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°“√·¬°·≈∫‡ø®®“°µ—«Õ¬à“ß·Àπ¡„πª√–‡∑»‰∑¬

≥—∞æ√ ¿—∑√ ‘π‰æ∫Ÿ≈¬å* Õ√Õπß§å æ√‘Èß»ÿ≈°– Õ—®©√‘¬“ √—ß…‘√ÿ®‘ ·≈– ≥—Æ∞‘°“  ÿ«√√≥“»√—¬

∫∑§—¥¬àÕ

®“°°“√·¬°·∫§∑’‡√’¬°√¥·≈§µ‘§·≈–·≈∫‡ø®®“°µ—«Õ¬à“ß·Àπ¡„πª√–‡∑»‰∑¬∑—ÈßÀ¡¥ 36
µ—«Õ¬à“ß  “¡“√∂·¬°·∫§∑’‡√’¬°√¥·≈§µ‘§‰¥â∑—ÈßÀ¡¥ 41 ‰Õ‚´‡≈∑ ‡¡◊ËÕπ”·∫§∑’‡√’¬°√¥·≈§µ‘§∑—ÈßÀ¡¥
¡“·¬°·≈∫‡ø®æ∫«à“ “¡“√∂·¬°·≈∫‡ø®‰¥â‡æ’¬ß 1 µ—« §◊Õ φ 22 ‡¡◊ËÕ∑”°“√®—¥®”·π°·∫§∑’‡√’¬°√¥·≈§µ‘§
N 22 ∑’Ë„™â‡ªìπ‚Œ ∑å„π°“√·¬°‡ø®¥—ß°≈à“« ‚¥¬„™â™ÿ¥ API 50 CHL ·≈–≈”¥—∫‡∫ ¢Õß 16S rDNA æ∫
«à“®“°°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫‡∫ ¢Õß 16S rDNA °—∫∞“π¢âÕ¡Ÿ≈ GenBank · ¥ß„Àâ‡ÀÁπ«à“‚Œ ∑å N 22 ¡’
§«“¡§≈â“¬§≈÷ß°—∫ Weissella cibaria √âÕ¬≈– 99  ”À√—∫≈—°…≥–∑—Ë«‰ª¢Õß‡ø® φ 22 æ∫«à“¡’æ≈“§
¢π“¥‡≈Á°‚¥¬¡’‡ âπºà“π»Ÿπ¬å°≈“ßª√–¡“≥ 0.3 ¡‘≈≈‘‡¡µ√ ·≈–‡¡◊ËÕ»÷°…“√Ÿª√à“ß¿“¬„µâ°≈âÕß®ÿ≈∑√√»πå Õ‘‡≈Á§µ√Õπ
·∫∫ àÕßºà“πæ∫«à“®—¥Õ¬Ÿà„π Family Podoviridae ‚¥¬¡’ à«πÀ—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡¢π“¥ 91x36 π“‚π‡¡µ√ ·≈–
 à«πÀ“ß —Èπ§«“¡¬“« 27 π“‚π‡¡µ√ ‡¡◊ËÕπ”¡“»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘§
 “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπæ∫«à“ ‡ø® φ 22 ‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ Weissella  ªï™’ åÕ◊ËπÀ√◊Õ
·∫§∑’‡√’¬°√¥·≈§µ‘§µà“ß ªï™’ å‰¥â ·≈–®“°°“√»÷°…“°√“ø°“√‡®√‘≠æ∫«à“¡’ latent period ·≈– burst size
‡∑à“°—∫ 110 π“∑’ ·≈– 55 phage particles/infected cell µ“¡≈”¥—∫  “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫
‚Œ ∑å„π™à«ß§à“§«“¡‡ªìπ°√¥¥à“ß 5-8 ·≈–§à“ D values ¢Õß φ 22  “¡“√∂§”π«≥‰¥â‡∑à“°—∫ 60 «‘π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡´’¬  ·≈– 15 «‘π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ·≈–ª√‘¡“≥‡ø®®–≈¥≈ß®π
‰¡à “¡“√∂µ√«® Õ∫‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  √–¬–‡«≈“¡“°°«à“ 60 «‘π“∑’ À√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 90
Õß»“‡´≈‡´’¬  √–¬–‡«≈“¡“°°«à“ 20 «‘π“∑’ À√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  √–¬–‡«≈“πâÕ¬°«à“ 10
«‘π“∑’ ´÷ Ëß®“°°“√»÷°…“∑—ÈßÀ¡¥æ∫«à“‡ªìπ√“¬ß“π§√—Èß·√°∑’Ë§âπæ∫·≈∫‡ø®¢Õß Weissella cibaria
πÕ°®“°π’È‡ø®∑’Ë ‰¥â¡’≈—°…≥–√Ÿª√à“ß·µ°µà“ß®“°·≈∫‡ø®¢Õß Weissella ·≈–·≈∫‡ø® à«π„À≠à¢Õß
·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë‡§¬¡’√“¬ß“π

§” ”§—≠: ·≈∫‡ø® ·∫§∑’‡√’¬°√¥·≈§µ‘§ ·Àπ¡ °“√·¬°
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Isolation of LAB phage from Nham
(Thai Fermented Pork) in Thailand

Nattaporn Patarasinpaiboon*, Onanong Pringsulaka, Achariya Rangsiruji
and Nuttika Suwannasai

ABSTRACT

Lactic acid bacteria and LAB phage from Nham (Thai Fermented Pork) in Thailand
were isolated. From a total of 36 samples, 41 isolates of lactic acid bacteria were obtained and
employed as hosts for isolation of phages. It was found that only one phage designated φ 22 was
isolated. The lactic acid bacterial isolate named N 22 which was sensitive to φ 22 infection was
identified by API 50 CHL kit and a full length of the 16S rRNA sequence was analyzed. The
result from the 16S rRNA sequence revealed that the isolate possessed 99% similarity to
Weissella cibaria in the GenBank database. Phage φ 22 formed small plaques with entire edges
of 0.3 mm in diameter. Electron micrographs indicated that the phage head was hexagonal, head
size and length of tail were 91x36 nm and 27 nm, respectively. On the basis of the morphology,
this phage belonged to the family Podoviridae. Host-range determination revealed that phage
φ 22 was not capable of infecting all of the 41 isolates of lactic acid bacteria and referenced
Weissella strains used. One-step growth experiment showed that the latent period and burst size
were estimated at 110 min and 55 phage particles/infected cell, respectively. Furthermore, the
phage was infective over a wide range of pH (pH 5-8) and the D values of φ 22 were calculated
as 60 s at 70 ÌC and 15 s at 80 ÌC. Phage titers decreased below the detection limit after heating
for more than 60 s at 80 ÌC, or 20 s at 90 ÌC or less than 10 s at 100 ÌC. This is the first report
on the isolation of Weissella cibaria phage and the isolated phage φ 22 was different from other
Weissella phages as well as other phages infecting lactic acid bacteria.
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∫∑π”
·Àπ¡‡ªìπÕ“À“√À¡—°æ◊Èπ‡¡◊Õß¢Õßª√–™“™π∑“ß¿“§‡Àπ◊Õ·≈–¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ ´÷Ëß¡’

