µ¿—≥±åπ¡‡ª√’È¬«„Àâ∫√‘…—∑µà“ßª√–‡∑»
‡æ◊ËÕµ√«® Õ∫°“√ªπ‡ªóôÕπ‡ø® ·µà¢âÕ¡Ÿ≈‡°’Ë¬«°—∫‡ø®∑’Ëæ∫„π‚√ßß“π¢Õß‰∑¬π—Èπ¬—ß‰¡à¡’‡æ’¬ßæÕ ®“°§«“¡
 ”§—≠¥—ß°≈à“«„πß“π«‘®—¬π’È®÷ß‡πâπ∂÷ß°“√·¬°·≈–»÷°…“≈—°…≥–¢Õß‡ø®∑’Ëµ‘¥‡™◊ÈÕ„π·∫§∑’‡√’¬°√¥·≈§µ‘°
®“°º≈‘µ¿—≥±åπ¡‡ª√’È¬«∑’Ë¡“®“°°“√À¡—°≈â¡‡À≈«„π‚√ßß“π¢Õß‰∑¬ ®“°°“√»÷°…“æ∫«à“  “¡“√∂·¬°
·∫§∑’‡√’¬°√¥·≈§µ‘°‰¥â 1 ‰Õ‚´‡≈∑ ‡¡◊ËÕ®—¥®”·π°‚Œ µå‚¥¬°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫‡∫ ∫√‘‡«≥ 16S rDNA
¢Õß‚Œ µå°—∫∞“π¢âÕ¡Ÿ≈ GenBank æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ Lactobacillus plantarum ∂÷ß 100% ·≈–
‡¡◊ËÕ·¬°‡ø®®“°‡∑§π‘§°“√∑”Õ“À“√«ÿâπ 2 ™—Èπ æ∫æ≈“§¢π“¥‡≈Á°·≈–¡’≈—°…≥–„  ·≈–„Àâ™◊ËÕ‡ø®π’È«à“ T 25
®“°°“√»÷°…“≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢Õß‡ø® T 25 ¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“πæ∫«à“
‡ø® T 25 ¡’ à«πÀ—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡ ‚¥¬¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß à«πÀ—«‡∑à“°—∫ 60 π“‚π‡¡µ√ ·≈–
¡’ à«πÀ“ß∑’Ë¬◊¥À¥‰¡à‰¥â¢π“¥ 225 π“‚π‡¡µ√ ¥—ßπ—Èπ®÷ß®—¥®”·π°‡ø®π’ÈÕ¬Ÿà„π·ø¡‘≈’ Siphoviridae ®“°°“√
»÷°…“ one-step growth kinetic æ∫«à“ ‡ø® T 25 ¡’ latent period ‡∑à“°—∫ 20 π“∑’ ‡¡◊ËÕπ”¡“»÷°…“
 ¡∫—µ‘¢Õß‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° ªï™’ åÕ◊Ëπ·≈–®’π— Õ◊Ëπæ∫«à“ ‡ø® T 25 ‰¡à “¡“√∂
∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ¢â“¡‰ª¬—ß·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫‰¥â ´÷Ëß°“√»÷°…“
¥â“π™’«‚¡‡≈°ÿ≈¬—ßæ∫«à“‡ø®¡’¢π“¥¥’‡ÕÁπ‡Õ‚¥¬ª√–¡“≥‡∑à“°—∫ 44 kb πÕ°®“°π’È¬—ßæ∫«à“‰¥«“‡≈π∑å·§∑‰ÕÕÕπ
(CaCl2) ∑’Ë§«“¡‡¢â¡¢âπ 30 ¡‘≈≈‘‚¡≈“√å ¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø® ‡ø® T 25  “¡“√∂∑πµàÕ
Õÿ≥À¿Ÿ¡‘ Ÿß∂÷ß 72 Õß»“‡´≈‡ ’́¬ ‰¥â ·≈–¬—ß “¡“√∂∑πµàÕ pH „π™à«ß 4.0-10.0 ¥—ßπ—Èπ ®“°§ÿ≥ ¡∫—µ‘
∑—ÈßÀ¡¥¢Õß‡ø®∑’Ë‰¥â¡“®“°°“√»÷°…“§√—Èßπ’È®÷ß √ÿª‰¥â«à“ ‡ø® T 25 ‰¡à “¡“√∂∂Ÿ°∑”≈“¬¥â«¬Õÿ≥À¿Ÿ¡‘æ“ ‡®Õ√å‰√´å
·≈–°“√ª√—∫ pH ‰¥â ¥—ßπ—Èπ ®÷ß§«√¡’°“√æ—≤π“«‘∏’Õ◊ËπÊ ‡æ◊ËÕ≈¥°“√ªπ‡ªóôÕπ·≈–§«∫§ÿ¡‡ø®µàÕ‰ª
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ABSTRACT

 Infections by bacteriophages or phages can lead to great economic losses in the dairy
industries. Most of the dairy plants have encountered severe phage contamination, which resulting
in fermentation failure. Some Thai factories have sent the samples of their fermented milk
products to oversea companies for detecting phage contamination. However, the characteristics
of phages found in Thai factories are not well elucidated. Hence, this study aimed to isolate and
characterize the phages of lactic acid bacteria (LAB) from the milk products acquired from fail
fermentation in Thai factories. The results showed that only 1 isolate of LAB was obtained.
This LAB was identified by 16S rDNA sequence analysis and BLAST searching within the
GenBank database which revealing that it possessed 100% similarity to Lactobacillus plantarum.
When using double agar layer techniques for phage isolation, the small and clear plaques were
produced by the phage which was named as T 25. Electron micrographs showed that T 25 phage
was found to have hexagonal head (60 nm in diameter) and long noncontractile tail (225 nm in
length), indicating that it belonged to Siphoviridae family. From the study of one-step growth
kinetics, the results showed that T 25 phage had the latent period of 20 min. The host-range
determination found that this T 25 phage was incapable of cross-infection to other genus or
species of tested LAB. The molecular characterization of T 25 showed that it had molecular
weight of approximately 44 kb. Furthermore, the addition of divalent cations (CaCl2) at 30 mM
was found to affect phage adsorption to their hosts. Also, this phage was shown to be capable of
surviving at temperature as high as 72°C and pH ranging from 4.0 to 10.0. In conclusion, from
the characteristics of T 25 phage, the results suggested that pasteurization temperature and pH
adjustment were incapable of destroying this phage. Therefore, other methods for effective
decontamination and controlling this phage should be further determined.
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∫∑π”
·∫§∑’‡√’¬°√¥·≈§µ‘°‡ªìπ°≈ÿà¡·∫§∑’‡√’¬·°√¡∫«°‰¡à √â“ß ªÕ√å ∑π°√¥ ¡’√Ÿª√à“ß∑àÕπÀ√◊Õ°≈¡

