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∫∑§—¥¬àÕ

®“°°“√·¬°·∫§∑’‡√’¬°√¥·≈§µ‘°·≈–·≈∫‡ø®®“°µ—«Õ¬à“ßº≈‘µ¿—≥±åÕ“À“√ª≈“À¡—°„π
ª√–‡∑»‰∑¬∑—ÈßÀ¡¥ 51 µ—«Õ¬à“ß  “¡“√∂·¬°·∫§∑’‡√’¬°√¥·≈§µ‘°‰¥â∑—ÈßÀ¡¥ 60 ‰Õ‚´‡≈∑ ‡¡◊ËÕπ”
·∫§∑’‡√’¬°√¥·≈§µ‘°∑—ÈßÀ¡¥¡“·¬°·≈∫‡ø®æ∫«à“  “¡“√∂·¬°·≈∫‡ø®‰¥â 4 µ—« §◊Õ ΦF-42, ΦF-50,
ΦF-57 ·≈– ΦF-59 ´÷Ëß‚Œ ∑å¢Õß‡ø®‡À≈à“π’È §◊Õ ·∫§∑’‡√’¬ F42, F50, F57 ·≈– F59 ‡¡◊ËÕ∑”°“√®—¥
®”·π°·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë„™â‡ªìπ‚Œ ∑å¢Õß‡ø®¥—ß°≈à“« ‚¥¬°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫‡∫ ∫√‘‡«≥ 16S rDNA
¢Õß‚Œ ∑å°—∫∞“π¢âÕ¡Ÿ≈ GenBank æ∫«à“‚Œ ∑å F42 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Leuconostoc lactis (GenBank
accession number GU125559) √âÕ¬≈– 100 ‚Œ ∑å F50 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Leuconostoc
mesenteroides subsp. mesenteroides (GenBank accession number GU138559) √âÕ¬≈– 99 ‚Œ ∑å
F57 ·≈– F59 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Weissella cibaria (GenBank accession number AB494716)
√âÕ¬≈– 100  ”À√—∫≈—°…≥–∑—Ë«‰ª¢Õß‡ø®∑—Èß 4 µ—« æ∫«à“ “¡“√∂∑”≈“¬·∫§∑’‡√’¬ °àÕ„Àâ‡°‘¥«ß„  (æ≈“§)
®÷ß®—¥‡ªìπ‰«√Ÿ‡√π∑å‡ø® ·≈–‡¡◊ËÕ»÷°…“√Ÿª√à“ß¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π æ∫«à“ “¡“√∂
·¬°ÕÕ°‰¥â‡ªìπ 2 ·ø¡‘≈’ ‚¥¬‡ø® ΦF-42 ·≈–‡ø® ΦF-50 ¡’ à«πÀ—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß 82 ·≈– 64 π“‚π‡¡µ√ µ“¡≈”¥—∫ ·≈– à«πÀ“ß¬“«‰¡à “¡“√∂¬◊¥À¥‰¥â ¢π“¥§«“¡¬“« 182
·≈– 327 π“‚π‡¡µ√ µ“¡≈”¥—∫ ¥—ßπ—Èπ®÷ß®—¥®”·π°‡ø®π’ÈÕ¬Ÿà„π·ø¡‘≈’ Siphoviridae  à«π‡ø® ΦF-57
·≈– ΦF-59 ¡’ à«πÀ—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 94 Ó 44 ·≈– 96 Ó 43 π“‚π‡¡µ√
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µ“¡≈”¥—∫ ·≈– à«πÀ“ß —Èπ‰¡à “¡“√∂¬◊¥À¥‰¥â ¢π“¥§«“¡¬“« 31 ·≈– 23 π“‚π‡¡µ√ µ“¡≈”¥—∫
®÷ß®—¥Õ¬Ÿà„π·ø¡‘≈’ Podoviridae ‡¡◊ËÕπ”¡“»÷°…“‚Œ ∑å-‡√π®å æ∫«à“ ·≈∫‡ø®‡À≈à“π’È‰¡à “¡“√∂∑”„Àâ‡°‘¥
°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫‰¥â ¬°‡«âπ‡ø® ΦF-59 ∑’Ë
 “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫ Weissella cibaria N22 ∑’Ëπ”¡“∑¥ Õ∫‰¥â ·≈–‡¡◊ËÕ °—¥¥’‡ÕÁπ‡Õ
¢Õß‡ø®·≈â«π”¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– æ∫«à“‡ø®∑—Èß 4 µ—«¡’√Ÿª·∫∫¢Õß¥’‡ÕÁπ‡ÕÀ≈—ß®“°µ—¥¥â«¬
‡Õπ‰´¡åµà“ß°—π ®÷ß¬◊π¬—π‰¥â«à“‡ªìπ·≈∫‡ø®µà“ß™π‘¥°—π πÕ°®“°π’È¬—ßæ∫«à“‰¥«“‡≈π∑å·§∑‰ÕÕÕπ 2 ™π‘¥
(CaCl2 ·≈– MgCl2) ‰¡à¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß·≈∫‡ø® ß“π«‘®—¬π’È∫àß™’È«à“·≈∫‡ø®À≈“¬™π‘¥
 “¡“√∂∂Ÿ°·¬°‰¥â®“°º≈‘µ¿—≥±åÕ“À“√ª≈“À¡—° ´÷Ëß°“√«‘‡§√“–Àå∑“ß —≥∞“π«‘∑¬“·≈–™’«‚¡‡≈°ÿ≈ “¡“√∂
· ¥ß„Àâ‡ÀÁπ∂÷ß≈—°…≥–®”‡æ“–¢Õß·≈∫‡ø®π—ÈπÊ ‰¥â

§” ”§—≠: ·≈∫‡ø® ·∫§∑’‡√’¬°√¥·≈§µ‘° º≈‘µ¿—≥±åÕ“À“√ª≈“À¡—° °“√·¬° °“√»÷°…“≈—°…≥–
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Isolation and Characterization of Lactic Acid Bacteria
Phages from Fermented Fish Products in Thailand

Pantipa Jantang1, Onanong Pringsulaka1*, Nuttika Suwannasai1,
Phornthip Suksawat2 and Achariya Rangsiruji1

ABSTRACT

Lactic acid bacteria (LAB) and their phages were isolated from Thai fermented
fish products. From 51 of Thai fermented fish products, 60 isolates of LAB were obtained
and employed as hosts for isolation of phages. There were four different phages, named as
ΦF-42, ΦF-50, ΦF-57 and ΦF-59, which were isolated using four distinctive bacterial hosts,
so-called F42, F50, F57 and F59. These LAB were identified by 16S rDNA sequence analysis,
and BLAST searches against the GenBank database revealed that F42 possessed 100% similarity
to Leuconostoc lactis (GenBank accession number GU125559), F50 possessed 99% similarity
to Leuconostoc mesenteroides subsp. mesenteroides (GenBank accession number GU138559),
and F57 and F59 were found to be Weissella cibaria (GenBank accession number AB494716)
with 100% similarities. All phages of these LAB produced clear plaques, thus indicating their
virulent characteristics. Electron micrographs revealed that these four phages belonged to two
morphological families. Phages ΦF-42 and ΦF-50 were found to have hexagonal heads (82 nm
and 64 nm in diameter, respectively) and long noncontractile tails (182 nm and 327 nm in
length, respectively), indicating that they belonged to Siphoviridae family. Moreover, phages
ΦF-57 and ΦF-59 were shown to have hexagonal heads (94 Ó 44 nm and 96 Ó 43 nm in
diameter, respectively) and short noncontractile tails (31 nm and 23 nm in length, respectively),
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suggesting that they belonged to Podoviridae family. The host-range determination revealed
that these phages were incapable of cross-infection, with the exception of ΦF-59 which was able
to infect the tested Weissella cibaria N22. In addition, the DNA isolated from these four
phages were characterized using restriction enzyme analysis which showed that the restriction
fragments of ΦF-42, ΦF-50, ΦF-57 and ΦF-59 phages were different. Furthermore, the presence
of divalent cations (CaCl2 and MgCl2) was not found to affect phage adsorption. This study
showed that a variety of LAB phages could be isolated from fermented fish products and
morphological and molecular characterizations suggested their distinctive properties.

