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πÈ”‡ ’¬®—¥«à“‡ªìπª√–‡¥Áπªí≠À“ ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠∑’Ë‡°‘¥¢÷Èπ„πμ≈“¥ ¥ °“√«‘®—¬π’È¡’«—μ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß∂—ß¥—°‰¢¡—π¥â«¬·∫§∑’‡√’¬∑’Ë‡À¡“– ¡ ”À√—∫∫”∫—¥πÈ”‡ ’¬®“°μ≈“¥ ¥
‡æ◊ËÕ¬°√–¥—∫°“√®—¥°“√¢ÕßπÈ”‡ ’¬„πμ≈“¥ ¥‡∑»∫“≈ 3 ·≈–μ≈“¥¥Õπ°≈“ß ®—ßÀ«—¥Õÿ∫≈√“™∏“π’ º≈°“√
»÷°…“æ∫«à“ Bacillus pumilus. strain UBU5 ¡’§«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â¥’∑’Ë ÿ¥ ‚¥¬¡’
§à“¥—™π’·≈–§à“°‘®°√√¡‡Õπ‰´¡å‰≈‡ª ‡©≈’Ë¬‡∑à“°—∫ 2.99 ± 0.47 ·≈– 287.14 ± 2.86 ¬Ÿπ‘μμàÕ¡‘≈≈‘≈‘μ√ μ“¡
≈”¥—∫ ·≈– “¡“√∂¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå‰¥â¥’∑’Ë ÿ¥∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π
·≈–‰¢¡—π‡∑à“°—∫ 250 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ·≈–∑’Ë√–¬–‡«≈“ 40 ™—Ë«‚¡ß ‚¥¬¡’
ª√– ‘∑∏‘¿“æ‡©≈’Ë¬‡∑à“°—∫ 99.47 ± 0.25%, 82.54 ± 0.51% ·≈– 86.11 ± 0.53% μ“¡≈”¥—∫ ·≈–®“°°“√
»÷°…“°“√‡μ‘¡‡™◊ÈÕ B. pumilus. strain UBU5 „π∂—ß¥—°‰¢¡—π¢π“¥ 100 ≈‘μ√ ∑’Ë√â“πÕ“À“√æ∫«à“ °√≥’‰¡à
μ—°‰¢¡—π¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬ 73.20 ± 9.05% · ¥ß„Àâ‡ÀÁπ«à“·∫§∑’‡√’¬ B.
pumilus. strain UBU5 ∑’Ëºà“π°“√§—¥‡≈◊Õ°·≈–∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√°”®—¥‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå
 “¡“√∂°”®—¥πÈ”¡—π·≈–‰¢¡—π ·≈–¡’ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ”‡ ’¬¢Õß∂—ß¥—°‰¢¡—π®“°√â“πÕ“À“√‰¥â πÕ°®“°
π’Èº≈°“√»÷°…“¬—ß· ¥ß„Àâ‡ÀÁπÕ’°«à“°“√‡μ‘¡ B. pumilus. strain UBU5 „π∂—ß¥—°‰¢¡—π™à«¬≈¥§«“¡∂’Ë„π
°“√μ—°‰¢¡—πÕÕ°®“°∂—ß¥—°‰¢¡—π‚¥¬∑’Ëª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ”‡ ’¬‰¡à≈¥≈ß ·≈–¡’·π«‚πâ¡∑’Ë®– “¡“√∂
π”¡“„™â„π°“√¬°√–¥—∫°“√®—¥°“√πÈ”‡ ’¬¢Õßμ≈“¥ ¥‰¥â

§” ”§—≠: πÈ”‡ ’¬ πÈ”¡—π·≈–‰¢¡—π ∂—ß¥—°‰¢¡—π μ≈“¥ ¥
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ABSTRACT

Wastewater is regarded as main environmental problem fresh markets. This research
aims to identify and test suitable biological technologies for enhancing the efficiency of
wastewater treatment of the Municipal Fresh Market 3 and Don Klang Market in Ubon Ratchathani,
Thailand. The empirical results from the laboratory and pilot testing revealed that the identified
bacterium Bacillus pumilus. strain UBU5 had the highest capacity to generate lipase enzyme
with the lipase index and lipase activity of 2.99 ± 0.47 and 287.14 ± 0.86 unit/ml, respectively.
The bacterium showed the highest efficiency for degrading oil and grease in artificial wastewater
at the initial concentration of oil and grease of 250 ml/l (99.47 ± 0.25%), at the temperature of
30°C (82.54 ± 0.51%), and at the detention time of 40 hours (86.11 ± 0.53%). The study also
revealed that adding B. pumilus. strain UBU5 in 100-liter grease traps installed at restaurants
degraded oil and grease for 73.20 ± 9.05% without cleaning activity. Therefore, B. pumilus.
strain UBU5 was efficient to reduce oil and grease in grease traps at restaurants. In addition, B.
pumilus. strain UBU5 was able to minimize the cleaning activity of the grease traps without
compromising the treatment efficiency. In summary, this study demonstrated that B. pumilus.
strain UBU5 has a high potential to be used in grease traps in fresh markets for enhancing
the wastewater treatment efficiency.
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1. ∫∑π”
ª√–‡∑»„π∑«’ª‡Õ‡™’¬À≈“¬ª√–‡∑»√«¡∂÷ßª√–‡∑»‰∑¬¡’μ≈“¥ ¥‡ªìπ ∂“π∑’Ë ”§—≠∑’Ë‡°’Ë¬«¢âÕß