°“√∫√‘‚¿§Õ¬à“ß·æ√àÀ≈“¬∑—Ë«∑ÿ°¿“§ ¡’√ ‡ª√’È¬« ·Àπ¡∑’Ëπ‘¬¡∫√‘‚¿§°—π à«π„À≠à®–º≈‘µ®“°‡π◊ÈÕÀ¡Ÿ ´÷Ëß¡’
À≈“¬ª√–‡¿∑ ‡™àπ ·Àπ¡ÀŸÀ¡Ÿ ·Àπ¡À¡Ÿº ¡Àπ—ßÀ¡Ÿ ·Àπ¡´’Ë‚§√ßÀ¡Ÿ ‡ªìπµâπ °“√À¡—°·Àπ¡∑”‰¥â‚¥¬
π”‡π◊ÈÕÀ¡Ÿ¡“º ¡°—∫¢â“« ÿ°∫¥ °√–‡∑’¬¡∫¥ ·≈–‡§√◊ËÕßª√ÿßµà“ßÊ ®“°π—Èπ∫à¡‰«âª√–¡“≥ 3-4 «—π ‡æ◊ËÕ„Àâ
‡°‘¥°“√À¡—° Õ—π‡π◊ËÕß¡“®“°°‘®°√√¡¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§ [1] ®πº≈‘µ¿—≥±å¡’√ ‡ª√’È¬« °“√º≈‘µ
·Àπ¡„πªí®®ÿ∫—π¡—°º≈‘µ„π≈—°…≥–Õÿµ “À°√√¡„π§√—«‡√◊Õπ ∑”„Àâ¡’ªí≠À“„π°“√§«∫§ÿ¡§ÿ≥¿“æ ·Àπ¡∑’Ë
º≈‘µ‰¥â¡’Õ“¬ÿ°“√‡°Á∫√—°…“ —Èπ ¡’°“√‡πà“‡ ’¬ Ÿß √«¡∑—Èß¡’°“√ªπ‡ªóôÕπ®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë∑”„Àâ‡°‘¥‚∑… ∑—Èßπ’È
 “‡ÀµÿÀ≈—°‡°‘¥®“°°“√º≈‘µ∑’Ë¬—ß‰¡à¡’°“√§«∫§ÿ¡ ÿ¢≈—°…≥– √«¡∑—Èß‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë„™â„π°“√À¡—°·µà≈–§√—Èß‰¡à§ß∑’Ë
ºŸâº≈‘µ¡—°Õ“»—¬®ÿ≈‘π∑√’¬åµ“¡∏√√¡™“µ‘„π°“√À¡—° ·µàÕ¬à“ß‰√°Áµ“¡¬—ß¡’√“¬ß“π°“√«‘®—¬‰¡à¡“°π—°‡°’Ë¬«°—∫
 “‡ÀµÿÕ◊ËπÊ ∑’Ë∑”„Àâ°“√À¡—°·Àπ¡„Àâº≈∑’Ë‰¡à¥’

·∫§‡∑Õ√‘‚Õ‡ø® (bacteriophage) À√◊Õ‡ø® (phage) ‡ªìπ bacterial virus À¡“¬∂÷ß °≈ÿà¡¢Õß
‰«√— ∑’Ë∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ„π·∫§∑’‡√’¬ §âπæ∫§√—Èß·√°‚¥¬ Twort „πªï §.». 1915 ·≈– dû Herelle „πªï
§.». 1917 ‚¥¬ dû Herelle ‰¥â„Àâ§«“¡À¡“¬¢Õß·∫§‡∑Õ√‘‚Õ‡ø®«à“ µ—«°‘π·∫§∑’‡√’¬ [2] ‡ø®®—¥‡ªìπ
ÕÕ∫≈‘‡°µ-æ“√“‰´µå (obligate parasite) ¢Õß·∫§∑’‡√’¬ ∑”„Àâ°“√‡æ‘Ë¡®”π«π¢ÕßÕπÿ¿“§‡ø®‡°‘¥¢÷Èπ‡©æ“–
‡¡◊ËÕÕ¬Ÿà¿“¬„π‡´≈≈å¢Õß·∫§∑’‡√’¬ ‚¥¬‡ø®®–‡¢â“‰ª‡°“–µ‘¥°—∫ºπ—ß‡´≈≈å·≈–ª≈àÕ¬ “√æ—π∏ÿ°√√¡‡¢â“‰ª„π
‡´≈≈å¢Õß·∫§∑’‡√’¬ À≈—ß®“°π—Èπ°Á‡¢â“ Ÿà«ß™’«‘µ¢Õß‡ø®‡æ◊ËÕ‡æ‘Ë¡®”π«πÕπÿ¿“§‡ø®µàÕ‰ª [3]