Keywords: LAB phage, lactic acid-producing bacteria, fermented fish products, isolation,
characterization
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∫∑π”
ªí®®ÿ∫—πÕ“À“√À¡—°¢Õß‰∑¬ ‡™àπ ·Àπ¡ ‰ â°√Õ°‡ª√’È¬« ·≈– ª≈“√â“ ‰¥â√—∫§«“¡π‘¬¡®“°

ºŸâ∫√‘‚¿§Õ¬à“ß·æ√àÀ≈“¬ ∑”„Àâ‡°‘¥°“√º≈‘µ Ÿà√–¥—∫°÷ËßÕÿµ “À°√√¡·≈–√–¥—∫Õÿµ “À°√√¡¡“°¢÷Èπ ‚¥¬æ∫«à“
Õ“À“√À¡—°‡À≈à“π’È¡—°„™â·∫§∑’‡√’¬°√¥·≈§µ‘° (Lactic acid bacteria; LAB) ∑’Ë¡’Õ¬Ÿàµ“¡∏√√¡™“µ‘„π
°“√À¡—° °“√æ—≤π“°√–∫«π°“√º≈‘µÕ“À“√À¡—° “¡“√∂Õ“»—¬‡∑§‚π‚≈¬’™’«¿“æ‰¥â Õ“∑‘ °“√„™âÀ—«‡™◊ÈÕ
·∫§∑’‡√’¬°√¥·≈§µ‘°∫√‘ ÿ∑∏‘Ï Õ¬à“ß‰√°Áµ“¡æ∫«à“º≈‘µ¿—≥±å∑’Ë‰¥â®“°°“√À¡—°Õ“®®–¡’°≈‘ËπÀ√◊Õ√ ∑’Ë‡ª≈’Ë¬π
‰ª®“°‡¥‘¡ ´÷Ëß àßº≈„ÀâºŸâº≈‘µ¡—°®–¬—ß§ßπ‘¬¡„™â·∫§∑’‡√’¬º≈‘µ°√¥·≈§µ‘°∑’Ë¡’Õ¬Ÿà„π∏√√¡™“µ‘ À√◊Õ
·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë¡’Õ¬Ÿà„π«—µ∂ÿ¥‘∫‡ªìπÀ—«‡™◊ÈÕ„π°√–∫«π°“√À¡—°¡“°°«à“∑’Ë®–„™âÀ—«‡™◊ÈÕ·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ï
®÷ßæ∫ªí≠À“∑—Èß„π¥â“π√–¬–‡«≈“∑’Ë„™â„π°“√À¡—°§àÕπ¢â“ßπ“π º≈‘µ¿—≥±å∑’Ë‰¥â¡’§ÿ≥¿“æ‰¡à§ß∑’Ë ·≈–æ∫°“√
ªπ‡ªóôÕπ¢Õß®ÿ≈‘π∑√’¬å∑’Ë‰¡àµâÕß°“√„πº≈‘µ¿—≥±å ‡™àπ Salmonella spp., Staphylococcus aureus,
Listeria monocytogenes ‡ªìπµâπ [1]

πÕ°®“°ªí≠À“ ”§—≠‡°’Ë¬«°—∫°“√À¡—°‚¥¬„™â·∫§∑’‡√’¬°√¥·≈§µ‘°¥—ß°≈à“«¢â“ßµâπ „πß“π«‘®—¬
∑’Ë¡’°“√µ’æ‘¡æå„πµà“ßª√–‡∑»æ∫«à“°“√µ‘¥‡™◊ÈÕ·∫§∑’√‘‚Õ‡ø® (bacteriophage) À√◊Õ‡ø® (phage) ´÷Ëß‡ªìπ
‰«√— ∑’Ë¡’·∫§∑’‡√’¬‡ªìπ‚Œ ∑åπ—Èπ ‡ªìπªí≠À“ ”§—≠Õ¬à“ß¬‘Ëß„π°“√º≈‘µÕ“À“√À¡—°„π·µà≈–ª√–‡∑» ‚¥¬‡ø®
¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘° À√◊Õ·≈∫‡ø®  “¡“√∂æ∫‰¥â„π ‘Ëß·«¥≈âÕ¡∑’Ë¡’·∫§∑’‡√’¬∑’Ë‡ªìπ‚Œ ∑åÕ“»—¬Õ¬Ÿà
°“√µ‘¥‡™◊ÈÕ¢Õß‡ø®„π·∫§∑’‡√’¬°√¥·≈§µ‘°π—Èπ°àÕ„Àâ‡°‘¥º≈‡ ’¬„πÕÿµ “À°√√¡Õ“À“√À¡—°Õ¬à“ß¡“° ‡™àπ
„πÕÿµ “À°√√¡º≈‘µ¿—≥±åπ¡À¡—° ‚¥¬æ∫«à“‡ø®®–ªπ‡ªóôÕπ¡“®“°π¡¥‘∫∑’Ë¬—ß‰¡àºà“π°“√¶à“‡™◊ÈÕ [2] ·≈–
æ∫«à“°“√æ“ ‡®Õ√å‰√´å (pasteurization) π—Èπ‰¡à‡æ’¬ßæÕ„π°“√¬—∫¬—ÈßÕπÿ¿“§‰«√—  [3, 4] πÕ°®“°π’È°“√„™â
À—«‡™◊ÈÕ (starter cultures) ‡¥‘¡µ≈Õ¥®–‡ªìπ‚Œ ∑å∑’Ë¥’„π°“√‡æ‘Ë¡®”π«π¢Õß‡ø® [5, 6] ÷́Ëß‡¡◊ËÕÀ—«‡™◊ÈÕ¡’°“√
µ‘¥‡™◊ÈÕ¥â«¬‡ø®®–∑”„Àâ°“√ √â“ß°√¥·≈§µ‘°‡°‘¥™â“ ·≈–Õ“®∑”„Àâ°“√À¡—°≈â¡‡À≈« [7] ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß
Õ“®∑”„ÀâÀ—«‡™◊ÈÕ Ÿ≠‡ ’¬§ÿ≥¿“æ·≈–‰¡à “¡“√∂‡æ‘Ë¡¡Ÿ≈§à“¢Õßº≈‘µ¿—≥±å‰¥âÕ’°µàÕ‰ª [L1]

®“°§«“¡ ”§—≠¥—ß°≈à“« ‚§√ß°“√«‘®—¬π’È®÷ß‡πâπ°“√»÷°…“·≈∫‡ø®∑’Ë·¬°®“°Õ“À“√ª≈“À¡—°¢Õß
ª√–‡∑» ‚¥¬∑”°“√§—¥·¬°·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë‡ªìπ‚Œ ∑å®“°Õ“À“√ª≈“À¡—°∑’Ë¡“®“°·À≈àßµà“ßÊ
®“°π—Èπ∑”°“√·¬°·≈∫‡ø®®“°Õ“À“√™π‘¥‡¥’¬«°—π ‚¥¬§“¥«à“¢âÕ¡Ÿ≈∑’Ë‰¥â®–∑”„Àâ∑√“∫∂÷ß°“√ªπ‡ªóôÕπ¢Õß
·≈∫‡ø®„πÕ“À“√ª≈“À¡—°¢Õßª√–‡∑» ·≈– “¡“√∂µàÕ¬Õ¥„π°“√æ—≤π“«‘∏’°“√‡°Á∫√—°…“À—«‡™◊ÈÕ √«¡∑—Èß
°“√§«∫§ÿ¡°“√º≈‘µ„Àâª√“»®“°°“√ªπ‡ªóôÕπ®“°·≈∫‡ø®