°—∫°“√ àß‡ √‘¡„Àâ‡°‘¥°“√∫√‘‚¿§Õ“À“√∑’Ëª≈Õ¥¿—¬·≈–¬—ß‡ªìπ ∂“π∑’Ë„Àâ∫√‘°“√‡æ◊ËÕ°“√ ◊́ÈÕ¢“¬ ‘π§â“∑—ÈßÕ“À“√ ¥
Õ“À“√ª√ÿß ÿ° ·≈– ‘π§â“∑’Ë‡°’Ë¬«¢âÕß°—∫Õ“À“√ ´÷ËßÀπâ“∑’ËÀ≈—°¢Õßμ≈“¥ ¥ §◊Õ °“√„Àâ∫√‘°“√„π√Ÿª·∫∫¢Õß
°“√®—¥°“√ àß¡Õ∫ ‘π§â“´÷Ëß∂Ÿ°®—¥«à“Õ¬Ÿà„π™à«ß°“√¢π àß¢“ÕÕ° (outbound logistics) [1] πÕ°®“°π’È
μ≈“¥ ¥¬—ß∑”Àπâ“∑’Ë ”§—≠„π∞“π– ∂“π∑’Ë∑’Ë √â“ß§«“¡ —¡æ—π∏å¢Õß§π„πæ◊Èπ∑’Ë∑’Ë¡“æ∫ª–°—π‡ªìπª√–®” [2]
´÷Ëßπ—∫«à“μ≈“¥ ¥‡ªìπ ∂“π∑’Ë ”§—≠∑’Ë· ¥ß„Àâ‡ÀÁπ∂÷ß ¿“æ‡»√…∞°‘®  —ß§¡ ·≈–«—≤π∏√√¡‡©æ“–∂‘Ëπ¢Õß
æ◊Èπ∑’Ëπ—ÈπÊ [2-3]

 ∂“π°“√≥åªí®®ÿ∫—π¢Õßª√–‡∑»‰∑¬æ∫«à“√–∫∫§â“ª≈’° ¡—¬„À¡à ‡™àπ ´ÿª‡ªÕ√å¡“‡°Áμ ‰Œ‡ªÕ√å
¡“‡°Áμ ·≈–√â“π –¥«°´◊ÈÕ ‰¥â‡¢â“¡“¡’∫∑∫“∑Õ¬à“ß¡“°„π∞“π– ∂“π∑’Ë´◊ÈÕ¢“¬ ‘π§â“‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡¡◊Õß
¢π“¥„À≠à ‡™àπ °√ÿß‡∑æ¡À“π§√·≈–ª√‘¡≥±≈ √«¡∂÷ß®—ßÀ«—¥Õÿ∫≈√“™∏“π’ ·μà∑«à“√–∫∫§â“ª≈’° ¡—¬„À¡à
¥—ß°≈à“«∑”Àπâ“∑’Ë‡æ’¬ß·§à ∂“π∑’Ë·≈°‡ª≈’Ë¬π ‘π§â“ ‰¡à “¡“√∂∑”Àπâ“∑’Ë‡ªìπ·À≈àß √â“ß§«“¡ —¡æ—π∏å¢Õß
§π„πæ◊Èπ∑’ËÀ√◊Õ ∂“π∑’Ë∑’Ë –∑âÕπ„Àâ‡ÀÁπ∂÷ß ¿“æ —ß§¡·≈–«—≤π∏√√¡¢Õß∑âÕß∂‘Ëπ‰¥â ®—ßÀ«—¥Õÿ∫≈√“™∏“π’‡ªìπ
®—ßÀ«—¥¢π“¥„À≠à„π‡¢μÕ’ “π„μâ¡’μ≈“¥ ¥¡“°°«à“ 40 ·Ààß ´÷Ëßμ≈“¥ ¥¬—ß§ß‡ªìπ·À≈àß·≈°‡ª≈’Ë¬π ‘π§â“
·≈–æ∫ª–¢Õß§π∑âÕß∂‘Ëπ∑’Ë ”§—≠ ·μà∑«à“°‘®°√√¡μà“ßÊ ∑’Ë‡°‘¥¢÷Èπ„πμ≈“¥ ¥°àÕ„Àâ‡°‘¥¡≈æ‘…∑“ß ‘Ëß
·«¥≈âÕ¡À≈“¬™π‘¥ ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßπÈ”‡ ’¬ (wastewater) π—∫«à“‡ªìπ¡≈æ‘…∑“ß ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠¢Õß
μ≈“¥ ¥„π®—ßÀ«—¥Õÿ∫≈√“™∏“π’ À“°¡≈æ‘…¥—ß°≈à“«‰¥â√—∫°“√®—¥°“√„Àâ∂Ÿ°μâÕßμ“¡À≈—°«‘™“°“√®– “¡“√∂
™à«¬‡ √‘¡°“√∫√‘‚¿§∑’Ëª≈Õ¥¿—¬  àß‡ √‘¡°“√„™â∑√—æ¬“°√„Àâ‡°‘¥ª√–‚¬™πå Ÿß ÿ¥ ·≈– àß‡ √‘¡„Àâ°“√¥”‡π‘π
ß“π¢Õßμ≈“¥ ¥¡’§«“¡∑—¥‡∑’¬¡°—∫√–∫∫§â“ª≈’° ¡—¬„À¡à