·≈§µ‘§·Õ´‘¥·∫§‡∑Õ√‘‚Õ‡ø® À√◊Õ·≈§µ‘§‡ø® (lactic phage) À√◊Õ·≈∫‡ø® (LAB phage)
§◊Õ ‡ø®∑’Ë “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘§ (lactic acid bacteria) ´÷Ëß‡ªìπ‡™◊ÈÕ∑’Ë¡’§«“¡
 ”§—≠Õ¬à“ß¡“° ‡π◊ËÕß®“°·∫§∑’‡√’¬°≈ÿà¡π’È®—¥‡ªìπ·∫§∑’‡√’¬∑’Ë‰¥â√—∫°“√¬Õ¡√—∫«à“ª≈Õ¥¿—¬ (Generally
Recognized as Safe: GRAS) ·≈–‰¥â∂Ÿ°π”¡“„™â„πÕÿµ “À°√√¡Õ“À“√À¡—°À≈“¬ª√–‡¿∑ ‡™àπ º≈‘µ¿—≥±åπ¡
º—°·≈–º≈‰¡â ª≈“ ·≈–‡π◊ÈÕ —µ«å [4, 5] ®“°°“√∑¥≈Õßæ∫«à“ ·∫§∑’‡√’¬°√¥·≈§µ‘§™à«¬„π°“√ √â“ß°√¥
¢Õßº≈‘µ¿—≥±å ∑”„Àâº≈‘µ¿—≥±å¡’√ ‡ª√’È¬«  àßº≈µàÕ°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë‰¡àµâÕß°“√·≈–
®ÿ≈‘π∑√’¬å°àÕ‚√§ πÕ°®“°π—Èπº≈‘µ¿—≥±å∑’Ë‡°‘¥®“°°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§¬—ß¡’
§ÿ≥ ¡∫—µ‘‡ªìπ “√°—π∫Ÿ¥™’«¿“æ (biopreservative) [6] ´÷Ëß„π°“√º≈‘µÕ“À“√À¡—°„Àâ‰¥âº≈¥’π—Èπ¢÷ÈπÕ¬Ÿà°—∫
À≈“¬Ê ªí®®—¬∑—Èß∑“ß¥â“π°“¬¿“æ ‡§¡’ ·≈–™’«¿“æ √«¡∂÷ßÀ—«‡™◊ÈÕ‡√‘Ë¡µâπ∑’Ë„™â„π°“√À¡—° (starter) ·≈–
·∫§‡∑Õ√‘‚Õ‡ø® ‚¥¬æ∫«à“∂â“À—«‡™◊ÈÕ‡√‘Ë¡µâπ¡’°“√ªπ‡ªóôÕπ¥â«¬·≈∫‡ø®®–∑”„Àâ‡™◊ÈÕ·∫§∑’‡√’¬‡√‘Ë¡µâπ¡’®”π«π
πâÕ¬·≈–‰¡à “¡“√∂∑”„Àâ°“√À¡—°‡°‘¥°√¥‰¥âµ“¡µâÕß°“√  àßº≈‡ ’¬µàÕº≈‘µ¿—≥±å ‡™àπ º≈‘µ¿—≥±å∑’Ë‰¥â®“°
°“√À¡—°Õ“À“√‰¡à¥’ °“√À¡—°„™â‡«≈“π“π [7] ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥â∑”°“√·¬°·∫§∑’‡√’¬°√¥·≈§µ‘§·≈–
·¬°·≈∫‡ø®´÷Ëßªπ‡ªóôÕπ„π·Àπ¡ ®“°π—Èπ∑”°“√»÷°…“§ÿ≥ ¡∫—µ‘µà“ßÊ ¢Õß·≈∫‡ø® ‡æ◊ËÕ “¡“√∂π”‰ª„™â„π
°“√æ—≤π“°“√§«∫§ÿ¡°“√º≈‘µÕ“À“√À¡—°„Àâ‰¥âº≈¥’ ·≈–∑√“∫·π«∑“ß°“√ªÑÕß°—π°“√ªπ‡ªóôÕπ®“°·≈∫‡ø®
„π‡™◊ÈÕ‡√‘Ë¡µâπ∑’Ë„™â„π°“√º≈‘µÕ“À“√À¡—°
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«‘∏’°“√∑¥≈Õß
°“√§—¥·¬°·≈–®—¥®”·π°‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘§

„™â loop ‡º“‰ø®π·¥ß √Õ®π‡¬Áπ·≈â«π” loop ·µ–∫√‘‡«≥µà“ßÊ ¢Õß·Àπ¡ π”¡“ streak
≈ß∫πÕ“À“√ MRS agar ∑’Ëº ¡ CaCO3 √âÕ¬≈– 0.5 π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  „π candle
jar ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ∑”°“√§—¥‡≈◊Õ°·∫§∑’‡√’¬°√¥·≈§µ‘§‡∫◊ÈÕßµâπ ‚¥¬¥Ÿ®“°√Ÿª√à“ß °“√
‰¡à √â“ß‡Õπ‰´¡å§–µ–‡≈  ·≈–®—¥®”·π°„π√–¥—∫®’π— ‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’ ‰¥â·°à §«“¡
 “¡“√∂„π°“√‡®√‘≠∑’ËÕÿ≥À¿Ÿ¡‘ 10 ·≈– 45 Õß»“‡´≈‡´’¬  §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë ¿“«–§à“§«“¡
‡ªìπ°√¥¥à“ß 4.4 ·≈– 9.6 §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë ¿“«–¡’ NaCl ‡¢â¡¢âπ√âÕ¬≈– 6.5 ·≈– 18 ·≈–
°“√ √â“ß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å®“°°“√À¡—°πÈ”µ“≈°≈Ÿ‚§  [8] ®“°π—Èπ∑”°“√®—¥®”·π°„π√–¥—∫ ªï™’ å‚¥¬
„™â™ÿ¥®”·π°·∫§∑’‡√’¬ ”‡√Á®√Ÿª API 50 CHL (‚¥¬„™â«‘∏’°“√µ“¡∫√‘…—∑ºŸâº≈‘µ°”Àπ¥) ·≈–Õ“»—¬≈”¥—∫
‡∫ „π¬’π 16S rRNA ‚¥¬°“√ °—¥¥’‡ÕÁπ‡Õ¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§µ“¡«‘∏’°“√¢Õß Lu ·≈–§≥– [7] ·≈â«
π” DNA ∑’Ë °—¥‰¥â¡“‡ªìπ template „π°“√∑” Polymerase Chain Reaction (PCR) ‡æ◊ËÕ‡æ‘Ë¡®”π«π¬’π
16S rRNA ¢Õß·∫§∑’‡√’¬ ‚¥¬„™â primers ∑’Ë¡’≈”¥—∫‡∫ ¥—ßπ’È [9]

forward primer (8-27f) : 5û AGAGTTTGATC(A/C)TGGCTCAG 3û
reverse primer (1525r) : 5û TACGG(C/T)TACCTTGTTACGACTT 3û
®“°π— Èπ∑”°“√º ¡ “√µà“ßÊ ∑’ Ë „™â„π°“√∑” PCR ·≈â«π”‰ª‡¢â“‡§√◊ ËÕß MiniCyclerTM

(Bio-Rad, U.S.A.) ‚¥¬°”Àπ¥Õÿ≥À¿Ÿ¡‘·≈–‡«≈“ ”À√—∫‡æ‘Ë¡®”π«π¬’π 16S rRNA µ“¡«‘∏’°“√¢Õß
Björkroth ·≈–§≥– [10] π”™‘Èπ¥’‡ÕÁπ‡Õ∑’Ë‰¥â®“°°“√∑” PCR π’È ¡“«‘‡§√“–Àå¢π“¥¥â«¬«‘∏’Õ‘‡≈Á°‚∑√‚ø‡√ ‘́ 
π” PCR product ∑’Ë¡’¢π“¥ª√–¡“≥ 1,500 §Ÿà‡∫ ¡“∑”„Àâ∫√‘ ÿ∑∏‘Ï ‚¥¬„™â QIA quick Gel extraction Kit
(QIAGEN) ·≈â«π”™‘Èπ¥’‡ÕÁπ‡Õ∑’Ë‰¥â‰ªÀ“≈”¥—∫‡∫ ¢Õß¬’π 16S rRNA π”≈”¥—∫‡∫ ∑’Ë‰¥â¡“‡ª√’¬∫‡∑’¬∫
§«“¡‡À¡◊Õπ°—π°—∫≈”¥—∫‡∫ ¢Õß 16S rDNA „π∞“π¢âÕ¡Ÿ≈¢Õß GenBank ‚¥¬„™â‚ª√·°√¡ Blastn
(http://www.ncbi.nlm.nih.gov/ BLAST)