 “¡“√∂ √â“ß°√¥·≈§µ‘°‡ªìπº≈‘µ¿—≥±å ÿ¥∑â“¬„π°“√À¡—°§“√å‚∫‰Œ‡¥√µ ·∫§∑’‡√’¬°√¥·≈§µ‘° “¡“√∂æ∫
‰¥â„π°“√À¡—°Õ“À“√ √«¡∑—Èß∫√‘‡«≥ mucosal surface ¢Õß¡πÿ…¬å·≈– —µ«å ªí®®ÿ∫—π·∫§∑’‡√’¬°√¥·≈§µ‘°
ª√–°Õ∫¥â«¬·∫§∑’‡√’¬ª√–¡“≥ 20 ®’π—  ‡™àπ Aerococcus, Carnobacterium, Enterococcus,
Lactobacillus, Lactococcus, Leuconostoc, Oenococcus, Pediococcus, Streptococcus,
Tetragenococcus, Vagococcus ·≈– Weissella ‡ªìπµâπ ·∫§∑’‡√’¬°√¥·≈§µ‘°∂Ÿ°¬Õ¡√—∫«à“‡ªìπ
·∫§∑’‡√’¬ª≈Õ¥¿—¬ (Generally regarded as safe; GRAS) ·≈–¡—°„™â„π°“√À¡—°Õ“À“√·≈–∂πÕ¡Õ“À“√
´÷ËßÕ“®À¡—°µ“¡∏√√¡™“µ‘‚¥¬„™â·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë¡’Õ¬Ÿà„π«—µ∂ÿ¥‘∫À√◊ÕÕ“®‡µ‘¡·∫§∑’‡√’¬°√¥·≈§µ‘°„π
√ŸªÀ—«‡™◊ÈÕ‡µ‘¡≈ß„πÕ“À“√¿“¬„µâ¿“«–§«∫§ÿ¡ [1]

·∫§∑’‡√’¬°√¥·≈§µ‘°∂Ÿ°π”¡“„™âÕ¬à“ß·æ√àÀ≈“¬„πÕÿµ “À°√√¡Õ“À“√ ‚¥¬‡©æ“–„πº≈‘µ¿—≥±åπ¡
‡π◊ÈÕ º—° ·≈–¢π¡ªíß [2] ‚¥¬°“√„™â·∫§∑’‡√’¬°√¥·≈§µ‘°°àÕ„Àâ‡°‘¥º≈¥’ §◊Õ  “¡“√∂¬◊¥Õ“¬ÿ°“√‡°Á∫Õ“À“√
‚¥¬‡©æ“–Õ“À“√∑’Ë¡’πÈ”µ“≈‡ªìπ à«πº ¡„π«—µ∂ÿ¥‘∫ ÷́Ëß·∫§∑’‡√’¬°√¥·≈§µ‘°®–‡ª≈’Ë¬ππÈ”µ“≈„Àâ°≈“¬
‡ªìπ°√¥·≈§µ‘° ∑”„ÀâÕ“À“√¡’ pH ≈¥≈ß ·≈–‰¡à‡À¡“–°—∫°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å∑’Ë∑”„ÀâÕ“À“√‡πà“‡ ’¬À√◊Õ
®ÿ≈‘π∑√’¬å∑’Ë°àÕ‚√§„πÕ“À“√ [3, 4] πÕ°®“°π’È·∫§∑’‡√’¬°√¥·≈§µ‘°∫“ß “¬æ—π∏ÿå®– √â“ß “√ª√–‡¿∑
‡ªª‰∑¥å∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ·∫§∑’‡√’¬·°√¡∫«°Õ◊Ëπ [5-7] Õ¬à“ß‰√°Áµ“¡ª√– ‘∑∏‘¿“æ„π°“√
À¡—°‚¥¬°“√„™â·∫§∑’‡√’¬°√¥·≈§µ‘°‡ªìπÀ—«‡™◊ÈÕµ“¡∏√√¡™“µ‘π—Èπ¡—°∂Ÿ°¬—∫¬—Èß‚¥¬ “√µà“ßÊ ‡™àπ
 “√ªØ‘™’«π–∑’Ëªπ‡ªóôÕπ¡“°—∫«—µ∂ÿ¥‘∫ À√◊Õ “√¶à“‡™◊ÈÕ∑’Ë„™â„π°“√™”√–≈â“ßÕÿª°√≥å„π°“√º≈‘µ ·µà à«π„À≠à
¡—°‡°‘¥®“°·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë„™â‡ªìπÀ—«‡™◊ÈÕ‡°‘¥°“√µ‘¥‡™◊ÈÕ¥â«¬‡ø® [8, 9] µ—«Õ¬à“ß¢ÕßÀ—«‡™◊ÈÕ
·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë¡’°“√ªπ‡ªóôÕπ¥â«¬‡ø® ‡™àπ °“√æ∫‡ø®∑’Ë¡’§«“¡®”‡æ“–µàÕ Lactococcus lactis
„π°“√À¡—°º≈‘µ¿—≥±åπ¡ ‡ªìπµâπ [10]

‡ø® “¡“√∂·∫àßµ“¡«ß™’«‘µÕÕ°‰¥â‡ªìπ 2 ª√–‡¿∑ §◊Õ virulent phage ·≈– temperate
phage ‚¥¬‡ø®ª√–‡¿∑·√°®–¡’°“√‡æ‘Ë¡®”π«π‚¥¬Õ“»—¬ lytic cycle ´÷Ëß®–∑”„Àâ¡’°“√ √â“ßÕπÿ¿“§‡ø®
ÕÕ°¡“‡ªìπ®”π«π¡“° ·≈–∑”„Àâ‡´≈≈å·∫§∑’‡√’¬‡°‘¥°“√·µ° ≈“¬  à«π‡ø®ª√–‡¿∑∑’Ë 2 ®–¡’°“√·∑√°
¥’‡ÕÁπ‡Õ‡¢â“‰ª„π‚§√‚¡‚´¡¢Õß·∫§∑’‡√’¬ ·≈–®–‡æ‘Ë¡®”π«π‰ªæ√âÕ¡°—∫·∫§∑’‡√’¬ ‚¥¬«ß™’«‘µ·∫∫π’È®–‡√’¬°«à“
lysogenic cycle Õ¬à“ß‰√°Áµ“¡ temperate phage Õ“®‡¢â“ Ÿà lytic cycle ‰¥â‡¡◊ËÕ¡’°“√°√–µÿâπÀ√◊Õ‡Àπ’Ë¬«
π”®“° “√‡§¡’À√◊Õ ¿“æ·«¥≈âÕ¡∫“ßÕ¬à“ß À√◊Õ®“°°“√·µ°À—°¢Õß¥’‡ÕÁπ‡Õ [11]