μ≈“¥ ¥¡—°ª√– ∫ªí≠À“πÈ”‡ ’¬‡π◊ËÕß®“°¡’√â“πÕ“À“√∑’Ë¡’°“√ª√–°Õ∫Õ“À“√·≈–√â“π¢“¬‡π◊ÈÕ —μ«å
´÷Ëß∑”„ÀâπÈ”‡ ’¬„πμ≈“¥¡’§à“§«“¡‡¢â¡¢âπ¢ÕßπÈ”¡—π·≈–‰¢¡—π (oil and grease)  Ÿß ‚¥¬„π°√≥’πÈ”‡ ’¬¢Õß
μ≈“¥ ¥„πª√–‡∑»¡“‡≈‡ ’́¬¡’§à“§«“¡‡¢â¡¢âπ¢ÕßπÈ”¡—π·≈–‰¢¡—π Ÿß∂÷ß 13-43 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ [4]
 “√ª√–°Õ∫‡À≈à“π’È‡¡◊ËÕªπ‡ªóôÕπ°—∫πÈ”®–≈Õ¬Õ¬Ÿà∫πº‘«πÈ”∑”„Àâ‡ªìπ¡≈æ‘…∑“ßπÈ”·≈–°àÕ„Àâ‡°‘¥πÈ”‡πà“‡ ’¬‰¥â
‡æ√“–πÈ”¡—π·≈–‰¢¡—π¡’§«“¡∂à«ß®”‡æ“–μË”°«à“‚¡‡≈°ÿ≈¢ÕßπÈ”∑”„Àâ°“√∂à“¬‡∑ÕÕ°´‘‡®π„ππÈ”≈¥≈ß
„πªí®®ÿ∫—π«‘∏’°“√∫”∫—¥πÈ”‡ ’¬¢Õßμ≈“¥ ¥¡’À≈“¬«‘∏’ «‘∏’∑’Ë‰¥â√—∫§«“¡π‘¬¡§◊Õ∂—ß¥—°‰¢¡—π ´÷Ëß‡ªìπ∂—ßæ—°∑’Ë¡’
·ºàπ°—Èπ¢«“ßÕ¬Ÿà„π∫àÕ‡æ◊ËÕ¥—°‰¢¡—π‰«â„Àâ‰¥âª√‘¡“≥¡“° ‚¥¬μâÕß¡’¢π“¥æ◊Èπ∑’Ëº‘«¢Õß∂—ß‡æ’¬ßæÕ°—∫ª√‘¡“≥
‰¢¡—π∑’Ë®–≈Õ¬¢÷Èπ¡“·≈–§«“¡‡√Á«¢ÕßπÈ”‰À≈¿“¬„π∂—ßμâÕß¡’§«“¡‡√Á«μË” ∫√‘‡«≥∑“ßÕÕ°μâÕßªÑÕß°—π‰¡à„Àâ
‰¢¡—πÀ≈ÿ¥ÕÕ°‰ª‰¥â·≈–μâÕß‡°Á∫°«“¥À√◊Õμ—°‰¢¡—π∑’Ë≈Õ¬Õ¬Ÿà∫πº‘«Àπâ“„ÀâÀ¡¥∑ÿ°«—π ‡«≈“‡°Á∫°—°πÈ”„π∂—ß
¥—°‰¢¡—π§«√¡“°°«à“ 30 π“∑’ ·μà‰¡à§«√π“π‡°‘π‰ª‡æ√“–®–∑”„Àâ‡°‘¥°“√‡πà“‡À¡Áπ·≈– àß°≈‘Ëπ‡À¡Áπ [5]
´÷Ëß«‘∏’¥—ß°≈à“«μâÕßÕ“»—¬„™â·√ßß“π§πμ—°‰¢¡—πÕÕ°∑‘Èß∑ÿ°«—π