°“√·¬°·≈∫‡ø®‚¥¬„™â·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë·¬°‰¥â‡ªìπ‚Œ ∑å

‡µ√’¬¡‡´≈≈å·¢«π≈Õ¬¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§‚¥¬„Àâ¡’§à“ OD600 ‡∑à“°—∫ 0.6 ¥Ÿ¥¡“ 1
¡‘≈≈‘≈‘µ√ „ à≈ß„πÕ“À“√ MRS broth ª√‘¡“µ√ 50 ¡‘≈≈‘≈‘µ√ ∑’Ë∫√√®ÿÕ¬Ÿà„π¢«¥∑¥≈Õß√Ÿª™¡æŸà¢π“¥
250 ¡‘≈≈‘≈‘µ√ µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ª√–¡“≥ 6-7 ™—Ë«‚¡ß ®“°π—Èπ„ à·Àπ¡ª√‘¡“≥
25 °√—¡≈ß‰ª ∫à¡µàÕ‰ªÕ’°‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß π”µ—«Õ¬à“ß‰ªµ°µ–°Õπ ‚¥¬„™â‡§√◊ËÕßªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
4,025xg ‡ªìπ‡«≈“ 10 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ·¬° à«ππÈ”„ ¡“°√Õßºà“π·ºàπ°√Õß¢π“¥
0.45 ‰¡‚§√‡¡µ√ ·≈–π”¡“«‘‡§√“–Àå¢—ÈπµàÕ‰ª«à“¡’·≈∫‡ø®Õ¬ŸàÀ√◊Õ‰¡à [11, 12]
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°“√µ√«® Õ∫·≈∫‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ

π”πÈ”„ ∑’Ë‰¥âª√‘¡“µ√ 20 ‰¡‚§√≈‘µ√ ·≈–·∫§∑’‡√’¬°√¥·≈§µ‘§ª√‘¡“µ√ 20 ‰¡‚§√≈‘µ√
¡“‡µ‘¡≈ß„πÕ“À“√ MRS broth ∑’Ë¡’«ÿâπ√âÕ¬≈– 0.5 ∑’ËÀ≈Õ¡‡À≈«·≈â«∫√√®ÿÕ¬Ÿà„πÀ≈Õ¥∑¥≈Õß º ¡
„Àâ‡¢â“°—π ·≈â«‡∑∑—∫≈ß∫πÕ“À“√ MRS agar ∑’Ë·¢Áßµ—« ∫à¡„π candle jar ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß µ√«® Õ∫«ß„ À√◊Õæ≈“§ (plaque) ∑’Ë‡°‘¥¢÷Èπ [13]

°“√À“ª√‘¡“≥¢Õß·≈∫‡ø®

°“√À“ª√‘¡“≥¢Õß·≈∫‡ø®∑”‰¥â‚¥¬‡®◊Õ®“ß·≈∫‡ø®„πµ—«Õ¬à“ß·∫∫ serial dilution „Àâ¡’
§à“≈¥≈ß√–¥—∫≈– ‘∫‡∑à“ π” “√·¢«π≈Õ¬¢Õß·≈∫‡ø®„π·µà≈–√–¥—∫§«“¡‡®◊Õ®“ß·≈–·∫§∑’‡√’¬
°√¥·≈§µ‘§∑’Ë„™â‡ªìπ‚Œ ∑å¡“À“ª√‘¡“≥·≈∫‡ø® ‚¥¬°“√∑”Õ“À“√«ÿâπ Õß™—Èπ π—∫®”π«πæ≈“§∑’Ë‡°‘¥
¢÷Èπ·≈â«π”‰ª§”π«≥°—∫Õ—µ√“°“√‡®◊Õ®“ß‡æ◊ËÕÀ“§à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§ (Plaque forming unit/
ml; PFU/ml) ‚¥¬§”π«≥‰¥â®“° Ÿµ√ [14]

§à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§ (PFU/ml) =
®”π«πæ≈“§

ª√‘¡“≥‡ø®∑’Ë„™â X §à“§«“¡‡®◊Õ®“ß

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

‡µ√’¬¡·≈∫‡ø®„πÕ“À“√‡À≈« ‚¥¬π”‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘§‡æ“–‡≈’È¬ß„πÕ“À“√ MRS broth
∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ¥Ÿ¥¡“ 1 ¡‘≈≈‘≈‘µ√ „ à≈ß„πÕ“À“√ MRS broth
ª√‘¡“µ√ 50 ¡‘≈≈‘≈‘µ√ ∑’Ë∫√√®ÿÕ¬Ÿà„π¢«¥∑¥≈Õß√Ÿª™¡æŸà¢π“¥ 250 ¡‘≈≈‘≈‘µ√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ª√–¡“≥ 6-7 ™—Ë«‚¡ß „ à·≈∫‡ø®∑’Ë·¬°‰¥â≈ß‰ª 100 ‰¡‚§√≈‘µ√ ∫à¡µàÕ‰ªÕ’°‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
À≈—ß®“°π—Èππ”‰ªµ°µ–°Õπ‡æ◊ËÕ·¬°‡´≈≈å∑’Ë‰¡àµâÕß°“√ÕÕ° ‚¥¬ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 4,025 x g ‡ªìπ‡«≈“
10 π“∑’ ·¬°‡Õ“ à«ππÈ”„ ´÷Ëß¡’·≈∫‡ø®¡“‡µ‘¡‡°≈◊Õ„Àâ¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬‡ªìπ 1 ‚¡≈“√å ·™àπÈ”·¢Áß‡ªìπ
‡«≈“ 30 π“∑’ ·≈–‡µ‘¡æÕ≈‘‡Õ∏‘≈’π‰°≈§Õ≈ 8,000 (polyethylene glycol 8,000) √âÕ¬≈– 10 (πÈ”Àπ—°
µàÕª√‘¡“µ√) ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
21,952xg ‡ªìπ‡«≈“ 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·¬° à«ππÈ”„ ∑‘Èß·≈–π”·≈∫‡ø®∑’Ëµ°µ–°Õπ
‰¥â¡“ àÕß¥Ÿ√Ÿª√à“ß¢Õß·≈∫‡ø®¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π [14-16]

°“√»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘§ ªï™’ åÕ◊Ëπ ·≈–®’π— Õ◊Ëπ