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

º≈‘µ¿—≥±åÕ“À“√ª≈“À¡—°®“°¿“§°≈“ß ¿“§‡Àπ◊Õ ·≈–¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ∑—ÈßÀ¡¥ 51
µ—«Õ¬à“ß ∂Ÿ°π”¡“„™â·¬°·∫§∑’‡√’¬º≈‘µ°√¥·≈§µ‘° ‚¥¬„™â loop ·µ–∫√‘‡«≥µà“ßÊ ¢Õßº≈‘µ¿—≥±åÕ“À“√
ª≈“À¡—° π”¡“ streak ≈ß∫πÕ“À“√ MRS agar (Oxoid Ltd., Basingstoke, United Kingdom) ∑’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®“°≈—°…≥–∑“ß —≥∞“π«‘∑¬“ √Ÿª√à“ß °“√‰¡à √â“ß‡Õπ‰´¡å
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§–µ–‡≈  ·≈–®—¥®”·π°„π√–¥—∫®’π— ‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’ ‰¥â·°à §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë
Õÿ≥À¿Ÿ¡‘ 10, 30 ·≈– 45 Õß»“‡´≈‡ ’́¬  §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë ¿“«–§à“§«“¡‡ªìπ°√¥¥à“ß 4.4,
6.5 ·≈– 9.6 §«“¡ “¡“√∂„π°“√‡®√‘≠∑’Ë ¿“«–∑’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‚¥¬»÷°…“≈”¥—∫
‡∫ „π∫√‘‡«≥ 16S rDNA ‚¥¬°“√ °—¥¥’‡ÕÁπ‡Õ¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘° µ“¡«‘∏’°“√¢Õß Lu ·≈–§≥–
[9] ·≈â«π” DNA ∑’Ë °—¥‰¥â¡“‡ªìπ template „π°“√∑” Polymerase Chain Reaction (PCR) ‡æ◊ËÕ‡æ‘Ë¡
®”π«π™‘Èπ¥’‡ÕÁπ‡Õ∫√‘‡«≥ 16S rDNA ¢Õß·∫§∑’‡√’¬ ‚¥¬„™â primers ∑’Ë¡’≈”¥—∫‡∫ ¥—ßπ’È [10]

Forward primer (8-27f) : 5′ AGAGTTTGATC(A/C)TGGCTCAG 3′

Reverse primer (1525r) : 5′ TACGG(C/T)TACCTTGTTACGACTT 3′

®“°π—Èπ∑”°“√º ¡ “√µà“ßÊ ∑’Ë„™â„π°“√∑” PCR ·≈â«π”‰ª‡¢â“‡§√◊ËÕß Authorized Thermal
Cycler (Eppendorf, USA) ‚¥¬°”Àπ¥Õÿ≥À¿Ÿ¡‘·≈–‡«≈“ ”À√—∫‡æ‘Ë¡®”π«π™‘Èπ¥’‡ÕÁπ‡Õ∫√‘‡«≥ 16S
rDNA µ“¡«‘∏’°“√¢Õß Björkroth ·≈–§≥– [11] 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
FAVORGEN GEL/PCR PURIFICATION kit (Flavogen Biotech Corp, Taiwan) ·≈â«π”™‘Èπ
¥’‡ÕÁπ‡Õ∑’Ë‰¥â‰ªÀ“≈”¥—∫‡∫ ∫√‘‡«≥ 16S rDNA 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®“°·À≈àß‡¥’¬«°—π‡ªìπ‚Œ ∑å
‡µ√’¬¡‡´≈≈å·¢«π≈Õ¬¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘°‚¥¬„Àâ¡’§à“ OD600 ‡∑à“°—∫ 0.6 (ª√–¡“≥ 1 Ó 108

CFU/ml) ¥Ÿ¥¡“ 1 ¡‘≈≈‘≈‘µ√ „ à≈ß„πÕ“À“√ MRS broth (Oxoid Ltd., Basingstoke, United Kingdom)
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„ àº≈‘µ¿—≥±åÕ“À“√ª≈“À¡—°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« 4,025 Óg ‡ªìπ‡«≈“ 10 π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  π” à«π„ ¡“°√Õßºà“π·ºàπ°√Õß¢π“¥ 0.45 ‰¡‚§√‡¡µ√ ·≈–π”¡“«‘‡§√“–Àå
¢—ÈπµàÕ‰ª«à“¡’·≈∫‡ø®Õ¬ŸàÀ√◊Õ‰¡à [12, 13]

°“√µ√«® Õ∫·≈∫‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ
π” à«π„ ∑’Ë‰¥â®“°°“√°√Õßºà“π·ºàπ°√Õß¢π“¥ 0.45 ‰¡‚§√‡¡µ√ ®“°¢—ÈπµÕπ¢â“ßµâπ ª√‘¡“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“√·¢Áß MRS
agar π”‰ª∫à¡„π candle jar ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß µ√«® Õ∫«ß„ À√◊Õæ≈“§
(plaque) ∑’Ë‡°‘¥¢÷Èπ [14]
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°“√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)
´÷Ëß§”π«≥‰¥â®“° Ÿµ√ [15]

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

ª√‘¡“≥‡ø®∑’Ë„™â Ó §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 Óg ‡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≈ 8000 (Polyethylene glycol 8000)
√âÕ¬≈– 10 (πÈ”Àπ—°µàÕª√‘¡“µ√) ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«π”‰ªªíòπ
‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 21,952 Óg ‡ªìπ‡«≈“ 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·¬° à«ππÈ”„ ∑‘Èß ·≈–
π”·≈∫‡ø®∑’Ëµ°µ–°Õπ‰¥â¡“µ√«® Õ∫∑“ß —≥∞“π«‘∑¬“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π
(√ÿàπ JEM-1010 transmission electron microscope; JEOL, Japan) [15-17]

°“√»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° ªï™’ åÕ◊Ëπ·≈–®’π— Õ◊Ëπ
π”‡´≈≈å·¢«π≈Õ¬¢Õß·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ∑’Ë®–∑¥ 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, Leuonostoc (Leu.)
mesenteroides JCM 6124, Pediococcus (P.) pentosaceus JCM 5885, P. pentosaceus JCM
5890, Streptococcus salivarius JCM 57007 ·≈–·∫§∑’‡√’¬°√¥·≈§µ‘° 17 ‰Õ‚´‡≈∑ ∑’Ë·¬°‰¥â®“°
°“√∑¥≈Õß¢â“ßµâπ·≈–¡’§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’∑’Ë·µ°µà“ß°—π §«“¡‡¢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◊Ëπ
À√◊Õ®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫ ¥â«¬°“√‡°‘¥æ≈“§∫√‘‡«≥∑’ËÀ¬¥·≈∫‡ø®≈ß‰ª [12, 13]
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°“√ °—¥¥’‡ÕÁπ‡Õ¢Õß·≈∫‡ø®
∑”°“√‡æ‘Ë¡®”π«π·≈∫‡ø®ª√–¡“≥ 100 plates À≈—ß®“°∫à¡‰«â‡ªìπ‡«≈“ 16-24 ™—Ë«‚¡ß ®π¡’