®“°ªí≠À“¢Õß√–∫∫∂—ß¥—°‰¢¡—π∑”„Àâ¡’°“√»÷°…“°“√°”®—¥‰¢¡—π‚¥¬«‘∏’∑“ß™’««‘∑¬“ ‚¥¬‡©æ“–
Õ¬à“ß¬‘Ëß°“√„™â®ÿ≈‘π∑√’¬å∑’Ë‡®√‘≠‰¥â„π ¿“«–∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß¡“„™â„π°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‰¢¡—π
‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘¡’∫∑∫“∑ ”§—≠Õ¬à“ß¡“°μàÕ°“√∫”∫—¥‰¢¡—π ‡π◊ËÕß®“°√–∫∫°“√∫”∫—¥¡—°¡’°“√„Àâ§«“¡
√âÕπ Ÿß‡æ◊ËÕ„ÀâÕ—μ√“°“√≈–≈“¬¢Õß‰¢¡—π‡æ‘Ë¡¢÷Èπ §«“¡‡Àπ’¬«Àπ◊¥¢Õß¢Õß‡ ’¬≈¥≈ß·≈–¡’º≈„Àâ®ÿ≈‘π∑√’¬å
 “¡“√∂„™â “√μ—Èßμâπ‰¥â¡“°¢÷Èπ [6] ®“°√“¬ß“πæ∫«à“¡’®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥ “¡“√∂¬àÕ¬ ≈“¬‰¢¡—π‰¥â¥â«¬°“√
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º≈‘μ‡Õπ‰´¡å‰≈‡ª  ÷́Ëß‡Õπ‰´¡å‰≈‡ª ®—¥Õ¬Ÿà„π°≈ÿà¡¢Õß‰Œ‚¥√‡≈  (hydrolase) À√◊Õ‡√’¬°«à“ °≈’‡´Õ√Õ≈-
‡Õ ‡∑Õ√å‰Œ‚¥√‡≈  (glycerol ester hydrolase) À√◊Õ‰μ√‡Õ´‘≈°≈’‡´Õ√Õ≈‡Õ´‘≈‰Œ‚¥√‡≈  (triacylglycerol
acylhydrolase) ‡Õπ‰´¡å‰≈‡ª ®–®—∫°—∫‚¡‡≈°ÿ≈¢ÕßπÈ”¡—π·≈–‰¢¡—π·≈–‡√àß„Àâ‡°‘¥ªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ’́ 
(hydrolysis) ‚¥¬ ≈“¬æ—π∏–‡Õ ‡∑Õ√å¢Õß‚¡‡≈°ÿ≈‰μ√°≈’‡´Õ‰√¥å‰¥â‡ªìπ°≈’‡´Õ√Õ≈ (glycerol) ·≈–°√¥‰¢¡—π
(fatty acid) ®“°°“√»÷°…“∑’Ëºà“π¡“æ∫«à“ ·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ∑’Ë¡’
ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π ‡™àπ Staphylococcus warneri, Bacillus cereus ·≈–
Pseudomonas aeruginosa [7] Pseudomonas aeruginosa [8] Pseudomonas sp. [9] Candida
cyindracea [10] Candida maltose, Candida tropicalis, Yarrowia lipolytica [11] Bacillus sp.
[12] Bacillus thermaleovorans [13] ·≈– Staphylococcus epidermidis ·≈– Bacillus subtilis
[14] √«¡∑—Èß·∫§∑’‡√’¬∑’Ë¬—ß‰¡à∑√“∫™π‘¥ §◊Õ‰Õ‚´‡≈μ (isolate) PTL36, PTL38, PTL41 ·≈– PTL44 [6]
‚¥¬¡’√“¬ß“π«à“ ¬’ μå Candida maltose, Candida tropicalis ·≈– Yarrowia lipolytica  “¡“√∂≈¥
ª√‘¡“≥‰¢¡—π®“°πÈ”‡ ’¬‚√ßß“πª≈“°√–ªÜÕß‰¥â 53, 51 ·≈– 82% μ“¡≈”¥—∫ [11] ·∫§∑’‡√’¬ Bacillus-
thermaleovorans  “¡“√∂≈¥ª√‘¡“≥‰¢¡—π®“°πÈ”≈â“ßæ◊Èπ‚√ßß“π¶à“ —μ«å‰¥â 20-30% [10] ·∫§∑’‡√’¬
Staphylococcus epidermidis ·≈– Bacillus subtilis  “¡“√∂≈¥§«“¡Àπ“¢Õß™—Èπ‰¢¡—π®“°∫àÕ¥—°
‰¢¡—π‚√ß§√—«‰¥â 87.26 ·≈– 87.34% μ“¡≈”¥—∫ [14] ·∫§∑’‡√’¬ Bacillus pumilus ‰Õ‚´‡≈∑ LWW5
¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå‰¥â 85.9 ± 0.27% [15]