π”‡´≈≈å·¢«π≈Õ¬¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§ ªï™’ åÕ◊Ëπ ‰¥â·°à W. confusa NRIC 0207, W.
hellenica NRIC 0203, W. paramesenteroides NRIC 1542 ·≈– W. thailandensis FS61-1
(‰¥â√—∫§«“¡Õπÿ‡§√“–Àå‡™◊ÈÕ∑—Èß 4  ªï™’ å®“°√Õß»“ µ√“®“√¬å ¥√. ¡∫Ÿ√≥å ∏π“»ÿ¿«—≤πå ¿“§«‘™“®ÿ≈™’««‘∑¬“
§≥–‡¿ —™»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬) ·≈–·∫§∑’‡√’¬°√¥·≈§µ‘§®’π— Õ◊Ëπ∑’Ë®–∑¥ Õ∫ª√‘¡“µ√ 20
‰¡‚§√≈‘µ√ ¡“‡µ‘¡≈ß„πÕ“À“√ MRS broth ∑’Ë¡’«ÿâπ√âÕ¬≈– 0.5 ∑’ËÀ≈Õ¡‡À≈«·≈â«º ¡„Àâ‡¢â“°—π ·≈â«‡∑∑—∫
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≈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— ∑’Ëπ”¡“∑¥ Õ∫®“°°“√‡°‘¥æ≈“§∫√‘‡«≥∑’ËÀ¬¥·≈∫‡ø®≈ß‰ª [11, 12]

°“√»÷°…“°√“ø°“√‡®√‘≠¢Õß·≈∫‡ø® (One-step growth experiment)

π”‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ëµ‘¥‡™◊ÈÕ¥â«¬·≈∫‡ø®‡ªìπ‡«≈“ 10 π“∑’ ¡“∑”°“√ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
21,952xg ‡ªìπ‡«≈“ 30 «‘π“∑’ π” à«πµ–°Õπ¡“∑”°“√·¢«π≈Õ¬„πÕ“À“√ MRS broth ‡°Á∫µ—«Õ¬à“ß
∑ÿ° 5-10 π“∑’ ‡ªìπ‡«≈“¡“°°«à“ 2 ™—Ë«‚¡ß π”µ—«Õ¬à“ß¡“∑”°“√ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 4,025xg ‡ªìπ‡«≈“
10 π“∑’ ®“°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‡«≈“∑’Ë‡ø®∑”„Àâ‡´≈≈å·∫§∑’‡√’¬·µ°§√—Èß·√°‡ªìπ latent period
[2, 17] ·≈–§”π«≥ burst size ´÷ËßÀ“‰¥â®“°Õ—µ√“ à«π¢Õß®”π«π‡ø®∑’Ë∂Ÿ°ª≈àÕ¬ÕÕ°¡“®“°‡´≈≈å
·∫§∑’‡√’¬„π™à«ß ÿ¥∑â“¬¢Õß latent period µàÕ®”π«π‡ø®∑’Ë∂Ÿ°ª≈àÕ¬ÕÕ°¡“®“°‡´≈≈å·∫§∑’‡√’¬§√—Èß·√°
µ“¡«‘∏’¢Õß Adams [2]

°“√»÷°…“º≈¢Õß§«“¡‡ªìπ°√¥¥à“ßµàÕ§«“¡ “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ¢Õß‡ø®

π” “√·¢«π≈Õ¬¢Õß·≈∫‡ø®„π·µà≈–√–¥—∫§«“¡‡®◊Õ®“ß·≈–‡´≈≈å·¢«π≈Õ¬¢Õß·∫§∑’‡√’¬
°√¥·≈§µ‘§∑’Ë„™â‡ªìπ‚Œ ∑å¡“À“ª√‘¡“≥·≈∫‡ø® ‚¥¬°“√∑”Õ“À“√«ÿâπ Õß™—Èπ ∑”°“√ª√—∫§à“§«“¡‡ªìπ°√¥
¥à“ß¢ÕßÕ“À“√ MRS broth ∑’Ë¡’«ÿâπ√âÕ¬≈– 0.5 ·≈– MRS agar „Àâ¡’§à“§«“¡‡ªìπ°√¥¥à“ß‡∑à“°—∫ 4.4-9.6
∫à¡„π candle jar ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß π—∫®”π«πæ≈“§∑’Ë‡°‘¥¢÷Èπ·≈â«π”‰ª
§”π«≥°—∫Õ—µ√“°“√‡®◊Õ®“ß‡æ◊ËÕÀ“§à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§ [7]

°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√Õ¬Ÿà√Õ¥¢Õß·≈∫‡ø®

µ“¡«‘∏’°“√¢Õß Lu ·≈–§≥– [7] ‚¥¬π”‡ø®¡“∑”°“√‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπ ‚¥¬„Àâ¡’§à“§«“¡ “¡“√∂
„π°“√‡°‘¥æ≈“§‡ªìπ 106 PFU/ml ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 70, 80, 90 ·≈– 100 Õß»“‡´≈‡´’¬  ®“°π—Èπ‡°Á∫
µ—«Õ¬à“ß¢Õß‡ø®∑’Ë™à«ß‡«≈“µà“ßÊ ¡“ 1 ¡‘≈≈‘≈‘µ√ π”‰ªÀ“ª√‘¡“≥‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ

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

®“°°“√§—¥·¬°·∫§∑’‡√’¬®“°µ—«Õ¬à“ß·Àπ¡®”π«π 36 µ—«Õ¬à“ß ‚¥¬§—¥‡≈◊Õ°‚§‚≈π’ ’¢“«
∑’Ë‡ªìπ‚§‚≈π’‡¥’Ë¬«¢π“¥ 1-3 ¡‘≈≈‘‡¡µ√ ∑’Ë¡’∫√‘‡«≥„ √Õ∫‚§‚≈π’∫πÕ“À“√ MRS agar ∑’Ëº ¡ CaCO3

√âÕ¬≈– 0.5 π”‰ª¬âÕ¡ ’·°√¡‡æ◊ËÕ¥Ÿ≈—°…≥–√Ÿª√à“ß ‡°Á∫‡™◊ÈÕ∑’Ëµ‘¥ ’·°√¡∫«° ‰¡à √â“ß ªÕ√å „Àâº≈≈∫
„π°“√∑¥ Õ∫‡Õπ‰´¡å§–µ–‡≈  ‡¡◊ËÕπ”¡“®—¥®”·π°®’π— ·≈– ªï™’ å‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’ ‰¥â·°à
§«“¡ “¡“√∂„π°“√‡®√‘≠∑’ËÕÿ≥À¿Ÿ¡‘ 10 ·≈– 45 Õß»“‡´≈‡´’¬  §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë ¿“«–§à“
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§«“¡‡ªìπ°√¥¥à“ß 4.4 ·≈– 9.6 §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë ¿“«–¡’ NaCl ‡¢â¡¢âπ√âÕ¬≈– 6.5 ·≈– 18
·≈–°“√ √â“ß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å®“°°“√À¡—°πÈ”µ“≈°≈Ÿ‚§ æ∫«à“  “¡“√∂·¬°·∫§∑’‡√’¬°√¥·≈§µ‘§
‰¥â∑—ÈßÀ¡¥ 41 ‰Õ‚´‡≈∑