§«“¡ ”§—≠¢Õß‡ø®∑’Ë∑”„Àâ‡°‘¥°“√·µ° ≈“¬¢ÕßÀ—«‡™◊ÈÕ„πº≈‘µ¿—≥±åπ¡‰¥â»÷°…“§√—Èß·√°‚¥¬
Whitehead ·≈– Cox „πªï §.». 1935 [12] À≈—ß®“°π—Èπ‰¥â¡’§«“¡æ¬“¬“¡„π°“√§«∫§ÿ¡°“√ªπ‡ªóôÕπ¢Õß‡ø®
·≈–°“√æ—≤π“«‘∏’°“√„π°“√°”®—¥‡ø®„π∫√‘‡«≥‚√ßß“π∑’Ëº≈‘µ ‚¥¬°“√µ‘¥‡™◊ÈÕ‡ø®„π·∫§∑’‡√’¬°√¥·≈§µ‘°
∂◊Õ«à“‡ªìπªí≠À“∑’Ë ”§—≠∑’Ë ÿ¥ªí≠À“Àπ÷Ëß„π°“√º≈‘µº≈‘µ¿—≥±åπ¡„π√–¥—∫Õÿµ “À°√√¡ °“√µ‘¥‡™◊ÈÕ¥â«¬
‡ø®¡—°‡°‘¥®“°«— ¥ÿÕÿª°√≥å„π°“√º≈‘µ∑’Ë‰¡à‰¥â¶à“‡™◊ÈÕ √«¡∑—Èß°“√„™âÀ—«‡™◊ÈÕ‡¥‘¡´È”„π°“√À¡—°π¡∑”„Àâ¡’°“√
‡æ‘Ë¡®”π«π¢Õß‡ø®Õ¬à“ßµàÕ‡π◊ËÕß [13, 14] ‚¥¬°“√µ‘¥‡™◊ÈÕ¥â«¬‡ø®®–∑”„Àâ‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°¡’°“√
 √â“ß°√¥·≈§µ‘°‰¥â™â“·≈–πâÕ¬≈ß ≈¥§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å ‡™àπ √ ™“µ‘·≈–‡π◊ÈÕ —¡º—  ·≈–∑”„Àâ
°√–∫«π°“√À¡—°≈â¡‡À≈« ́ ÷Ëß àßº≈µàÕ°“√ Ÿ≠‡ ’¬∑“ß¥â“π‡»√…∞°‘®∑’Ë ”§—≠¢ÕßÕÿµ “À°√√¡π¡À¡—° [15, 16]
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‡ø® “¡“√∂æ∫‰¥â‚¥¬∑—Ë«‰ª„π∫√‘‡«≥‚√ßß“πº≈‘µπ¡À¡—° ‚¥¬‡©æ“–„ππ¡¥‘∫´÷Ëß¬—ß‰¡à‰¥âºà“π
°√–∫«π°“√ª≈Õ¥‡™◊ÈÕ ÷́Ëß‡ø® “¡“√∂‡æ‘Ë¡®”π«π„π·∫§∑’‡√’¬∑’Ëæ∫„ππ¡¥‘∫‰¥â [17] πÕ°®“°π’È¬—ßæ∫‡ø®
ª√–‡¿∑ temperate phage ÷́Ëß‡¡◊ËÕ‡°‘¥°“√°√–µÿâπÀ√◊Õ‡Àπ’Ë¬«π”Õ“®∑”„Àâ temperate phage ‡¢â“ Ÿà
lytic cycle ∑”„Àâ‡°‘¥°“√·µ° ≈“¬„πÀ—«‡™◊ÈÕ‰¥â √«¡∑—ÈßÕ“®æ∫„π∫√‘‡«≥ à«π¢Õß°“√º≈‘µ´÷Ëß®–æ∫„π
ª√‘¡“≥¡“°πâÕ¬µà“ß°—π ‚¥¬®–æ∫„πª√‘¡“≥πâÕ¬∫√‘‡«≥ÀâÕßª≈Õ¥‡™◊ÈÕ ·≈–æ∫„πª√‘¡“≥¡“°„π≈–ÕÕßÕ“°“»
‡«¬å (whey) ·≈–µ‘¥¡“°—∫§πß“π„π‚√ßß“π [18] πÕ°®“°π’È Klaenhammer (1984) [19] ¬—ß √ÿª«à“‡ø®
 “¡“√∂ªπ‡ªóôÕπ‰¥â„π∫√‘‡«≥∑’Ë∑”™’ ∑ÿ°·À≈àß∑—Ë«‚≈° ·¡â®–¡’°“√§«∫§ÿ¡∑“ß ÿ¢Õπ“¡—¬‡ªìπÕ¬à“ß¥’À√◊Õ¡’
°“√‡ª≈’Ë¬πÀ—«‡™◊ÈÕ À√◊Õ·¡â°√–∑—Ëß°“√„™â‡™◊ÈÕ∑’Ëµâ“π∑“π°“√µ‘¥‡™◊ÈÕ¥â«¬‡ø®°Áµ“¡ Õ¬à“ß‰√°Áµ“¡ À“°‡°‘¥‡ø®„π
∫√‘‡«≥„¥∫√‘‡«≥Àπ÷Ëß®–∑”„Àâ‡°‘¥°“√·æ√à°√–®“¬‰ª∑—Ë«‚√ßß“π‰¥â ·≈–æ∫«à“°“√°”®—¥‡ø®π—Èπ¬“°¡“° ‡π◊ËÕß®“°
‡ø®¡’°“√‡æ‘Ë¡®”π«π‰¥â‡√Á« „π«ß™’«‘µ·µà≈–§√—Èß®–∑”„Àâ‡°‘¥‡ø®ÕÕ°¡“‡ªìπ®”π«π¡“° ·≈–‡ø®®–∑πµàÕ°“√
æ“ ‡®Õ√å‰√´å [20, 21] ‚¥¬‡ø®∑’Ë¡’°“√»÷°…“°—π¡“° ‰¥â·°à ‡ø®¢Õß‡™◊ÈÕ·∫§∑’‡√’¬„π°≈ÿà¡ Lactobacillus,
Lactococcus ·≈– Streptococcus [22]