æ≈“§‡°‘¥¢÷Èπ·≈â«„Àâ‡∑∑—∫Àπâ“Õ“À“√¥â«¬ MRS broth ª√‘¡“µ√ 5 ¡‘≈≈‘≈‘µ√ µ—Èß∑‘Èß‰«âª√–¡“≥ 2-5 ™—Ë«‚¡ß
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß À≈—ß®“°π—Èππ”‰ªµ°µ–°Õπ‡æ◊ËÕ·¬°‡´≈≈å∑’Ë‰¡àµâÕß°“√ÕÕ° ‚¥¬ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
4,025 Óg ‡ªìπ‡«≈“ 10 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·¬°‡Õ“ à«ππÈ”„  ÷́Ëß¡’·≈∫‡ø®¡“‡µ‘¡ DNase I
1 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ·≈– RNase A 10 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“
30 π“∑’ ‡µ‘¡‡°≈◊Õ„Àâ¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬‡ªìπ 1 ‚¡≈“√å π”‰ª·™àπÈ”·¢Áß‡ªìπ‡«≈“ 30 π“∑’ ‡µ‘¡æÕ≈’‡Õ∏‘≈’π-
‰°≈§Õ≈ 8000 √âÕ¬≈– 10 (πÈ”Àπ—°µàÕª√‘¡“µ√) ≈–≈“¬„Àâ‡¢â“°—π ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ∑”°“√µ°µ–°Õπ·≈∫‡ø® ‚¥¬ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 21,952 Óg ‡ªìπ‡«≈“ 30 π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  π”µ–°Õπ·≈∫‡ø®∑’Ë‰¥â¡“≈–≈“¬„π TE buffer (pH 8.0) 500 ‰¡‚§√≈‘µ√
‡µ‘¡§≈Õ‚√øÕ√å¡ 500 ‰¡‚§√≈‘µ√ ‡æ◊ËÕ·¬°æÕ≈’‡Õ∏‘≈’π‰°≈§Õ≈ÕÕ° º ¡„Àâ‡¢â“°—ππ”‰ªªíòπ‡À«’Ë¬ß∑’Ë
§«“¡‡√Á« 4,025 Óg ‡ªìπ‡«≈“ 5 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·¬° à«ππÈ”™—Èπ∫ππ”¡“‡µ‘¡ sodium
dodecyl sulfate √âÕ¬≈– 10 (πÈ”Àπ—°µàÕª√‘¡“µ√) º ¡„Àâ‡¢â“°—π·≈â«∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 68 Õß»“‡´≈‡´’¬ 
‡ªìπ‡«≈“ 10 π“∑’ ®“°π—Èπ‡µ‘¡‡°≈◊Õ§«“¡‡¢â¡¢âπ 5 ‚¡≈“√å ª√‘¡“µ√ 10 ‰¡‚§√≈‘µ√ º ¡„Àâ‡¢â“°—π ‡µ‘¡
øïπÕ≈ 500 ‰¡‚§√≈‘µ√ π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 4,025 Óg ‡ªìπ‡«≈“ 5 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬ 
·¬° à«π„ ¥â“π∫π¡“‡µ‘¡ “√≈–≈“¬øïπÕ≈µàÕ§≈Õ‚√øÕ√å¡ (Õ—µ√“ à«π 1 µàÕ 1) π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«
4,025 Óg ‡ªìπ‡«≈“ 5 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ·≈â«∑”´È”Õ’°§√—ÈßÀπ÷Ëß ®“°π—Èπ·¬° à«π„ 
¥â“π∫π¡“‡µ‘¡‚´‡¥’¬¡Õ–´‘‡µ∑ 3 ‚¡≈“√å „πÕ—µ√“ à«πª√‘¡“µ√ 1 µàÕ 10 ·≈–‡Õ∑“πÕ≈√âÕ¬≈– 95
(∑’Ë·™à‡¬Áπ) 1 ¡‘≈≈‘≈‘µ√ ·≈â«π”‰ª·™à„πµŸâ -70 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30 π“∑’ π”¡“ªíòπ‡À«’Ë¬ß§«“¡‡√Á«
21,952 Óg ‡ªìπ‡«≈“ 10 π“∑’ ≈â“ß¥’‡ÕÁπ‡ÕÕ’°§√—Èß¥â«¬‡Õ∑“πÕ≈√âÕ¬≈– 70 ª√‘¡“µ√ 1 ¡‘≈≈‘≈‘µ√ ¥Ÿ¥
‡Õ∑“πÕ≈∑‘Èß ®“°π—Èππ”‰ª√–‡À¬‡Õ∑“πÕ≈ÕÕ°„π vacuum chamber ≈–≈“¬¥’‡ÕÁπ‡Õ¢Õß·≈∫‡ø®¥â«¬
TE buffer (pH 8.0) 30-50 ‰¡‚§√≈‘µ√ ·≈â«π”¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â¡“«‘‡§√“–Àå¥â«¬«‘∏’Õ‘‡≈Á°‚∑√‚ø‡√´‘  [17]

°“√µ—¥¥’‡ÕÁπ‡Õ¢Õß·≈∫‡ø®¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–
π”¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–™π‘¥µà“ßÊ (EcoRI, BglII, BamHI, PstI,

HindIII, EcoRV, SacI, MluI ·≈– NdeI) ‚¥¬‡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

°“√»÷°…“º≈‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß·≈∫‡ø®
π”‡™◊ÈÕ·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë¡’ª√‘¡“≥‡´≈≈å‡∑à“°—∫ 1 Ó 108 CFU/ml ¡“∑”°“√µ‘¥‡™◊ÈÕ¥â«¬

·≈∫‡ø®„πÕ“À“√ MRS broth ∑’Ë¡’·§≈‡ ’́¬¡§≈Õ‰√¥å À√◊Õ·¡°π’‡´’¬¡§≈Õ‰√¥å§«“¡‡¢â¡¢âπ 0, 10, 20
·≈– 30 ¡‘≈≈‘‚¡≈“√å ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ®“°π—Èπ‡°Á∫µ—«Õ¬à“ß¡“ 0.5 ¡‘≈≈‘≈‘µ√ π”‰ª°√Õß
ºà“π·ºàπ°√Õß¢π“¥ 0.45 ‰¡‚§√‡¡µ√ ·≈–π”‰ªÀ“ª√‘¡“≥‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ ·≈–
„™â‡ø®„πÕ“À“√ MRS broth ∑’Ë‰¡à¡’‡´≈≈å·∫§∑’‡√’¬°√¥·≈§µ‘°‡ªìπµ—«§«∫§ÿ¡ (ª√‘¡“≥‡ø®‡√‘Ë¡µâπ) ‚¥¬
§”π«≥√âÕ¬≈–¢Õß°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø®®“° Ÿµ√ [9]
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√âÕ¬≈–¢Õß°“√‡¢â“‡°“–µ‘¥¢Õß‡ø® =  (ª√‘¡“≥‡ø®‡√‘Ë¡µâπ›ª√‘¡“≥‡ø®∑’Ë‡À≈◊Õ) 
Ó 100

ª√‘¡“≥‡¿ø®‡√‘Ë¡µâπ

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

®“°°“√§—¥·¬°·∫§∑’‡√’¬®“°µ—«Õ¬à“ßº≈‘µ¿—≥±åÕ“À“√ª≈“À¡—° ®”π«π 51 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, 30 ·≈– 45 Õß»“‡´≈‡ ’́¬  §«“¡ “¡“√∂„π°“√
‡®√‘≠∑’Ë ¿“«–§à“§«“¡‡ªìπ°√¥¥à“ß 4.4, 6.5 ·≈– 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¡¥ 60 ‰Õ‚´‡≈∑ ‚¥¬¡’√Ÿª√à“ß‡ªìπ∑àÕπ 38 ‰Õ‚´‡≈∑ ·≈–√Ÿª‰¢à 22
‰Õ‚´‡≈∑