°“√·¬°·≈∫‡ø®‚¥¬„™â·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë·¬°‰¥â‡ªìπ‚Œ ∑å

π”·∫§∑’‡√’¬°√¥·≈§µ‘§∑—ÈßÀ¡¥ 41 ‰Õ‚´‡≈∑ ¡“∑”°“√·¬°·≈∫‡ø® ·≈–π”¡“µ√«® Õ∫
·≈∫‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπæ∫«à“ “¡“√∂·¬°·≈∫‡ø®‰¥â 1 µ—« ®“°‚Œ ∑å N 22 ∑’Ë‰¥â
®“°µ—«Õ¬à“ß·Àπ¡®—ßÀ«—¥‡™’¬ß„À¡à ·≈–„Àâ™◊ËÕ·≈∫‡ø®∑’Ë·¬°‰¥â«à“ φ 22 ‡¡◊ËÕπ”‚Œ ∑å N 22 ¡“®—¥®”·π°
‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’Õ◊Ëπ ‚¥¬„™â™ÿ¥®”·π°·∫§∑’‡√’¬ ”‡√Á®√Ÿª API 50 CHL (Biomerieux,
France) æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ Weissella sp. √âÕ¬≈– 91.8 ·≈–‡¡◊ËÕπ”¡“®”·π° ªï™’ å‚¥¬Õ“»—¬
≈”¥—∫‡∫ „π¬’π 16S rRNA æ∫«à“‚Œ ∑å N 22 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Weissella cibaria √âÕ¬≈– 99

 ”À√—∫≈—°…≥–∑—Ë«‰ª¢Õß‡ø® φ 22 æ∫«à“¡’æ≈“§¢π“¥‡≈Á°‚¥¬¡’‡ âπºà“π»Ÿπ¬å°≈“ß 0.3 ¡‘≈≈‘‡¡µ√
(√Ÿª∑’Ë 1A) ·≈–‡¡◊ËÕ»÷°…“√Ÿª√à“ß¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕßºà“πæ∫«à“ φ 22 ¡’√Ÿª√à“ß‡ªìπ
À°‡À≈’Ë¬¡  à«πÀ“ß —Èπ®—¥Õ¬Ÿà„π°≈ÿà¡ C µ“¡«‘∏’¢Õß Bradley ·≈–Õ¬Ÿà„π Family Podoviridae µ“¡«‘∏’
¢Õß§≥–°√√¡°“√ “°≈«à“¥â«¬°“√®—¥Õπÿ°√¡«‘∏“π¢Õß‰«√—  ‚¥¬ à«πÀ—«¡’¢π“¥ 91x36 π“‚π‡¡µ√ ·≈–
 à«πÀ“ß¬“« 27 π“‚π‡¡µ√ (√Ÿª∑’Ë 1B)

√Ÿª∑’Ë 1 ≈—°…≥–æ≈“§·≈–√Ÿª√à“ß¢Õß·≈∫‡ø® φ 22
(A) ≈—°…≥–æ≈“§
(B) √Ÿª√à“ß¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕßºà“π
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°“√»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘§ ªï™’ åÕ◊Ëπ ·≈–®’π— Õ◊Ëπ

°“√»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø® φ 22 „π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘§ ªï™’ åÕ◊Ëπ ‰¥â·°à
W. confusa NRIC 0207, W. hellenica NRIC 0203, W. paramesenteroides NRIC 1542 ·≈–
W. thailandensis FS61-1 ·≈–·∫§∑’‡√’¬°√¥·≈§µ‘§®’π— Õ◊Ëπ ‰¥â·°à ·∫§∑’‡√’¬°√¥·≈§µ‘§∑—ÈßÀ¡¥∑’Ë·¬°
‰¥â®“°µ—«Õ¬à“ß·Àπ¡®”π«π 41 ‰Õ‚´‡≈∑ ·≈– Lactobacillus sakei ATCC 15521 æ∫«à“·≈∫‡ø® φ 22
‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘§∑ÿ°™π‘¥∑’Ë∑”°“√∑¥ Õ∫

°“√»÷°…“°√“ø°“√‡®√‘≠¢Õß·≈∫‡ø® (One-step growth experiment)

®“°°“√»÷°…“°√“ø°“√‡®√‘≠¢Õß·≈∫‡ø® φ 22 (√Ÿª∑’Ë 2) ®“°°√“ø æ∫«à“‡ø®¡’ latent period
‡∑à“°—∫ 110 π“∑’ ·≈–‡¡◊ËÕ§”π«≥ burst size æ∫«à“¡’§à“‡∑à“°—∫ 55 particles/infected cell

√Ÿª∑’Ë 2 °√“ø°“√‡®√‘≠¢Õß·≈∫‡ø® φ 22

°“√»÷°…“º≈¢Õß§«“¡‡ªìπ°√¥¥à“ßµàÕ§«“¡ “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ¢Õß‡ø®

‡¡◊ËÕ∑”°“√ª√—∫§à“§«“¡‡ªìπ°√¥¥à“ß¢ÕßÕ“À“√ MRS broth ∑’Ë¡’«ÿâπ√âÕ¬≈– 0.5 ·≈– MRS agar
„Àâ¡’§à“§«“¡‡ªìπ°√¥¥à“ß‡∑à“°—∫ 4.4-9.6 „π°“√‡µ√’¬¡°“√∑”«ÿâπ 2 ™—Èπ ‡æ◊ËÕ∑¥ Õ∫ª√‘¡“≥æ≈“§∑’Ë‡°‘¥¢÷Èπ
æ∫«à“§à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§∑’Ë§«“¡‡ªìπ°√¥¥à“ßµà“ßÊ · ¥ß¥—ßµ“√“ß∑’Ë 1
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µ“√“ß∑’Ë 1 §à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§∑’Ë§«“¡‡ªìπ°√¥¥à“ßµà“ßÊ

§à“§«“¡‡ªìπ°√¥¥à“ß
§à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§

(PFU/ml)