°“√»÷°…“‡ø®∑’Ë∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ„πÀ—«‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°¢Õßº≈‘µ¿—≥±åπ¡À¡—°„π
ª√–‡∑»‰∑¬¬—ß‰¡à‡§¬¡’°“√»÷°…“¡“°àÕπ πÕ°®“°π’È®“°°“√ —¡¿“…≥åºŸâª√–°Õ∫°“√‚√ßß“πº≈‘µπ¡‡ª√’È¬«
æ∫«à“‚√ßß“π à«π„À≠à‰¥âæ∫°“√ªπ‡ªóôÕπ¢Õß‡ø®·≈– àßº≈„Àâ°“√º≈‘µπ¡‡ª√’È¬«≈â¡‡À≈« ∫“ß‚√ßß“π‰¥â¡’
°“√ àßµ—«Õ¬à“ßπ¡‡ª√’È¬«„Àâµà“ßª√–‡∑»∑”°“√·¬°‡ø®„πº≈‘µ¿—≥±å·≈–„π∫√‘‡«≥‚√ßß“π ‚¥¬æ∫«à“ “¡“√∂
·¬°‡ø®‰¥â‡ªìπ®”π«π¡“° ·µà¬—ß‰¡à∑√“∫∂÷ß¢âÕ¡Ÿ≈‡°’Ë¬«°—∫‡ø®¥â“πÕ◊ËπÊ ®“°§«“¡ ”§—≠¥—ß°≈à“«„πß“π«‘®—¬
π’È®÷ß‡πâπ∂÷ß°“√·¬°·≈–»÷°…“≈—°…≥–¢Õß‡ø®∑’Ë·¬°®“°π¡‡ª√’È¬«∑’Ë¡’°“√À¡—°≈â¡‡À≈«®“°‚√ßß“πº≈‘µ
π¡‡ª√’È¬«¢Õßª√–‡∑» ‚¥¬∑”°“√§—¥·¬°·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë„™â‡ªìπÀ—«‡™◊ÈÕ ·≈–∑”°“√·¬°‡ø®®“°
µ—«Õ¬à“ßπ¡™π‘¥‡¥’¬«°—π √«¡∂÷ß»÷°…“≈—°…≥–¢Õß‡ø® µ≈Õ¥®π»÷°…“ªí®®—¬∑“ß¥â“π pH ·≈–Õÿ≥À¿Ÿ¡‘
∑’Ë¡’º≈µàÕ‡ø®·≈–º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø® ‚¥¬§“¥«à“¢âÕ¡Ÿ≈
∑’Ë‰¥â®–∑”„Àâ∑√“∫∂÷ß°“√ªπ‡ªóôÕπ¢Õß‡ø®„ππ¡‡ª√’È¬« ·≈– “¡“√∂µàÕ¬Õ¥„π°“√æ—≤π“«‘∏’°“√„π°“√√—°…“
À—«‡™◊ÈÕ √«¡∑—Èß°“√§«∫§ÿ¡°“√º≈‘µ„Àâª√“»®“°°“√ªπ‡ªóôÕπ®“°‡ø®„πº≈‘µ¿—≥±åµàÕ‰ª

«‘∏’°“√∑¥≈Õß
°“√§—¥·¬°‡™◊ÈÕ·≈–°“√®—¥®”·π°·∫§∑’‡√’¬°√¥·≈§µ‘°

·¬°À—«‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°®“°µ—«Õ¬à“ßπ¡‡ª√’È¬«∑’Ë≈â¡‡À≈«®“°°“√À¡—° ‚¥¬π”¡“
streak ≈ß∫πÕ“À“√ MRS agar ·≈â«π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  „π anaerobic jar ‡ªìπ‡«≈“
24 ™—Ë«‚¡ß ®“°π—Èπ§—¥‡≈◊Õ°‚§‚≈π’π”‰ª¬âÕ¡ ’·°√¡‡æ◊ËÕ¥Ÿ≈—°…≥–√Ÿª√à“ß ∑¥ Õ∫§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’
‚¥¬„™â™ÿ¥ API 50 CHL ·≈–À“≈”¥—∫‡∫ „π à«π 16S rDNA ÷́Ëß∑”‰¥â‚¥¬ °—¥¥’‡ÕÁπ‡Õ®“°‡™◊ÈÕ·∫§∑’‡√’¬
°√¥·≈§µ‘° ·≈â«‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ„π∫√‘‡«≥¥—ß°≈à“«‚¥¬„™â«‘∏’ Polymerase Chain Reaction (PCR)
¥â«¬ universal primer 27F (AGAGTTTGATCMTGGCTCAG) ·≈– 1492R (GGTTACCTTGTT
ACGACTT) ®“°π—ÈπÀ“≈”¥—∫π‘«§≈’‚Õ‰∑¥å ·≈–‡∑’¬∫‡§’¬ß¢âÕ¡Ÿ≈æ—π∏ÿ°√√¡∑’Ë‰¥â°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π
∞“π¢âÕ¡Ÿ≈ GenBank ‡æ◊ËÕ°“√√–∫ÿ ªï™’ å
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°“√·¬°‡ø®‚¥¬„™âÀ—«‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë·¬°‰¥â‡ªìπ‚Œ µå
‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°„πÕ“À“√ MRS broth ‡ªìπ‡«≈“ª√–¡“≥ 6-7 ™—Ë«‚¡ß ®“°π—Èπ

„ àµ—«Õ¬à“ßπ¡‡ª√’È¬«∑’Ë≈â¡‡À≈«®“°°“√À¡—°ª√‘¡“≥ 25 ¡‘≈≈‘≈‘µ√≈ß‰ª ∫à¡µàÕ‰ªÕ’°‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
®“°π—Èππ”µ—«Õ¬à“ß‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 7000xg ‡ªìπ‡«≈“ 10 π“∑’ ‡°Á∫πÈ”„ π”¡“°√Õßºà“π
·ºàπ°√Õß¢π“¥ 0.45 ‰¡‚§√‡¡µ√ ·≈–π”¡“«‘‡§√“–Àå¢—ÈπµàÕ‰ª«à“¡’‡ø®Õ¬ŸàÀ√◊Õ‰¡à ‚¥¬„™â‡∑§π‘§°“√∑”
Õ“À“√«ÿâπ Õß™—Èπ‚¥¬„™âÕ“À“√ MRS agar [24, 25]

°“√»÷°…“≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢Õß‡ø®¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π
π”µ—«Õ¬à“ß‡ø®∑’Ë·¬°‰¥â¢â“ßµâπ¡“‡µ‘¡ PEG 8000 10 ‡ªÕ√å‡´Áπµå (πÈ”Àπ—°µàÕª√‘¡“µ√) ®“°

π—Èππ”‰ªµ°µ–°Õπ¥â«¬‡§√◊ËÕßªíòπ‡À«’Ë¬ß§«“¡‡√Á«√Õ∫ 15000xg ‡ªìπ‡«≈“ 30 π“∑’ π”µ–°Õπ‡ø®¡“¬âÕ¡
¥â«¬ uranyl acetate 1 ‡ªÕ√å‡´Áπµå ·≈â«π”‰ª àÕß¥Ÿ≈—°…≥–∑“ß —≥∞“π«‘∑¬“¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π [26, 27]

°“√»÷°…“ ¡∫—µ‘¢Õß‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿå·≈–®’π— Õ◊Ëπ
π”‡´≈≈å·¢«π≈Õ¬¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿå∑¥ Õ∫ ‰¥â·°à Weissella cibaria N22,

Lactobacillus (Lb.) plantarum ATCC 8014, Lb. sakei JCM 1157, Lactococcus (Lc.) lactis
JCM 7638, Lc. lactis subsp. cremoris TUA 1344L, Leconostoc (Leu.) mesenteroides JCM
6124, Pediococcus (P.) pentosaceus JCM 5885, P. pentosaceus JCM 5890, Streptococcus
salivarius JCM 57007 §«“¡‡¢â¡¢âπ 108 CFU/ml ª√‘¡“µ√ 20 ‰¡‚§√≈‘µ√ ¡“‡µ‘¡≈ß„πÕ“À“√
MRS broth ∑’Ë¡’«ÿâπ√âÕ¬≈– 0.5 ∑’ËÀ≈Õ¡‡À≈«·≈â«º ¡„Àâ‡¢â“°—π·≈â«‡∑∑—∫≈ß∫πÕ“À“√ MRS agar ∑’Ë·¢Áßµ—«
®“°π—ÈπÀ¬¥‡ø®∑’Ë·¬°‰¥âª√‘¡“µ√ 10 ‰¡‚§√≈‘µ√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
µ√«®º≈§«“¡ “¡“√∂¢Õß‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° ªï™’ åÕ◊ËπÀ√◊Õ®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫
¥â«¬°“√‡°‘¥æ≈“§∫√‘‡«≥∑’ËÀ¬¥‡ø®≈ß‰ª [24, 25]