°“√·¬°·≈∫‡ø®‚¥¬„™â·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë·¬°‰¥â®“°·À≈àß‡¥’¬«°—π‡ªìπ‚Œ ∑å
π”·∫§∑’‡√’¬°√¥·≈§µ‘°∑—ÈßÀ¡¥ 60 ‰Õ‚´‡≈∑ ¡“∑”°“√·¬°·≈∫‡ø® ·≈–π”¡“µ√«® Õ∫

·≈∫‡ø®‚¥¬„™â‡∑§π‘§°“√∑”Õ“À“√«ÿâπ Õß™—Èπ æ∫«à“ “¡“√∂·¬°·≈∫‡ø®‰¥â 4 µ—« §◊Õ ΦF-42, ΦF-50,
ΦF-57 ·≈– ΦF-59 ´÷Ëß‚Œ ∑å¢Õß‡ø®‡À≈à“π’È §◊Õ F42, F50, F57 ·≈– F59 µ“¡≈”¥—∫ ‡¡◊ËÕπ”‚Œ ∑å
¡“®—¥®”·π°‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’·≈–»÷°…“≈”¥—∫‡∫ ∫√‘‡«≥ 16S rDNA æ∫«à“‚Œ ∑å F42 ¡’
§«“¡§≈â“¬§≈÷ß°—∫ Leuconostoc lactis √âÕ¬≈– 100 ‚Œ ∑å F50 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Leuconostoc
mesenteroides subsp. mesenteroides √âÕ¬≈– 99  à«π‚Œ ∑å F57 ·≈– F59 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Weissella
cibaria √âÕ¬≈– 100

 ”À√—∫≈—°…≥–∑—Ë«‰ª¢Õß·≈∫‡ø®∑—Èß 4 µ—« æ∫«à“¡’æ≈“§¢π“¥‡≈Á°‚¥¬¡’‡ âπºà“π»Ÿπ¬å°≈“ß
‡©≈’Ë¬Õ¬Ÿà„π™à«ß 0.5-1.0 ¡‘≈≈‘‡¡µ√ ·≈–‡¡◊ËÕ»÷°…“√Ÿª√à“ß¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕßºà“π
æ∫«à“ ·≈∫‡ø®∑—ÈßÀ¡¥¡’À—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡ ¡’ à«πÀ“ß∑’Ë¡’§«“¡¬“«·µ°µà“ß°—π ´÷Ëß “¡“√∂·¬°ÕÕ°‰¥â
‡ªìπ 2 °≈ÿà¡ °≈ÿà¡·√° §◊Õ ‡ø® ΦF-42 ·≈–‡ø® ΦF-50  à«πÀ—«¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 82 ·≈– 64
π“‚π‡¡µ√ µ“¡≈”¥—∫ ·≈– à«πÀ“ß¬“«‰¡à “¡“√∂¬◊¥À¥‰¥â ¢π“¥§«“¡¬“« 182 ·≈– 327 π“‚π‡¡µ√
µ“¡≈”¥—∫ (√Ÿª∑’Ë 1A ·≈– 1B) ®“°≈—°…≥–¥—ß°≈à“« “¡“√∂®—¥®”·π°‡ø®π’ÈÕ¬Ÿà„π·ø¡‘≈’ Siphoviridae
·≈–°≈ÿà¡∑’Ë Õß §◊Õ ‡ø® ΦF-57 ·≈– ΦF-59  à«πÀ—«¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 94 Ó 44 ·≈– 96 Ó 43
π“‚π‡¡µ√ ·≈– à«πÀ“ß —Èπ‰¡à “¡“√∂¬◊¥À¥‰¥â ¢π“¥§«“¡¬“« 31 ·≈– 23 π“‚π‡¡µ√ µ“¡≈”¥—∫
(√Ÿª∑’Ë 1C ·≈– 1D) ®—¥Õ¬Ÿà„π·ø¡‘≈’ Podoviridae
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√Ÿª∑’Ë 1 √Ÿª√à“ß¢Õß·≈∫‡ø®¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ·∫∫ àÕßºà“π, (A) ΦF-42; (B) ΦF-50;
(C) ΦF-57; (D) ΦF-59 (≈Ÿ°»√™’È· ¥ßµ”·Àπàß¢Õß‡ø®)

°“√»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° ªï™’ åÕ◊Ëπ·≈–®’π— Õ◊Ëπ
°“√»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®∑—Èß 4 µ—« „π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿåÕ◊Ëπ·≈–

®’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 ·≈–·∫§∑’‡√’¬
°√¥·≈§µ‘° 17 ‰Õ‚´‡≈∑ ∑’Ë·¬°‰¥â®“°°“√∑¥≈Õß ÷́Ëß¡’§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’∑’Ë·µ°µà“ß°—π æ∫«à“·≈∫‡ø®
∑—Èß 3 µ—« §◊Õ ΦF-42, ΦF-50 ·≈– ΦF-57 ‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘°
 “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫‰¥â ¬°‡«âπ‡ø® ΦF-59 ∑’Ë “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫ W. cibaria
N22 ∑’Ëπ”¡“∑¥ Õ∫‰¥â

°“√µ—¥¥’‡ÕÁπ‡Õ¢Õß·≈∫‡ø®¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–
‡¡◊ËÕπ”·≈∫‡ø® 4 µ—« §◊Õ ΦF-42, ΦF-50, ΦF-57 ·≈– ΦF-59 ¡“∑”°“√ °—¥¥’‡ÕÁπ‡Õ·≈â«

π”¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– 9 ™π‘¥ §◊Õ EcoRI, BglII, BamHI, PstI, HindIII,
EcoRV, SacI, MluI ·≈– NdeI ‡æ◊ËÕµ√«® Õ∫¬◊π¬—π«à“‡ªìπ·≈∫‡ø®™π‘¥‡¥’¬«°—πÀ√◊Õ‰¡à æ∫«à“¥’‡ÕÁπ‡Õ
¢Õß‡ø® ΦF-42 ∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å BamHI, PstI, HindIII, EcoRV, SacI ·≈– MluI ·µà‰¡à∂Ÿ°µ—¥¥â«¬
‡Õπ‰´¡å EcoRI, NdeI ·≈– BglII (√Ÿª∑’Ë 2) ¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-50 ∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å EcoRI,
PstI, HindIII, EcoRV, SacI ·≈– MluI ·µà‰¡à∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å BglII, BamHI ·≈– NdeI (√Ÿª∑’Ë 3)
¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-57 ∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å EcoRI, BglII, BamHI, PstI, HindIII, EcoRV, SacI ·≈–
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MluI ·µà‰¡à∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å NdeI (√Ÿª∑’Ë 4)  à«π¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-59 ∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å EcoRI,
BglII, BamHI, PstI, HindIII, EcoRV, SacI ·≈– MluI ·µà‰¡à∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å NdeI (√Ÿª∑’Ë 5)

√Ÿª∑’Ë 2 ¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-42 À≈—ß°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–, Lambda DNA marker/HindIII
(·∂« 1, 7); BglII (·∂« 2); BamHI (·∂« 3); EcoRV (·∂« 4); MluI (·∂« 5); SacI (·∂« 6);
EcoRI (·∂« 8); NdeI (·∂« 9); HindIII (·∂« 10) ·≈– PstI (·∂« 11)

√Ÿª∑’Ë 3 ¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-50 À≈—ß°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–, Lambda DNA marker/HindIII
(·∂« 1, 7); BglII (·∂« 2); BamHI (·∂« 3); EcoRV (·∂« 4); MluI (·∂« 5); SacI (·∂« 6);
EcoRI (·∂« 8); NdeI (·∂« 9); HindIII (·∂« 10) ·≈– PstI (·∂« 11)
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√Ÿª∑’Ë 4 ¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-57 À≈—ß°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–, Lambda DNA marker/HindIII
(·∂« 1, 3, 9); MluI (·∂« 2); NdeI (·∂« 4); PstI (·∂« 5); BglII (·∂« 6); BamHI
(·∂« 7); EcoRV (·∂« 8); SacI (·∂« 10); HindIII (·∂« 11) ·≈– EcoRI (·∂« 12)