®“° ∂“π°“√≥å°“√®—¥°“√πÈ”‡ ’¬¢Õßμ≈“¥„π®—ßÀ«—¥Õÿ∫≈√“™∏“π’· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡ ”§—≠
¢Õßªí≠À“πÈ”‡ ’¬ Õÿª √√§„π°“√∫”∫—¥πÈ”‡ ’¬∑’Ë‡°‘¥®“°°“√‰¡à¡’°“√¥”‡π‘π°“√∫”∫—¥πÈ”‡ ’¬Õ¬à“ß‡μÁ¡√Ÿª·∫∫
·≈–ªí≠À“„π‡√◊ËÕß¢Õß°”≈—ß§π∑’Ë„™â„π°“√¥Ÿ·≈√—°…“√–∫∫∫àÕ¥—°‰¢¡—π„π°“√μ—°‰¢¡—π ®÷ß∑”„Àâæ∫™àÕß«à“ß„π
°“√»÷°…“·≈–°“√π”π«—μ°√√¡·≈–‡∑§‚π‚≈¬’‡¢â“¡“„™â„π°“√®—¥°“√πÈ”‡ ’¬®“°μ≈“¥ ¥ §◊Õπ”·∫§∑’‡√’¬¡“
‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß∂—ß¥—°‰¢¡—π‡æ◊ËÕ¬°√–¥—∫°“√®—¥°“√πÈ”‡ ’¬„πμ≈“¥ ¥„π®—ßÀ«—¥Õÿ∫≈√“™∏“π’  ”À√—∫
°“√«‘®—¬π’È‡ªìπ à«πÀπ÷Ëß¢Õß™ÿ¥‚§√ß°“√¿“¬„μâ™ÿ¥‚§√ß°“√ π«—μ°√√¡·≈–‡∑§‚π‚≈¬’·ª√√ŸªÕ“À“√ª≈Õ¥¿—¬
§√∫«ß®√ ∑’Ë‡≈◊Õ°μ≈“¥ ¥‡∑»∫“≈ 3 ·≈–μ≈“¥¥Õπ°≈“ß‡ªìπ ∂“π∑’Ë¥”‡π‘πß“π«‘®—¬‚¥¬¡’«—μ∂ÿª√– ß§å
2 ¢âÕ §◊Õ 1) ‡æ◊ËÕ»÷°…“°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß∂—ß¥—°‰¢¡—π„π°“√∫”∫—¥πÈ”‡ ’¬¥â«¬·∫§∑’‡√’¬ Bacillus sp.
·≈– 2) ‡æ◊ËÕ»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√≈¥¢—ÈπμÕπ°“√ªØ‘∫—μ‘ß“π°“√μ—°‰¢¡—π®“°∂—ß¥—°‰¢¡—π

2. Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß (Materials and methods)
°“√§—¥·¬° “¬æ—π∏ÿå ≈—°…≥–∑“ß —≥∞“π«‘∑¬“ ·≈–°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå Bacillus sp.