°“√ °—¥·≈–°“√µ—¥¥’‡ÕÁπ‡Õ¢Õß‡ø®¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–
π” à«π„ ´÷Ëß¡’‡ø®®“°°“√∑¥≈Õß¢â“ßµâπ¡“ °—¥¥’‡ÕÁπ‡Õµ“¡«‘∏’°“√¢Õß Sambrook ·≈–§≥–

(1989) [28] ·≈â«π”¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–™π‘¥µà“ßÊ ‚¥¬‡µ‘¡∫—æ‡øÕ√å∑’Ë‡À¡“– ¡
°—∫‡Õπ‰´¡å·µà≈–™π‘¥µ“¡∑’Ë∫√‘…—∑ºŸâº≈‘µ°”Àπ¥ µ√«® Õ∫·∂∫¢Õß¥’‡ÕÁπ‡Õ‚¥¬«‘∏’Õ‘‡≈Á°‚∑√‚ø‡√ ‘́ 
‚¥¬°“√µ√«® Õ∫¥â«¬«‘∏’π’ÈµâÕß‡ª√’¬∫‡∑’¬∫°—∫¥’‡ÕÁπ‡Õ¡“µ√∞“π¢Õß·≈¡¥“‡ø®∑’Ëµ—¥¥â«¬‡Õπ‰´¡å HindIII
∑ÿ°§√—Èß

°“√»÷°…“°√“ø°“√‡®√‘≠¢Õß‡ø® (One-step growth experiment)
π”‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë∂Ÿ°µ‘¥‡™◊ÈÕ¥â«¬‡ø®‡ªìπ‡«≈“ 10 π“∑’ ¡“∑”°“√ªíòπ‡À«’Ë¬ß∑’Ë

§«“¡‡√Á«√Õ∫ 21,952xg ‡ªìπ‡«≈“ 30 «‘π“∑’ π” à«πµ–°Õπ¡“∑”°“√·¢«π≈Õ¬„πÕ“À“√ MRS broth ‡°Á∫
µ—«Õ¬à“ß‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß π”µ—«Õ¬à“ß¡“∑”°“√ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 4,025xg ‡ªìπ‡«≈“ 10 π“∑’ ®“°
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π—Èππ” à«π„ ‰ª°√Õßºà“π·ºàπ°√Õß¢π“¥ 0.45 ‰¡‚§√‡¡µ√ ·≈–π”‰ªÀ“ª√‘¡“≥‡ø®‚¥¬„™â‡∑§π‘§°“√∑”
Õ“À“√«ÿâπ Õß™—Èπ π”ª√‘¡“≥‡ø®∑’Ë§”π«≥‰¥â‰ª √â“ß°√“ø°“√‡®√‘≠¢Õß‡ø® ‚¥¬°”Àπ¥„Àâ√–¬–‡«≈“µ—Èß·µà
‡ø®‡√‘Ë¡‡°“–µ‘¥®π∂÷ß‡«≈“°àÕπ∑’Ë‡ø®∑”„Àâ‡´≈≈å·∫§∑’‡√’¬·µ°§√—Èß·√°‡ªìπ latent period ·≈–‡«≈“∑’Ë‡ø®
∑”„Àâ‡´≈≈å·∫§∑’‡√’¬·µ°§√—Èß·√°‡ªìπµâπ‰ª‡ªìπ°“√‡√‘Ë¡ rise period [22]

°“√»÷°…“º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø®
∑”‰¥â‚¥¬π”‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë‡®√‘≠„π MRS broth (∑’Ë¡’ CaCl2

 0, 10 ·≈– 30 ¡‘≈≈‘-
‚¡≈“√å) ∑’Ë¡’ª√‘¡“≥‡´≈≈å‡∑à“°—∫ 1 Ó 108 CFU/ml ¡“∑”°“√µ‘¥‡™◊ÈÕ¥â«¬‡ø®ª√‘¡“≥ 106 PFU/ml ∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 10, 15, 20 ·≈– 25 π“∑’ ‡°Á∫µ—«Õ¬à“ß¡“ 1 ¡‘≈≈‘≈‘µ√ π”‰ª°√Õß
ºà“π·ºàπ°√Õß¢π“¥ 0.45 ‰¡‚§√‡¡µ√ ·≈–π”‰ªÀ“ª√‘¡“≥‡ø®∑’Ë‡À≈◊Õ‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ
·≈–„™âª√‘¡“≥‡ø®‡√‘Ë¡µâπ„πÕ“À“√ MRS broth ∑’Ë‰¡à¡’‡´≈≈å·∫§∑’‡√’¬°√¥·≈§µ‘°‡ªìπµ—«§«∫§ÿ¡ ‚¥¬
‡ªÕ√å‡´Áπµå°“√‡¢â“‡°“–µ‘¥¢Õß‡ø® (% adsorption) §”π«≥‰¥â®“° [(ª√‘¡“≥‡ø®‡√‘Ë¡µâπ„πÕ“À“√∑’Ë‡ªìπµ—«
§«∫§ÿ¡-ª√‘¡“≥‡ø®∑’Ë‡À≈◊Õ)/ª√‘¡“≥‡ø®‡√‘Ë¡µâπ„πÕ“À“√∑’Ë‡ªìπµ—«§«∫§ÿ¡] Ó 100% [22]

°“√»÷°…“º≈¢Õß pH µàÕ°“√Õ¬Ÿà√Õ¥¢Õß‡ø®
π”‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë¡’ª√‘¡“≥‡´≈≈å‡∑à“°—∫ 1 Ó 108 CFU/ml ¡“∫à¡„πÕ“À“√ MRS

broth ∑’Ë pH µà“ßÊ µ—Èß·µà 2.0-10.0 √«¡∑—Èßπ”¡“∑”°“√µ‘¥‡™◊ÈÕ¥â«¬‡ø®„πÕ“À“√ MRS broth ∑’Ë pH µ—Èß·µà
2.0-10.0 ‡™àπ‡¥’¬«°—π [29] ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 30 π“∑’ ®“°π—Èπ‡°Á∫µ—«Õ¬à“ß
¢Õß‚Œ µå·≈–‡ø®¡“ 1 ¡‘≈≈‘≈‘µ√ π”‰ªÀ“ª√‘¡“≥‚Œ µå‚¥¬π—∫®”π«π‚§‚≈π’∑’Ë‡°‘¥¢÷Èπ∫πÕ“À“√ MRS agar
·≈–π—∫®”π«π‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ

°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√Õ¬Ÿà√Õ¥¢Õß‡ø®
π”‡ø®¡“∑”°“√‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπ ‚¥¬„Àâ¡’ª√‘¡“≥‡ø® ÿ¥∑â“¬‡ªìπ 106 PFU/ml ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘

4, 30, 37, 45, 55, 63 ·≈– 72 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30 π“∑’ ®“°π—Èπ‡°Á∫µ—«Õ¬à“ß¢Õß‡ø®∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ
π”‰ªÀ“ª√‘¡“≥‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ [22]

º≈°“√∑¥≈Õß
°“√§—¥·¬°‡™◊ÈÕ·≈–°“√®—¥®”·π°·∫§∑’‡√’¬°√¥·≈§µ‘°

®“°°“√§—¥·¬°‡™◊ÈÕ·≈–®—¥®”·π°‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë‰¥â®“°‚√ßß“πº≈‘µπ¡‡ª√’È¬«æ∫«à“
‡ªìπ√Ÿª√à“ß∑àÕπ µ‘¥ ’·°√¡∫«° ·≈–‡¡◊ËÕ®—¥®”·π°‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’‚¥¬„™â™ÿ¥ API 50 CHL
·≈–°“√À“≈”¥—∫‡∫ „π à«π 16S rDNA æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ Lactobacillus plantarum 100%
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°“√»÷°…“√Ÿª√à“ß¢Õß‡ø®¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π
®“°°“√·¬°‡ø®‚¥¬„™âÀ—«‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë·¬°‰¥â‡ªìπ‚Œ µåæ∫«à“  “¡“√∂·¬°‡ø®

‰¥â‚¥¬¡’¢π“¥¢Õßæ≈“§ª√–¡“≥ 2 ¡‘≈≈‘‡¡µ√ ·≈–„Àâ™◊ËÕ«à“ ‡ø® T 25 (√Ÿª∑’Ë 1°) ‡¡◊ËÕ∑”æ≈“§„Àâ∫√‘ ÿ∑∏‘Ï
·≈–π”‡ø®¡“ àÕß¥Ÿ√Ÿª√à“ß ‚¥¬¬âÕ¡¥â«¬ uranyl acetate 1 ‡ªÕ√å‡´Áπµå ¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
·∫∫ àÕßºà“πæ∫«à“¢π“¥¢Õß‡ø® T 25 ¡’¢π“¥ à«πÀ—« 60 π“‚π‡¡µ√ ¢π“¥ à«πÀ“ß¡’§«“¡¬“« 225
π“‚π‡¡µ√ (√Ÿª∑’Ë 1¢) ®“°≈—°…≥–¥—ß°≈à“« “¡“√∂®—¥®”·π°‡ø®π’ÈÕ¬Ÿà„π·ø¡‘≈’ Siphoviridae

¢.
√Ÿª∑’Ë 1 √Ÿª√à“ß¢Õßæ≈“§·≈–‡ø® T 25

°. √Ÿª√à“ßæ≈“§¢Õß‡ø® T 25
¢. √Ÿª√à“ß¢Õß‡ø® T 25 ¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕßºà“π

°“√»÷°…“ ¡∫—µ‘¢Õß‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿå·≈–®’π— Õ◊Ëπ
°“√»÷°…“ ¡∫—µ‘¢Õß‡ø® T25 „π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿå·≈–®’π— Õ◊Ëπ ‰¥â·°à

W. cibaria N22, Lb. plantarum ATCC 8014, Lb. sakei JCM 1157, Lc. lactis JCM 7638, Lc.
lactis subsp. cremoris TUA 1344L, Leu. mesenteroides JCM 6124, P. pentosaceus JCM 5885,
P. pentosaceus JCM 5890, Streptococcus salivarius JCM 57007 æ∫«à“‡ø® T 25 ‰¡à “¡“√∂
∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿå·≈–®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫‰¥â

°.
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°“√µ—¥¥’‡ÕÁπ‡Õ¢Õß‡ø®¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–
‡¡◊ËÕπ”‡ø® T 25 ¡“∑”°“√ °—¥¥’‡ÕÁπ‡Õ·≈â«π”¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– 6 ™π‘¥

§◊Õ EcoRI, HindIII, PvuI, SalI, SacI ·≈– BamHI æ∫«à“¥’‡ÕÁπ‡Õ¢Õß‡ø® T 25 ∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å
EcoRI, HindIII ·≈– PvuI ·µà‰¡à∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å SalI, SacI ·≈– BamHI (µ—«Õ¬à“ß°“√µ—¥· ¥ß
¥—ß√Ÿª∑’Ë 2) ´÷Ëß®“°°“√µ—¥¥—ß°≈à“« “¡“√∂ª√–¡“≥¢π“¥¢Õß¥’‡ÕÁπ‡Õ¢Õß‡ø® T 25 ‰¥âª√–¡“≥ 44 kb

√Ÿª∑’Ë 2 ¥’‡ÕÁπ‡Õ¢Õß‡ø® T 25 À≈—ß°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–, DNA ladder (·∂« 1); lambda DNA/
HindIII marker (·∂« 2); EcoRI (·∂« 3); HindIII (·∂« 4); PvuI (·∂« 5); SacI (·∂« 5);
lambda DNA / HindIII marker (·∂« 6)

°“√»÷°…“°√“ø°“√‡®√‘≠¢Õß‡ø® (One-step growth experiment)
®“°°“√»÷°…“°√“ø°“√‡®√‘≠¢Õß‡ø® (√Ÿª∑’Ë 3) æ∫«à“‡ø® T 25 ¡’√–¬– latent period 60 π“∑’

·≈– rise period ‡∑à“°—∫ 130 π“∑’ ·≈– burst size ‡∑à“°—∫ 80 phages per cell
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√Ÿª∑’Ë 3 °√“ø°“√‡®√‘≠¢Õß‡ø® T 25

°“√»÷°…“º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø®
‡¡◊ËÕ·ª√º—πª√‘¡“≥¢Õß·§≈‡´’¬¡‰ÕÕÕπ (CaCl2 0, 10 ·≈– 30 ¡‘≈≈‘‚¡≈“√å) ∑’Ë¡’º≈µàÕ°“√

‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø®‡ªìπ‡«≈“ 10, 15, 20 ·≈– 25 π“∑’ æ∫«à“ ∑’Ë§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ
30 ¡‘≈≈‘‚¡≈“√å ®–¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø®¡“°∑’Ë ÿ¥ ‚¥¬‡ø® T 25 ®–¡’°“√‡°“–µ‘¥‡°◊Õ∫
100% ∑’Ë‡«≈“ 25 π“∑’ ·≈–∑’Ë§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡‰ÕÕÕπ 0 ¡‘≈≈‘‚¡≈“√å ®–∑”„Àâ‡°‘¥°“√‡°“–µ‘¥
¢Õß‡ø®πâÕ¬∑’Ë ÿ¥ (√Ÿª∑’Ë 4)