√Ÿª∑’Ë 5 ¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-59 À≈—ß°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–, Lambda DNA marker/HindIII
(·∂« 1, 7); BglII (·∂« 2); BamHI (·∂« 3); EcoRV (·∂« 4); MluI (·∂« 5); SacI (·∂« 6);
EcoRI (·∂« 8); NdeI (·∂« 9); HindIII (·∂« 10) ·≈– PstI (·∂« 11)
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°“√»÷°…“º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß·≈∫‡ø®
®“°°“√»÷°…“º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø®∑—Èß 4 µ—«

‚¥¬°“√π”¡“∑”°“√µ‘¥‡™◊ÈÕ¥â«¬·≈∫‡ø®„πÕ“À“√ MRS broth ∑’Ë¡’ CaCl2 À√◊Õ MgCl2 ∑’Ë§«“¡‡¢â¡¢âπ
0, 10, 20 ·≈– 30 ¡‘≈≈‘‚¡≈“√å æ∫«à“°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø®„πÕ“À“√ MRS broth ∑’Ë¡’ CaCl2
À√◊Õ MgCl2 „Àâº≈‰¡àµà“ß°—π ‚¥¬‡ø® ΦF-42  “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 81, 85,
95 ·≈– 99 „πÕ“À“√ MRS broth ∑’Ë¡’ CaCl2 (√Ÿª∑’Ë 6A) ·≈– “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â
√âÕ¬≈– 81, 85, 95 ·≈– 99 „πÕ“À“√ MRS broth ∑’Ë¡’ MgCl2 (√Ÿª∑’Ë 6B) ‡ø® ΦF-50  “¡“√∂
‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 95, 97, 98 ·≈– 100 „πÕ“À“√ MRS broth ∑’Ë¡’ CaCl2
(√Ÿª∑’Ë 7A) ·≈– “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 95, 97, 98 ·≈– 100 „πÕ“À“√
MRS broth ∑’Ë¡’ MgCl2 (√Ÿª∑’Ë 7B) „π√–¬–‡«≈“ 5, 10, 20 ·≈– 30 π“∑’ µ“¡≈”¥—∫  à«π‡ø® ΦF-57
 “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 80, 93 ·≈– 99 „πÕ“À“√ MRS broth ∑’Ë¡’ CaCl2
(√Ÿª∑’Ë 8A) ·≈– “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 80, 93 ·≈– 99 „πÕ“À“√ MRS broth
∑’Ë¡’ MgCl2 (√Ÿª∑’Ë 8B) ‡ø® ΦF-59  “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 78, 91 ·≈– 99 „π
Õ“À“√ MRS broth ∑’Ë¡’ CaCl2 (√Ÿª∑’Ë 9A) ·≈– “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 78, 91
·≈– 99 „πÕ“À“√ MRS broth ∑’Ë¡’ MgCl2 (√Ÿª∑’Ë 9B) „π√–¬–‡«≈“ 5, 10 ·≈– 20 π“∑’ µ“¡
≈”¥—∫ πÕ°®“°π’È¬—ßæ∫«à“°“√‡¢â“µ‘¥‚Œ ∑å¢Õß·≈∫‡ø®„πÕ“À“√ MRS broth ∑’Ë‰¡à¡’°“√‡µ‘¡ CaCl2 À√◊Õ
MgCl2 °Á„Àâº≈„°≈â‡§’¬ß°—π
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√Ÿª∑’Ë 6 °“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø® ΦF-42 „πÕ“À“√∑’Ë¡’‰¥«“‡≈π∑å·§∑‰ÕÕÕπ‡¢â¡¢âπ 0 ¡‘≈≈‘‚¡≈“√å (◆)
10 ¡‘≈≈‘‚¡≈“√å (▲), 20 ¡‘≈≈‘‚¡≈“√å (●●) ·≈– 30 ¡‘≈≈‘‚¡≈“√å (■)
(A) Õ“À“√ MRS broth ∑’Ë¡’ CaCl2
(B) Õ“À“√ MRS broth ∑’Ë¡’ MgCl2
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√Ÿª∑’Ë 7 °“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø® ΦF-50 „πÕ“À“√∑’Ë¡’‰¥«“‡≈π∑å·§∑‰ÕÕÕπ‡¢â¡¢âπ 0 ¡‘≈≈‘‚¡≈“√å (◆)
10 ¡‘≈≈‘‚¡≈“√å (▲), 20 ¡‘≈≈‘‚¡≈“√å (●●) ·≈– 30 ¡‘≈≈‘‚¡≈“√å (■)
(A) Õ“À“√ MRS broth ∑’Ë¡’ CaCl2
(B) Õ“À“√ MRS broth ∑’Ë¡’ MgCl2
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√Ÿª∑’Ë 8 °“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø® ΦF-57 „πÕ“À“√∑’Ë¡’‰¥«“‡≈π∑å·§∑‰ÕÕÕπ‡¢â¡¢âπ 0 ¡‘≈≈‘‚¡≈“√å (◆)
10 ¡‘≈≈‘‚¡≈“√å (▲), 20 ¡‘≈≈‘‚¡≈“√å (●●) ·≈– 30 ¡‘≈≈‘‚¡≈“√å (■)
(A) Õ“À“√ MRS broth ∑’Ë¡’ CaCl2
(B) Õ“À“√ MRS broth ∑’Ë¡’ MgCl2
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√Ÿª∑’Ë 9 °“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø® ΦF-59 „πÕ“À“√∑’Ë¡’‰¥«“‡≈π∑å·§∑‰ÕÕÕπ‡¢â¡¢âπ 0 ¡‘≈≈‘‚¡≈“√å (◆)
10 ¡‘≈≈‘‚¡≈“√å (▲), 20 ¡‘≈≈‘‚¡≈“√å (●●) ·≈– 30 ¡‘≈≈‘‚¡≈“√å (■)
(A) Õ“À“√ MRS broth ∑’Ë¡’ CaCl2
(B) Õ“À“√ MRS broth ∑’Ë¡’ MgCl2

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
®“°°“√§—¥·¬°·∫§∑’‡√’¬°√¥·≈§µ‘°®“°µ—«Õ¬à“ßº≈‘µ¿—≥±åª≈“À¡—° ®”π«π∑—ÈßÀ¡¥ 51 µ—«Õ¬à“ß

æ∫«à“ “¡“√∂·¬°·∫§∑’‡√’¬°√¥·≈§µ‘°‰¥â∑—ÈßÀ¡¥ 60 ‰Õ‚´‡≈∑ ‚¥¬¡’√Ÿª√à“ß‡ªìπ∑àÕπ 38 ‰Õ‚´‡≈∑ ·≈–
√Ÿª‰¢à 22 ‰Õ‚´‡≈∑ ®“°π—Èππ”·∫§∑’‡√’¬°√¥·≈§µ‘°∑’Ë·¬°‰¥â∑—Èß 60 ‚Õ‚´‡≈∑ ¡“„™â‡ªìπ‚Œ ∑å ”À√—∫·¬°
·≈∫‡ø® æ∫«à“ “¡“√∂·¬°·≈∫‡ø®‰¥â 4 µ—« §◊Õ ΦF-42, ΦF-50, ΦF-57 ·≈– ΦF-59 ÷́Ëß‚Œ ∑å¢Õß
‡ø®‡À≈à“π’È §◊Õ F42, F50, F57 ·≈– F59 µ“¡≈”¥—∫ ‡¡◊ËÕπ”‚Œ ∑å¡“®—¥®”·π°‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ß
™’«‡§¡’·≈–»÷°…“≈”¥—∫‡∫ ∫√‘‡«≥ 16S rDNA æ∫«à“‚Œ ∑å F42 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Leuconostoc
lactis √âÕ¬≈– 100 ‚Œ ∑å F50 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Leuconostoc mesenteroides subsp. mesenteroides
√âÕ¬≈– 99 ‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß°àÕπÀπâ“π’Èæ∫«à“ “¡“√∂·¬°‡™◊ÈÕ Leuconostoc sp. ‰¥â®“°·À≈àß
µà“ßÊ ‡™àπ ª≈“√â“ [18] ‡ªìπµâπ  à«π‚Œ ∑å F57 ·≈– F59 ¡’§«“¡§≈â“¬§≈÷ß°—∫ Weissella cibaria
√âÕ¬≈– 100