°“√§—¥·¬·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª 
‡°Á∫μ—«Õ¬à“ßπÈ”‡ ’¬®“°∫àÕ√«∫√«¡πÈ”‡ ’¬¢Õß‚√ßÕ“À“√¡À“«‘∑¬“≈—¬Õÿ∫≈√“™∏“π’ 3 ®ÿ¥ (random

sampling) ‚¥¬¥Ÿ¥μ—«Õ¬à“ßπÈ”‡ ’¬ª√‘¡“μ√ 10 ¡‘≈≈‘≈‘μ√ „ à„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ screening medium
(ª√–°Õ∫¥â«¬: ·Õ¡‚¡‡π’¬¡ —́≈‡øμ ((NH4)2SO4) 5 °√—¡ ·∫§‚μ‡ª∫‚μπ 5 °√—¡ ·¡°π’‡´’¬¡ —́≈‡øμ
(MgSO4.7H2O) 1 °√—¡ ‚æ·∑ ‡´’¬¡‰¥‰Œ‚¥√‡®πøÕ ‡øμ (KH2PO4) 5 °√—¡, ºß °—¥®“°¬’ μå 1 °√—¡
‚∫√‚¡§√’´Õ≈ ‡æÕ√å‡æ‘≈ (bromocresol purple) 0.064 °√—¡ ·≈–πÈ”°≈—Ëπ 1,000 ¡‘≈≈‘≈‘μ√) ª√‘¡“μ√ 90
¡‘≈≈‘≈‘μ√ „π¢«¥√Ÿª™¡æŸà·≈â«π”‰ª∫à¡·≈–‡¢¬à“„πμŸâ∫à¡‡™◊ÈÕ·∫∫‡¢¬à“§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (shaking incubator)
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∑’Ë§«“¡‡√Á« 200 √Õ∫μàÕπ“∑’ ∑’Ë 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 1  —ª¥“Àå ®“°π—Èππ”¡“‡®◊Õ®“ß„Àâ¡’§«“¡
‡¢â¡¢âπ 10-1 ∂÷ß 10-7 ¥â«¬πÈ”°≈—Ëπ·≈â«¥Ÿ¥πÈ”‡®◊Õ®“ßª√‘¡“μ√ 0.1 ¡‘≈≈‘≈‘μ√ ‰ª·¬°‡™◊ÈÕ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ
screening medium ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß §—¥‡≈◊Õ°‚§‚≈π’∑’Ë¡’°“√
‡ª≈’Ë¬π ’¢Õß‚∫√‚¡§√’´Õ≈ ‡æÕ√å‡æ‘≈ „πÕ“À“√·¢Áß®“° ’¡à«ß‡ªìπ ’‡À≈◊Õß ®“°π—Èππ”‚§‚≈π’∑’Ë¡’°“√‡ª≈’Ë¬π ’
¢ÕßÕ“À“√¡“∑”°“√·¬°‡™◊ÈÕ„Àâ∫√‘ ÿ∑∏‘Ï∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ screening medium ·≈–π”‰ª»÷°…“≈—°…≥–
∑“ß —≥∞“π«‘∑¬“¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå ‡°Á∫√—°…“·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ï‰«â„πÕ“À“√‡À≈« ∑’Ë¡’°≈’‡´Õ√Õ≈ 20%
[16] ®“°π—Èπ∑¥ Õ∫§«“¡ “¡“√∂„π°“√ √â“ß‡Õπ‰´¡å‰≈‡ª ·≈–§”π«≥¥—™π’‡Õπ‰´¡å‰≈‡ª  (lipase index)

°“√∑¥ Õ∫°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  (Lipase activity)
π”·∫§∑’‡√’¬∑’Ë √â“ß‡Õπ‰´¡å‰≈‡ª ∑ÿ°‰Õ‚´‡≈∑¡“∑¥ Õ∫°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  ‚¥¬‡≈’È¬ß

·∫§∑’‡√’¬„πÕ“À“√‡À≈« (nutrient broth) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«ª√—∫
§«“¡‡¢â¡¢âπ¢Õß·∫§∑’‡√’¬„Àâ‡∑à“°—∫ 1.5 × 108 CFU/¡‘≈≈‘≈‘μ√ ¥Ÿ¥‡™◊ÈÕª√‘¡“μ√ 1 ¡‘≈≈‘≈‘μ√ „ à„πÀ≈Õ¥
∑¥≈Õß∑’Ë¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ screening medium ª√‘¡“μ√ 9 ¡‘≈≈‘≈‘μ√ ∫à¡·≈–‡¢¬à“„πμŸâ∫à¡‡™◊ÈÕ·∫∫‡¢¬à“
§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ¥â«¬§«“¡‡√Á« 200 √Õ∫μàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß
·≈â«π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 19,000 √Õ∫μàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 10 π“∑’ π”
 à«π„  (supernatant) ∑’Ë‰¥â‰ª∑¥ Õ∫°‘®°√√¡‡Õπ‰´¡å‰≈‡ª 

«‘∏’∑¥ Õ∫°‘®°√√¡‡Õπ‰´¡å‰≈‡ª 
‡μ√’¬¡ “√μ—Èßμâπ ¥—ßπ’È ‚æ≈’‰«π‘≈·Õ≈°ÕŒÕ≈å 2% ª√‘¡“μ√ 45 ¡‘≈≈‘≈‘μ√ πÈ”°≈—Ëπª√‘¡“μ√