√Ÿª∑’Ë 4 º≈¢Õßª√‘¡“≥·§≈‡´’¬¡‰ÕÕÕπµàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø® (▲ CaCl2 0 ¡‘≈≈‘‚¡≈“√å; ■ CaCl2
10 ¡‘≈≈‘‚¡≈“√å; ♦ CaCl2 30 ¡‘≈≈‘‚¡≈“√å)
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°“√»÷°…“º≈¢Õß pH µàÕ°“√Õ¬Ÿà√Õ¥¢Õß‡ø®
‡¡◊ËÕπ—∫ª√‘¡“≥¢Õß‚Œ µå·≈–‡ø®∑’Ë√Õ¥™’«‘µÀ≈—ß®“°∫à¡∑’Ë pH µà“ßÊ µ—Èß·µà 2.0-10.0 æ∫«à“

∑—Èß‚Œ µå·≈–‡ø®®–‰¡à “¡“√∂Õ¬Ÿà√Õ¥‰¥â∑’Ë pH 2.0-4.0 „π¢≥–‡¥’¬«°—π∑—Èß‚Œ µå·≈–‡ø® “¡“√∂Õ¬Ÿà√Õ¥
‰¥â∑’Ë pH „π™à«ß 5.0-11.0

°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√Õ¬Ÿà√Õ¥¢Õß‡ø®
‡¡◊ËÕπ”‚Œ µå·≈–‡ø®¡“»÷°…“°“√√Õ¥™’«‘µ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ (4, 30, 37, 45, 55, 63 ·≈– 72

Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30 π“∑’ æ∫«à“∑—Èß‡ø®·≈–‚Œ µå “¡“√∂√Õ¥™’«‘µ‰¥â∑ÿ°Õÿ≥À¿Ÿ¡‘∑’Ë∑”°“√»÷°…“
·¡â°√–∑—ËßÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√æ“ ‡®Õ√å‰√´å (63 ·≈– 72 Õß»“‡´≈‡ ’́¬ ) ¥—ßπ—Èπ®÷ß‰¡à “¡“√∂∑”≈“¬‡ø®„π
π¡¥â«¬«‘∏’°“√æ“ ‡®Õ√å‰√ ǻ‰¥â
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
„π°“√º≈‘µº≈‘µ¿—≥±åπ¡À¡—°„π√–¥—∫Õÿµ “À°√√¡¡—°„™â∂—ßÀ¡—°¢π“¥„À≠à·≈–„™â·∫§∑’‡√’¬„π

°≈ÿà¡·∫§∑’‡√’¬°√¥·≈§µ‘°„π°“√À¡—° ªí≠À“∑’Ë¡—°æ∫ §◊Õ °“√ªπ‡ªóôÕπ®“°‡ø® ÷́Ëß®– àßº≈„Àâ°“√À¡—°
≈â¡‡À≈«À√◊Õ‡°‘¥‰¥â™â“ [9, 10, 30] ‚¥¬‡ø®ª√–‡¿∑ virulent ∂◊Õ«à“‡ªìπµ—«°“√À≈—°∂÷ß√âÕ¬≈– 10 ∑’Ë∑”„Àâ‡°‘¥
°“√ Ÿ≠‡ ’¬¡Ÿ≈§à“∑“ß‡»√…∞°‘®„πÕÿµ “À°√√¡π¡ [31] °“√„™âÀ—«‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°„π°“√‡µ‘¡≈ß„π
π¡®– àßº≈„Àâ‡°‘¥√ ™“µ‘·≈–°≈‘Ëπ‡©æ“–µ—«„π°“√º≈‘µº≈‘µ¿—≥±åπ¡ ´÷ËßÀ—«‡™◊ÈÕ‡À≈à“π’È®–‡®√‘≠·≈–‡æ‘Ë¡
®”π«π„π√–À«à“ß°√–∫«π°“√À¡—° ÷́Ëß ¿“«–¥—ß°≈à“«π’Ë‡Õß®–‡ªìπ·À≈àß∑’Ë∑”„Àâ‡ø®‡°‘¥°“√µ‘¥‡™◊ÈÕ„π
·∫§∑’‡√’¬∑’Ë‰«µàÕ‡ø®™π‘¥π—ÈπÊ °“√·µ°¢Õß‡´≈≈å·∫§∑’‡√’¬‚¥¬‡ø®®–∑”„Àâ≈¥®”π«πÀ—«‡™◊ÈÕ·∫§∑’‡√’¬
°√¥·≈§µ‘°≈ß  àßº≈„Àâ°“√À¡—°‡°‘¥™â“·≈–¡’º≈µàÕ§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å ÿ¥∑â“¬ À√◊ÕÕ“®∑”„Àâ°“√À¡—°
≈â¡‡À≈«Õ¬à“ß ‘Èπ‡™‘ß [15, 16]

®“°°“√·¬°‚Œ µå·≈–‡ø®®“°º≈‘µ¿—≥±åπ¡À¡—°µ—«Õ¬à“ß∑’Ëæ∫≈—°…≥–º‘¥ª°µ‘‡¡◊ËÕπ”¡“®—¥
®”·π°‚Œ µå·≈â«æ∫«à“‡ªìπ Lactobacillus plantarum ·≈–‡¡◊ËÕ·¬°‡ø®®“°‡∑§π‘§°“√∑”Õ“À“√«ÿâπ 2 ™—Èπ
æ∫≈—°…≥–¢Õßæ≈“§¢π“¥‡≈Á°·≈–¡’≈—°…≥–„  ´÷Ëß· ¥ß«à“‡ø®∑’Ë‰¥â‡ªìπ lytic À√◊Õ virulent phage
‚¥¬‡¡◊ËÕ·∫§∑’‡√’¬‡°‘¥°“√µ‘¥‡™◊ÈÕ·≈â«®–‡°‘¥°“√·µ° ≈“¬ ∑”„Àâ àßº≈µàÕ°“√À¡—°π¡ ‚¥¬æ∫«à“§à“ pH ¢Õß
π¡∑’Ë·¬°‡ø®‰¥â¡’§à“‡∑à“°—∫ 6.0 (‰¡à‰¥â· ¥ß¢âÕ¡Ÿ≈) ÷́Ëß· ¥ß∂÷ß°“√À¡—°∑’Ë≈â¡‡À≈« ‡æ√“–π¡‡ª√’È¬«‚¥¬
∑—Ë«‰ª®–¡’§à“ pH Õ¬Ÿà„π™à«ß 5.0 À√◊ÕµË”°«à“ ‡ø® T 25 ¡’ latent period ‡∑à“°—∫ 20 π“∑’ ´÷Ëß —Èπ°«à“‡ø®
B2 ´÷Ëß¡’√–¬– latent period ‡∑à“°—∫ 75 π“∑’ ·≈– —Èπ°«à“‡ø® ΦJL-1 ´÷Ëß¡’√–¬– latent period ‡∑à“°—∫
35 π“∑’ πÕ°®“°π’È‡ø® T 25 ®–‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ„π·∫§∑’‡√’¬„π®’π— Õ◊Ëπ ´÷Ëß§≈â“¬§≈÷ß°—∫
º≈°“√«‘®—¬¢Õß Lu ·≈–§≥– (2003) ´÷Ëßæ∫«à“‡ø® ΦJL-1 ®–∑”„Àâ‡°‘¥°“√·µ°‡©æ“–„π Lb. plantarum
BI7 ·≈– “¬æ—π∏ÿå°≈“¬ MU45 ¢Õß‡™◊ÈÕ‡∑à“π—Èπ [22] ́ ÷Ëß§«“¡®”‡æ“–„π°“√µ‘¥‡™◊ÈÕπ’Èæ∫‰¥â∑—Ë«‰ª„π‡ø®¢Õß
Lb. plantarum ‡™àπ „π‡ø® B2 ·≈– fri [33, 34]