4.4 0
5 7.8 x 106

6 1.28 x 108

7 1.02 x 109

8 2.5 x 108

9.6 0

°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√Õ¬Ÿà√Õ¥¢Õß·≈∫‡ø®

‡¡◊ËÕπ”·≈∫‡ø® φ 22 ∑’Ë¡’§à“§«“¡ “¡“√∂„π°“√‡°‘¥æ≈“§‡∑à“°—∫ 106 PFU/ml ¡“∫à¡∑’ËÕÿ≥À¿Ÿ¡‘
70, 80, 90 ·≈– 100 Õß»“‡´≈‡´’¬  æ∫«à“ “¡“√∂À“§à“ D values (√–¬–‡«≈“∑’Ë∑”„Àâª√‘¡“≥‡ø®≈¥≈ß
1 log (PFU/ml) ≥ Õÿ≥À¿Ÿ¡‘π—Èπ) ¢Õß φ 22  “¡“√∂§”π«≥‰¥â‡∑à“°—∫ 60 «‘π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“
‡´≈‡ ’́¬  ·≈– 15 «‘π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ·≈–ª√‘¡“≥‡ø®®–≈¥≈ß®π‰¡à “¡“√∂µ√«® Õ∫
‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  √–¬–‡«≈“¡“°°«à“ 60 «‘π“∑’ À√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 90 Õß»“‡´≈‡ ’́¬  √–¬–
‡«≈“¡“°°«à“ 20 «‘π“∑’ À√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  √–¬–‡«≈“¡“°°«à“ 10 «‘π“∑’ (√Ÿª∑’Ë 3)

√Ÿª∑’Ë 3 º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√Õ¬Ÿà√Õ¥¢Õß·≈∫‡ø® φ 22 [Õÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡´’¬  (◆), Õÿ≥À¿Ÿ¡‘ 80
Õß»“‡´≈‡´’¬  (◆), Õÿ≥À¿Ÿ¡‘ 90 Õß»“‡´≈‡´’¬  (▲), ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  (●)]
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√§—¥·¬°·∫§∑’‡√’¬°√¥·≈§µ‘§®“°µ—«Õ¬à“ß·Àπ¡®”π«π∑—ÈßÀ¡¥ 36 µ—«Õ¬à“ß æ∫«à“ “¡“√∂

·¬°·∫§∑’‡√’¬‰¥â∑—ÈßÀ¡¥ 41 ‰Õ‚´‡≈∑ ÷́Ëß®“°°√–∫«π°“√º≈‘µ·Àπ¡∑’Ë∑”°“√∫√√®ÿ‚¥¬‰≈àÕ“°“»ÕÕ°·≈â«
ª≈àÕ¬„Àâ‡°‘¥°“√À¡—°¥â«¬‡™◊ÈÕ„π∏√√¡™“µ‘∑’ËµâÕß°“√ÕÕ°´‘‡®π‡æ’¬ß‡≈Á°πâÕ¬‡æ◊ËÕ°“√‡®√‘≠ ¥—ßπ—Èπ®ÿ≈‘π∑√’¬å
 à«π„À≠à∑’Ë‡®√‘≠¡—°®–‡ªìπ·∫§∑’‡√’¬°√¥·≈§µ‘§´÷Ëß∑”„Àâº≈‘µ¿—≥±å¡’√ ‡ª√’È¬«  à«π®ÿ≈‘π∑√’¬åÕ◊Ëπ∑’ËµâÕß°“√
ÕÕ°´‘‡®π®–‰¡à‡®√‘≠‡µ‘∫‚µ ·≈–®ÿ≈‘π∑√’¬å™π‘¥∑’Ë‰¡à™Õ∫§«“¡‡ªìπ°√¥®–µ“¬‡æ√“–°√¥∑’Ë √â“ßÕÕ°¡“®“°
®ÿ≈‘π∑√’¬å∑’Ëº≈‘µ°√¥·≈§µ‘§ [18] ‚¥¬æ∫«à“·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë∑√“∫ “¬æ—π∏ÿå„π·Àπ¡∑’ËÀ¡—°µ“¡
∏√√¡™“µ‘ (natural fermentation) ¡’À≈“¬ “¬æ—π∏ÿå ‰¥â·°à Lactobacillus bavaricus, Lb. curvatus, Lb.
farciminis, Lb. plantarum, Lb. sake, Pediococcus damnosus, P. acidilactici, P. pentosaceus
·≈– Leuconostoc sp. [19] Õ¬à“ß‰√°Áµ“¡°“√À¡—°µ“¡∏√√¡™“µ‘ °‘®°√√¡°“√À¡—°¡—°‰¡à§ß∑’Ë∑”„Àâ‰¡à
 “¡“√∂§«∫§ÿ¡§ÿ≥¿“æ¢Õß·Àπ¡∑’Ëº≈‘µ‰¥â ‡∑§‚π‚≈¬’°“√º≈‘µ·Àπ¡„πª√–‡∑»‰∑¬ à«π„À≠à¬—ßπ‘¬¡°“√
À¡—°‚¥¬Õ“»—¬‡™◊ÈÕµ“¡∏√√¡™“µ‘ ·≈–„™â¥‘πª√– ‘«‡¢â“™à«¬‡æ◊ËÕ„Àâ·Àπ¡πà“√—∫ª√–∑“π ®“°°“√ ”√«®ºŸâº≈‘µ
®”π«π 80 √“¬ „π¿“§‡Àπ◊ÕµÕπ∫π·≈–¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ æ∫«à“∑ÿ°√“¬„™â«‘∏’°“√À¡—°µ“¡∏√√¡™“µ‘
‚¥¬„™â¥‘πª√– ‘«À√◊Õ·ªÑß™à«¬„π°“√À¡—° πÕ°®“°π’È¬—ßæ∫«à“¡’ºŸâº≈‘µ„π¿“§‡Àπ◊ÕµÕπ∫π‡æ’¬ß√“¬‡¥’¬«
‡∑à“π—Èπ∑’Ë„™â‡∑§π‘§°“√º≈‘µ‚¥¬„™âÀ—«‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï ·µà‰¡àæ∫ºŸâº≈‘µ∑’Ë„™â‡∑§π‘§°“√©“¬√—ß ’·µàÕ¬à“ß„¥ [20]

‡¡◊ËÕπ”‚Œ ∑å N 22 ¡“®—¥®”·π°‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’Õ◊Ëπ ‚¥¬„™â™ÿ¥®”·π°·∫§∑’‡√’¬
 ”‡√Á®√Ÿª API 50 CHL (Biomerieux, France) æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ Weissella sp. √âÕ¬≈– 91.8
·≈–‡¡◊ËÕπ”¡“®”·π° ªï™’ å‚¥¬Õ“»—¬≈”¥—∫‡∫ „π¬’π 16S rRNA æ∫«à“‚Œ ∑å N 22 ¡’§«“¡§≈â“¬§≈÷ß°—∫
Weissella cibaria √âÕ¬≈– 99 ≈”¥—∫‡∫ „π¬’π 16S rRNA ¢Õß‚Œ ∑å N 22