45 ¡‘≈≈‘≈‘μ√ ·≈–πÈ”¡—π¡–°Õ°ª√‘¡“μ√ 10 ¡‘≈≈‘≈‘μ√ º ¡„π∫’°‡°Õ√å„Àâ‡¢â“°—π ®“°π—Èππ” “√μ—Èßμâπ 2 ¡‘≈≈‘≈‘μ√
º ¡°—∫øÕ ‡øμ∫—ø‡øÕ√å 0.2 ‚¡≈“√å ∑’Ë pH 7 ª√‘¡“μ√ 2 ¡‘≈≈‘≈‘μ√ ·≈– “√≈–≈“¬‡Õπ‰´¡å‰≈‡ª 
(supernatant) ª√‘¡“μ√ 4 ¡‘≈≈‘≈‘μ√ º ¡„Àâ‡¢â“°—π„π¢«¥√Ÿª™¡æŸà ( ”À√—∫°“√∑¥ Õ∫ blank ‡μ‘¡Õ–´‘‚μπ:
‡Õ∑“πÕ≈ Õ—μ√“ à«π 1:1 ª√‘¡“μ√ 4 ¡‘≈≈‘≈‘μ√) π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 5 π“∑’
®“°π—Èππ”‰ª‡¢¬à“¥â«¬§«“¡‡√Á«√Õ∫ 150 √Õ∫μàÕπ“∑’ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ‡μ‘¡Õ–´‘‚μπ:‡Õ∑“πÕ≈ „πÕ—μ√“ à«π
1:1 ª√‘¡“μ√ 20 ¡‘≈≈‘≈‘μ√ ®“°π—Èπ‡μ‘¡øîπÕø∑“≈’π 4-5 À¬¥ π”‰ª‰∑‡∑√μ¥â«¬ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥Õ°‰´¥å
0.05 πÕ√å¡Õ≈ ®π‡ªìπ ’™¡æŸÕàÕπ ∑‘Èß “√≈–≈“¬‰«âª√–¡“≥ 30 «‘π“∑’ À“°æ∫«à“ ’™¡æŸ‰¡à‡ª≈’Ë¬π∂◊Õ«à“‡ªìπ
®ÿ¥¬ÿμ‘ ®“°π—Èπ§”π«≥°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  [17] ‡æ◊ËÕ§—¥‡≈◊Õ°·∫§∑’‡√’¬∑’Ë¡’°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß
∑’Ë ÿ¥ ”À√—∫π”‰ª∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√¬àÕ¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–ÀåμàÕ‰ª

°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå
π”·∫§∑’‡√’¬∑’Ë¡’°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß∑’Ë ÿ¥¡“‡æ‘Ë¡ª√‘¡“≥‡´≈≈å„πÕ“À“√‡À≈«®“°π—Èππ”‰ª

∫à¡·≈–‡¢¬à“„πμŸâ∫à¡‡™◊ÈÕ·∫∫‡¢¬à“§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë§«“¡‡√Á« 200 √Õ∫μàÕπ“∑’ Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ª√—∫§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢Õß·∫§∑’‡√’¬„Àâ‡∑à“°—∫ 1.5 × 108 CFU/¡‘≈≈‘≈‘μ√ ∂à“¬‡™◊ÈÕ
·∫§∑’‡√’¬≈ß„π¢«¥√Ÿª™¡æŸà∑’Ë¡’πÈ”‡ ’¬ —ß‡§√“–Àåª√‘¡“μ√ 90 ¡‘≈≈‘≈‘μ√ [18] ®“°π—Èππ”¡“„ à∫’°‡°Õ√å∑’Ë¡’
πÈ”°≈—Ëπª√‘¡“μ√ 200 ¡‘≈≈‘≈‘μ√ º ¡„Àâ‡¢â“°—π·≈â«‡μ‘¡πÈ”¡—πª“≈å¡ª√‘¡“μ√ 0.28, 0.56, 1.11, 1.67 ·≈–
2.2 ¡‘≈≈‘≈‘μ√ ≈–≈“¬„Àâ‡¢â“°—π π”‰ª„ à¢«¥ª√—∫ª√‘¡“μ√ ‡μ‘¡πÈ”°≈—Ëπ„Àâ¡’ª√‘¡“μ√ 1,000 ¡‘≈≈‘≈‘μ√ ®–‰¥â
πÈ”‡ ’¬ —ß‡§√“–Àå∑’Ë¡’§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π ‡∑à“°—∫ 250, 500, 1,000, 1,500 ·≈– 2,000
¡‘≈≈‘°√—¡μàÕ≈‘μ√ μ“¡≈”¥—∫ ®“°π—Èππ”¡“»÷°…“ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå
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 ‚ ¥¬Õÿ≥À¿Ÿ ¡‘ ∑’Ë „ ™â „π°“√∑¥≈Õß ‡∑à“°—∫ 20, 25, 30, 35 ·≈– 40 Õß»“‡´≈‡´’¬ 
·≈–√–¬–‡«≈“∑’Ë„™â„π°“√∑¥≈Õß ‡∑à“°—∫ 8, 16, 24, 32 ·≈– 40 ™—Ë«‚¡ßμ“¡≈”¥—∫ ‚¥¬¡’™ÿ¥§«∫§ÿ¡ (con-
trol) §◊Õ πÈ”‡ ’¬ —ß‡§√“–Àå∑’Ë‰¡à¡’°“√‡μ‘¡·∫§∑’‡√’¬ π”πÈ”‡ ’¬∑’Ëºà“π°“√∫”∫—¥‰ª«‘‡§√“–Àåª√‘¡“≥πÈ”¡—π·≈–
‰¢¡—π§ß‡À≈◊Õ·≈â«§”π“≥À“ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π