®“°°“√»÷°…“≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢Õß‡ø® T 25 æ∫«à“¢π“¥¢Õß‡ø® T 25 ¡’¢π“¥ à«π
À—« 60 π“‚π‡¡µ√ ¢π“¥ à«πÀ“ß¡’§«“¡¬“« 225 π“‚π‡¡µ√ ´÷Ëß¡’¢π“¥„À≠à°«à“°—∫‡ø® à«π„À≠à¢Õß
Lactobacillus (‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß à«πÀ—«ª√–¡“≥ 50 π“‚π‡¡µ√ ·≈– à«πÀ“ß¬“«ª√–¡“≥
170-180 π“‚π‡¡µ√) [35]

„π°√–∫«π°“√‡¢â“‡°“–µ‘¥¢Õß‡ø® (adsorption) πÕ°®“°®–µâÕßÕ“»—¬§«“¡®”‡æ“–¢Õß
√’‡´æ‡µÕ√å∑’Ëº‘«‡´≈≈å·∫§∑’‡√’¬·≈â«¬—ß¢÷Èπ°—∫·§∑‰ÕÕÕπ∑’Ë¡’„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ¥â«¬ ‚¥¬∑—Ë«‰ª‡ø®®–µâÕß°“√
‰¥«“‡≈π∑å·§∑‰ÕÕÕπ ‡™àπ ·§≈‡´’¬¡‰ÕÕÕπ À√◊Õ·¡°π’‡´’¬¡‰ÕÕÕπ ∑’Ë§«“¡‡¢â¡¢âπ Ÿß°«à“∑’Ë‡´≈≈å‚Œ µå
µâÕß°“√„π∫“ß√–¬–¢Õß°“√µ‘¥‡™◊ÈÕ ´÷Ëß§«“¡‡¢â¡¢âπ∑’Ë‚Œ µåµâÕß°“√®–¡’Õ¬Ÿà·≈â«„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ [36]
®“°°“√»÷°…“º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ µå¢Õß‡ø®æ∫«à“ ª√‘¡“≥¢Õß·§≈‡ ’́¬¡
‰ÕÕÕπ„πÕ“À“√ MRS ∑’Ë 30 ¡‘≈≈‘‚¡≈“√å ∑”„Àâ°“√‡¢â“‡°“–µ‘¥¢Õß‡ø®¡“°°«à“∑’Ë 0 ·≈–∑’Ë 10 ¡‘≈≈‘‚¡≈“√å
´÷Ëßº≈¥—ß°≈à“«®–·µ°µà“ß®“°ß“π«‘®—¬¢Õß Lu ·≈–§≥– (2003) [22] ·≈– Jantang ·≈–§≥– [37]
´÷Ëßæ∫«à“ ·§≈‡´’¬¡‰ÕÕÕπ‰¡à¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥¢Õß‡ø®

‡ø® T 25 ¡’®’‚π¡‡ªìπ¥’‡ÕÁπ‡Õ “¬§Ÿà‡™àπ‡¥’¬«°—∫‡ø®∑’Ë¡’À“ß (tailed phage) µ—«Õ◊Ëπ ¡’¢π“¥
¥’‡ÕÁπ‡Õ‚¥¬ª√–¡“≥‡∑à“°—∫ 44 kb ´÷Ëß¡’¢π“¥„°≈â‡§’¬ß°—∫‡ø® Lb. plantarum §◊Õ ΦLP2 (47 kb) [39]
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·µà¡“°°«à“‡ø® ΦJL-1 (36.7 kb) [22] ·≈–‡≈Á°°«à“®’‚π¡¢Õß‡ø® SC921 (66.5 kb) [40], B2 (73 kb)
[32], ΦLP1 (80 kbp) ·≈– fri (133 kbp) [39] ·≈–‡¡◊ËÕ‡∑’¬∫°—∫‡ø®¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘° “¬
æ—π∏ÿåÕ◊Ëπæ∫«à“‡ø® T 25 ¡’¢π“¥¥’‡ÕÁπ‡Õ∑’Ë¡“°°«à“‡ø® PWH2 ¢Õß Lb. bulgaricus (35 kb) [41]
‡ø® ch2 (35 kb) [42] ·≈–‡ø® J-1 ¢Õß Lb. casei (37 kb) [43] ´÷Ëß‡¡◊ËÕ¥Ÿ®“°√Ÿª·∫∫°“√µ—¥¥â«¬
‡Õπ‰´¡åµ—¥®”‡æ“–æ∫«à“ ‰¡à‡À¡◊Õπ°—∫‡ø®™π‘¥Õ◊Ëπ∑’Ë‡§¬¡’√“¬ß“π¡“°àÕπÀπâ“π’È

‡ø® T 25  “¡“√∂∑πµàÕÕÿ≥À¿Ÿ¡‘ Ÿß∂÷ß 72 Õß»“‡´≈‡´’¬ ‰¥â ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“‡ø® “¡“√∂
∑πµàÕÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√æ“ ‡®Õ√å‰√´å ¥—ßπ—Èπ°“√§«∫§ÿ¡‡ø®™π‘¥π’È‚¥¬°√–∫«π°“√¥—ß°≈à“«®÷ß‰¡à “¡“√∂
∑”‰¥â √«¡∑—Èß‡ø® “¡“√∂∑πµàÕ pH ‰¥â„°≈â‡§’¬ß°—∫‚Œ µå ¥—ßπ—Èπ °“√ √â“ß°√¥·≈§µ‘°®“°·∫§∑’‡√’¬™π‘¥π’È
®÷ß‰¡à àßº≈„π°“√≈¥®”π«π¢Õß‡ø®„πº≈‘µ¿—≥±å ´÷Ëß®“°¢âÕ¡Ÿ≈¥—ß°≈à“«ºŸâ«‘®—¬®÷ß®–∑”°“√»÷°…“µàÕ∂÷ß°“√
§«∫§ÿ¡‡ø®¥â«¬«‘∏’Õ◊Ëπ À√◊Õ°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå°≈“¬¢Õß‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë∑πµàÕ‡ø® (phage
resistant mutant) µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°‡ß‘πß∫ª√–¡“≥·ºàπ¥‘π¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ª√–®”ªï

2556 ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥Õ¬à“ß Ÿß¡“ ≥ ∑’Ëπ’È ·≈–§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ Õ“®“√¬å ¥√.ª«’≥“ √—µπ‡ π“ ∑’Ë
™à«¬µ√«®∑“πß“π«‘®—¬π’È„Àâ ¡∫Ÿ√≥å¬‘Ëß¢÷Èπ
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