‡¡◊ËÕπ”·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë·¬°‰¥â¡“„™â‡ªìπ‚Œ ∑å ”À√—∫°“√·¬°·≈∫‡ø®æ∫«à“ “¡“√∂·¬°
·≈∫‡ø®‰¥â 1 µ—« §◊Õ ‡ø® φ 22 ´÷Ëß∑”„Àâ‡°‘¥æ≈“§¢π“¥ 0.3 ¡‘≈≈‘‡¡µ√ ‡¡◊ËÕ»÷°…“√Ÿª√à“ß¿“¬„µâ
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕßºà“πæ∫«à“®—¥Õ¬Ÿà„π Family Podoviridae ‚¥¬¡’ à«πÀ—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡
¢π“¥ 91x36 π“‚π‡¡µ√ ·≈– à«πÀ“ß —Èπ §«“¡¬“« 27 π“‚π‡¡µ√ ́ ÷Ëß¡’≈—°…≥–√Ÿª√à“ß·µ°µà“ß®“°·≈∫‡ø®
¢Õß Weissella sp. ·≈–·≈∫‡ø® à«π„À≠à¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë‡§¬¡’√“¬ß“π ‚¥¬ à«π„À≠à∂Ÿ°®—¥Õ¬Ÿà„π
Family Siphoviridae ‡™àπ ‡ø® φJL-1 [7] ∑’Ë¡’À—«¢π“¥ 59 nm ·≈–À“ß¬“« 182 nm ·≈–‡ø® B2 [20]
∑’Ë¡’À—«¢π“¥ 110 nm À“ß¬“« 500 nm ‡¡◊ËÕπ”¡“»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥
·≈§µ‘§ “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ æ∫«à“‡ø® φ 22 ‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ Weissella  ªï™’ åÕ◊Ëπ
À√◊Õ·∫§∑’‡√’¬°√¥·≈§µ‘§µà“ß ªï™’ å‰¥â ´÷Ëß§≈â“¬°—∫‡ø®¢Õß‡™◊ÈÕ Weissella  “¬æ—π∏ÿåÕ◊Ëπ∑’Ë‡ªìπ‡ø®∑’Ë¡’
§«“¡ “¡“√∂„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬ “¬æ—π∏ÿåÕ◊Ëπ [21]

®“°°“√»÷°…“°√“ø°“√‡®√‘≠ æ∫«à“‡ø® φ 22 ¡’ latent period ‡∑à“°—∫ 110 π“∑’ ́ ÷Ëßπ“π°«à“‡ø®
phage B2 [22] ∑’Ë¡’ latent period ‡∑à“°—∫ 75 π“∑’ ·≈–‡ø® φJL-1 [7] ∑’Ë¡’ latent period ‡∑à“°—∫ 35 π“∑’
‡ø® φ 22 ¡’ burst size ‡∑à“°—∫ 55 phage particles/infected cell ´÷Ëß„À≠à°«à“‡ø® φJL-1 [7] ·≈–‡ø®
B2 [22] ∑’Ë¡’ burst size ‡∑à“°—∫ 22 ·≈– 12-14 phage particles/infected cell µ“¡≈”¥—∫ ·µà‡ø® φ 22
¡’¢π“¥ burst size ∑’Ë‡≈Á°°«à“‡ø® fri [23] ∑’Ë¡’ burst size ‡∑à“°—∫ 200 phage particles/infected cell
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‡ø® φ 22  “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫‚Œ ∑å„π™à«ß§à“§«“¡‡ªìπ°√¥¥à“ß 5-8 ·≈–§à“ D values
¢Õß φ 22  “¡“√∂§”π«≥‰¥â‡∑à“°—∫ 60 «‘π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡ ’́¬  ·≈– 15 «‘π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 80
Õß»“‡´≈‡´’¬  ª√‘¡“≥‡ø®®–≈¥≈ß®π‰¡à “¡“√∂µ√«® Õ∫‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  √–¬–‡«≈“
¡“°°«à“ 60 «‘π“∑’ À√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 90 Õß»“‡´≈‡ ’́¬  √–¬–‡«≈“¡“°°«à“ 20 «‘π“∑’ À√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 100
Õß»“‡´≈‡´’¬  √–¬–‡«≈“πâÕ¬°«à“ 10 «‘π“∑’ ´÷Ëß‡ø® φ 22 ¡’§«“¡ “¡“√∂„π°“√∑πµàÕÕÿ≥À¿Ÿ¡‘ Ÿß‰¥âπâÕ¬
°«à“‡ø® φJL-1 [7] ∑’Ë¡’§à“ D values ‡∑à“°—∫ 2.7 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡ ’́¬  ·≈– 0.2 π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ®“°°“√»÷°…“∑—ÈßÀ¡¥æ∫«à“‡ªìπ√“¬ß“π§√—Èß·√°∑’Ë§âπæ∫·≈∫‡ø®¢Õß Weissella
cibaria ·≈–‡ø®∑’Ë‰¥â¡’≈—°…≥–√Ÿª√à“ß·µ°µà“ß®“°·≈∫‡ø®¢Õß Weissella sp. ·≈–·≈∫‡ø® à«π„À≠à
¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘§∑’Ë‡§¬¡’√“¬ß“π πÕ°®“°π’È®“°º≈°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–º≈¢Õß§«“¡‡ªìπ
°√¥¥à“ßµàÕ§«“¡ “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ¢Õß‡ø® φ 22 ¬—ß “¡“√∂π”„ª„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√
ªÑÕß°—π°“√ªπ‡ªóôÕπ®“°·≈∫‡ø®„π‡™◊ÈÕ‡√‘Ë¡µâπ∑’Ë„™â„π°“√º≈‘µÕ“À“√À¡—°‰¥â„πÕπ“§µ

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬®“°‡ß‘π√“¬‰¥â¡À“«‘∑¬“≈—¬ ª√–®”ªïß∫ª√–¡“≥ æ.». 2551

·≈–¢Õ¢Õ∫§ÿ≥√Õß»“ µ√“®“√¬å ¥√. ¡∫Ÿ√≥å ∏π“»ÿ¿«—≤πå ¿“§«‘™“®ÿ≈™’««‘∑¬“ §≥–‡¿ —™»“ µ√å ®ÿÃ“≈ß°√≥å
¡À“«‘∑¬“≈—¬ ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå¡Õ∫‡™◊ÈÕ∑¥ Õ∫ ·≈–Õ“®“√¬å»√’°“≠®π“ §≈â“¬‡√◊Õß ¿“§«‘™“®ÿ≈™’««‘∑¬“
§≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬·¡à‚®â ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àåµ—«Õ¬à“ß·Àπ¡∫“ß à«π √«¡∑—ÈßÕ“®“√¬å ¥√.»‘√æ√√≥
 ÿ§π∏ ‘ßÀå §≥–‡∑§π‘§°“√ —µ«·æ∑¬å ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ∑’Ë„Àâ§”·π–π”¥â“π°“√®—¥®”·π°
·∫§∑’‡√’¬°√¥·≈§µ‘§
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