‡¡◊ËÕπ”·≈∫‡ø®∑—Èß 4 µ—« ¡“»÷°…“≈—°…≥–¢Õßæ≈“§ æ∫«à“·≈∫‡ø®∑—Èß 4 µ—« ¡’≈—°…≥–¢Õß
æ≈“§„  ·≈–¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß‡©≈’Ë¬Õ¬Ÿà„π™à«ß 0.5-1.0 ¡‘≈≈‘‡¡µ√ · ¥ß«à“‡ø®∑—Èß 4 µ—«‡ªìπ
‰«√Ÿ‡√π∑å‡ø® ·≈–‡¡◊ËÕ»÷°…“√Ÿª√à“ß¢Õß‡ø®¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕßºà“π æ∫«à“·≈∫‡ø®
∑—ÈßÀ¡¥¡’À—«‡ªìπ√ŸªÀ°‡À≈’Ë¬¡ ¡’ à«πÀ“ß∑’Ë¡’§«“¡¬“«·µ°µà“ß°—π ´÷Ëß “¡“√∂·¬°ÕÕ°‰¥â‡ªìπ 2 °≈ÿà¡
°≈ÿà¡·√° §◊Õ ‡ø® ΦF-42 ·≈–‡ø® ΦF-50  à«πÀ—«¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 82 ·≈– 64 π“‚π‡¡µ√
µ“¡≈”¥—∫ ·≈– à«πÀ“ß¬“«‰¡à “¡“√∂¬◊¥À¥‰¥â ¢π“¥§«“¡¬“« 182 ·≈– 327 π“‚π‡¡µ√ µ“¡≈”¥—∫
®“°≈—°…≥–¥—ß°≈à“« “¡“√∂®—¥®”·π°‡ø®π’ÈÕ¬Ÿà„π·ø¡‘≈’ Siphoviridae Õ¬à“ß‰√°Á¥’ ‡ø® ΦF-42 ·≈–
‡ø® ΦF-50 ∑’Ëæ∫„πß“π«‘®—¬π’È¡’√Ÿª√à“ß·µ°µà“ß®“°·≈∫‡ø®„π°≈ÿà¡·ø¡‘≈’ Siphoviridae ∑’Ë·¬°‰¥â®“°
·∫§∑’‡√’¬°√¥·≈§µ‘°Õ◊ËπÊ ‡™àπ ‡ø® ggg [19] ∑’Ë¡’À—«¢π“¥ 50 π“‚π‡¡µ√ ·≈–À“ß¬“« 125 π“‚π‡¡µ√
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 à«π°≈ÿà¡∑’Ë Õß §◊Õ ‡ø® ΦF-57 ·≈– ΦF-59  à«πÀ—«¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 94 Ó 44 ·≈– 96 Ó 43
π“‚π‡¡µ√ ·≈– à«πÀ“ß —Èπ‰¡à “¡“√∂¬◊¥À¥‰¥â ¢π“¥§«“¡¬“« 31 ·≈– 23 π“‚π‡¡µ√ µ“¡≈”¥—∫
¥—ßπ—Èπ®÷ß®—¥Õ¬Ÿà„π·ø¡‘≈’ Podoviridae ·µà‡ø® ΦF-57 ·≈– ΦF-59 π’È¡’√Ÿª√à“ß·µ°µà“ß®“°·≈∫‡ø®„π
°≈ÿà¡·ø¡‘≈’ Podoviridae ∑’Ë·¬°‰¥â®“°·∫§∑’‡√’¬°√¥·≈§µ‘°Õ◊ËπÊ ‡™àπ ‡ø® P369 [20] ∑’Ë¡’À—«¢π“¥
57 Ó 40 π“‚π‡¡µ√ ·≈–À“ß¬“« 19 π“‚π‡¡µ√ ·≈–·≈∫‡ø® à«π„À≠à∑’Ë‡§¬¡’√“¬ß“π®–æ∫Õ¬Ÿà„π·ø¡‘≈’
Siphoviridae ·µà∑’Ëæ∫®—¥Õ¬Ÿà„π·ø¡‘≈’ Podoviridae ¡’πâÕ¬°«à“√âÕ¬≈– 1 ·≈– à«π„À≠à®–‡ªìπ lactococcal
phages [21] ‡¡◊ËÕπ”·≈∫‡ø®∑—Èß 4 µ—« ¡“»÷°…“ ¡∫—µ‘¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘°
 “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ æ∫«à“·≈∫‡ø®∑—Èß 3 µ—« §◊Õ ΦF-42, ΦF-50 ·≈– ΦF-57 ‰¡à “¡“√∂∑”„Àâ‡°‘¥
°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘° “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ∑’Ëπ”¡“∑¥ Õ∫‰¥â ¬°‡«âπ‡ø® ΦF-59 ∑’Ë “¡“√∂
∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ°—∫ W. cibaria N22 ∑’Ëπ”¡“∑¥ Õ∫‰¥â §ÿ≥ ¡∫—µ‘°“√¡’‚Œ ∑å-‡√π®å·§∫¢Õß·≈∫‡ø®
∑’Ë·¬°‰¥â®“°°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Patarasmpiboon (2009) [22] ∑’Ë‰¥â»÷°…“§ÿ≥ ¡∫—µ‘
¢Õß·≈∫‡ø®„π°“√µ‘¥‡™◊ÈÕ°—∫·∫§∑’‡√’¬°√¥·≈§µ‘§ “¬æ—π∏ÿåÕ◊Ëπ·≈–®’π— Õ◊Ëπ ´÷Ëßæ∫«à“‡ø® Φ22b ·≈–
Φ22s ‰¡à “¡“√∂∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ Weissella  ªï™’ åÕ◊Ëπ À√◊Õ·∫§∑’‡√’¬°√¥·≈§µ‘°®’π— Õ◊Ëπ‰¥â

‡¡◊ËÕπ”·≈∫‡ø® 4 µ—« §◊Õ ΦF-42, ΦF-50, ΦF-57 ·≈– ΦF-59 ¡“∑”°“√ °—¥¥’‡ÕÁπ‡Õ·≈â«π”
¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– 9 ™π‘¥ §◊Õ EcoRI, BglII, BamHI, PstI, HindIII, EcoRV,
SacI, MluI ·≈– NdeI ‡æ◊ËÕµ√«® Õ∫¬◊π¬—π«à“‡ªìπ·≈∫‡ø®™π‘¥‡¥’¬«°—πÀ√◊Õ‰¡à æ∫«à“¥’‡ÕÁπ‡Õ¢Õß‡ø®
ΦF-42 ¡’∫√‘‡«≥µ—¥®”‡æ“–¥â«¬‡Õπ‰´¡å BamHI, PstI, HindIII, EcoRV, SacI ·≈– MluI  à«π
¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-50 ¡’∫√‘‡«≥µ—¥®”‡æ“–¥â«¬‡Õπ‰´¡å EcoRI, PstI, HindIII, EcoRV, SacI ·≈–
MluI πÕ°®“°π’È¥’‡ÕÁπ‡Õ¢Õß‡ø® ΦF-57 ·≈– ΦF-59 ¡’∫√‘‡«≥µ—¥®”‡æ“–¥â«¬‡Õπ‰´¡å EcoRI, BglII,
BamHI, PstI, HindIII, EcoRV, SacI ·≈– MluI ·µà‡π◊ËÕß®“°√Ÿª·∫∫¥’‡ÕÁπ‡Õ¢Õß‡ø®∑—Èß 2 µ—« À≈—ß®“°
µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–π—Èπµà“ß°—π ®÷ß· ¥ß„Àâ‡ÀÁπ«à“‡ø®∑—Èß 2 µ—« ¡’∫√‘‡«≥µ—¥®”‡æ“–¥â«¬‡Õπ‰´¡å
EcoRI, BglII, BamHI, PstI, HindIII, EcoRV, SacI ·≈– MluI µà“ß°—π ®“°º≈°“√«‘‡§√“–Àå√Ÿª·∫∫
¥’‡ÕÁπ‡Õ¢Õß·≈∫‡ø®·µà≈–µ—«À≈—ß®“°µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–∑—Èß 9 ™π‘¥π—Èπ æ∫«à“·µ°µà“ß°—π ®÷ß¬◊π¬—π
‰¥â«à“‡ªìπ·≈∫‡ø®µà“ß™π‘¥°—π πÕ°®“°π’È¥’‡ÕÁπ‡Õ¢Õß‡ø®∑—Èß 4 µ—« ·¡â∂Ÿ°µ—¥¥â«¬‡Õπ‰´¡å∑’Ë°≈à“«¡“¢â“ßµâπ
·µà·∂∫¥’‡ÕÁπ‡Õ∑’Ëª√“°Ø¬—ß·¬°‰¥â‰¡à™—¥‡®π (¡’≈—°…≥–¢Õß smear bands ª√“°ØÕ¬Ÿà) ®÷ß§«√‡≈◊Õ°„™â
‡Õπ‰´¡åµ—¥®”‡æ“–™π‘¥Õ◊Ëπ∑’Ë‡À¡“– ¡µàÕ‰ª

®“°°“√»÷°…“º≈¢Õß‰¥«“‡≈π∑å·§∑‰ÕÕÕπ∑’Ë¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß·≈∫‡ø® æ∫«à“
°“√‡¢â“‡°“–µ‘¥‚Œ ∑å¢Õß‡ø®„πÕ“À“√ MRS broth ∑’Ë¡’ CaCl2 À√◊Õ MgCl2 (10, 20 ·≈– 30 ¡‘≈≈‘‚¡≈“√å)
„Àâº≈‰¡àµà“ß°—π ‚¥¬‡ø® ΦF-42 ·≈– ΦF-50  “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 99
·≈– 100 „π√–¬–‡«≈“ 30 π“∑’  à«π‡ø® ΦF-57 ·≈– ΦF-59  “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â
√âÕ¬≈– 99 „π√–¬–‡«≈“ 20 π“∑’ ´÷Ëß‡√Á«°«à“‡ø® ΦJL-1 ∑’Ëæ∫«à“ “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å
‰¥â√âÕ¬≈– 96 „π√–¬–‡«≈“ 30 π“∑’ [9] ·µà™â“°«à“‡ø® Φ22b ·≈– Φ22s ∑’Ë “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å
¢Õß‚Œ ∑å‰¥â√âÕ¬≈– 99 „π√–¬–‡«≈“ 10 π“∑’ [23]  à«π°“√‡µ‘¡·§≈‡ ’́¬¡§≈Õ‰√¥å (10-30 ¡‘≈≈‘‚¡≈“√å)
≈ß„πÕ“À“√‡À≈« MRS ‰¡à¡’º≈µàÕÕ—µ√“°“√‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å¢Õß‡ø®∑—Èß 4 µ—«„π™à«ß 30
π“∑’·√° ´÷Ëßº≈∑’Ë‰¥âµ√ß°—∫°“√∑¥≈Õß°àÕπÀπâ“π’È ∑’Ëæ∫«à“‰¥«“‡≈π∑å·§∑‰ÕÕÕπ‰¡à¡’º≈µàÕ°“√‡¢â“‡°“–µ‘¥
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‚Œ ∑å¢Õß‡ø®„π™à«ß 30 π“∑’·√° ‡π◊ËÕß®“°¢≥–∑’Ë‡ø®‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å¢Õß‡ø®„π√Õ∫·√°π—Èπ
„πÕ“À“√‡À≈« MRS ¡’·§∑‰ÕÕÕπ™π‘¥Õ◊Ëπ ‡™àπ ‚´‡¥’¬¡‰ÕÕÕπ (Na+) ·≈–·¡°π’‡´’¬¡‰ÕÕÕπ (Mg2+)
∑’Ë‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√∑’Ë®–™à«¬„Àâ‡ø® “¡“√∂‡¢â“‡°“–µ‘¥∑’Ëº‘«‡´≈≈å¢Õß‚Œ ∑å‰¥â [9]

‚¥¬ √ÿª·≈â«ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“·≈∫‡ø®∑’Ë·¬°‰¥â®“°º≈‘µ¿—≥±åª≈“À¡—°‡ªìπ§√—Èß·√°¢Õß
ª√–‡∑»‰∑¬ ‚¥¬‡©æ“–°“√§âπæ∫·≈∫‡ø®„π·ø¡‘≈’ Podoviridae ∂÷ß 2 µ—«„πß“π«‘®—¬π’È π—∫«à“‡ªìπ°“√
§âπæ∫∑’Ë ”§—≠´÷Ëß∫àß™’È∂÷ß§«“¡À≈“°À≈“¬¢Õß·≈∫‡ø®„πº≈‘µ¿—≥±åÕ“À“√ª≈“À¡—° ‚¥¬‡©æ“–°“√§âπæ∫«à“
W. cibaria  “¡“√∂‡ªìπ‚Œ ∑å∑’Ë„™â„π°“√·¬°·≈∫‡ø®‰¥â ‡æ√“–¡’√“¬ß“π°“√§âπæ∫®’π— π’È„πº≈‘µ¿—≥±å
Õ“À“√À¡—°‰¡à¡“°π—° Õ¬à“ß‰√°Áµ“¡ ®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®–æ∫«à“°“√ªπ‡ªóôÕπ‚¥¬·≈∫‡ø®„πº≈‘µ¿—≥±åª≈“À¡—°
π—Èπ¬—ß¡’‰¡à¡“°π—° ·≈–·≈∫‡ø®∑’Ëæ∫„πß“π«‘®—¬π’È°Á¡’§«“¡®”‡æ“–°—∫‚Œ ∑å„π®’π—  Leuconostoc sp. ·≈–
Weissella sp. ´÷Ëß‰¡à„™à “¬æ—π∏ÿåÀ≈—°∑’Ëæ∫„πº≈‘µ¿—≥±åª≈“À¡—° ®÷ßÕ“®∫àß™’È‰¥â«à“°“√ªπ‡ªóôÕπ·≈∫‡ø®„π
º≈‘µ¿—≥±åª≈“À¡—°π’È‡ªìπ°“√ªπ‡ªóôÕπ à«ππâÕ¬ °“√»÷°…“§ÿ≥ ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õß·≈∫‡ø®„πß“π«‘®—¬π’È
 “¡“√∂„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“πµàÕß“π«‘®—¬∑“ß¥â“π·∫§∑’√‘‚Õ‡ø®„πÕπ“§µ‰¥âµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬®“°‡ß‘π√“¬‰¥â ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ª√–®”ªï
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