°“√√–∫ÿ “¬æ—π∏ÿå¢Õß·∫§∑’‡√’¬∑’Ëº≈‘μ‰≈‡ª ¥â«¬«‘∏’°“√∑“ß™’«‡§¡’·≈–«‘∏’∑“ßæ—π∏ÿ»“ μ√å
‚¡‡≈°ÿ≈

»÷°…“≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢Õß‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë§—¥‡≈◊Õ°‰¥â‚¥¬¥Ÿ°“√μ‘¥ ’·°√¡ (gramûs stain)
·≈â«∑¥ Õ∫¥â«¬«‘∏’°“√∑“ß™’«‡§¡’‚¥¬™ÿ¥∑¥ Õ∫ API 20E ·≈–»÷°…“¢âÕ¡Ÿ≈æ—π∏ÿ°√√¡¢Õß¬’π∫√‘‡«≥ 16S
rDNA ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬‚¥¬ °—¥¥’‡ÕÁπ‡Õ ·≈–°“√‡æ‘Ë¡ª√‘¡“≥™‘Èπ à«π¬’π∫√‘‡«≥ 16S rDNA ¥â«¬‡∑§π‘§
Polymerase Chain Reaction (PCR) ‚¥¬„™â‰æ√‡¡Õ√å 27F: 5û AGAGTTTGATCMTGGCTCAG 3û
·≈– 1492R: 5û TACGGYT ACCTTGTTACGACTT 3û [19] μ√«®º≈°“√‡æ‘Ë¡®”π«π DNA ·≈â«
 àßμ—«Õ¬à“ß‡æ◊ËÕ«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë∫√‘…—∑ IDT Technology ≥ ª√–‡∑» ‘ß§‚ª√å ®“°π—Èππ”
rDNA ¢Õßμ—«Õ¬à“ß·∫§∑’‡√’¬∑’Ë‰¥â‰ª‡ª√’¬∫‡∑’¬∫°—∫¢âÕ¡Ÿ≈„π∞“π GenBank ®“° National Center for
Biotechnology Information Server (NCBI) ‚¥¬„™â‚ª√·°√¡ BLASTn Algorithm ·≈– √â“ß·ºπ¿Ÿ¡‘
≈”¥—∫«‘«—≤π“°“√ (phylogenetic tree) ·≈– √â“ß§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√ (phylogeny) ‚¥¬„™â‚ª√·°√¡
Mega Version 7.0

°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬∑’Ë‰¥â„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß∂—ß¥—°‰¢¡—π°“√®—¥∑”
·≈–μ‘¥μ—Èß∂—ß¥—°‰¢¡—π

‡π◊ËÕß®“°μ≈“¥ ¥‡∑»∫“≈ 3 ·≈–μ≈“¥¥Õπ°≈“ßÕ¬Ÿà√–À«à“ß°“√μ√«®√—∫∫àÕ¥—°‰¢¡—π·≈–μ‘¥μ—Èß
∑”„ÀâºŸâ«‘®—¬‰¡à “¡“√∂„™â∫àÕ¥—°‰¢¡—π®“°μ≈“¥ ¥∑—Èß Õß·Ààß„π°“√∑¥≈Õß‰¥â ¥—ßπ—Èπ∑“ß§≥–ºŸâ«‘®—¬®÷ß‰¥â
∑¥≈Õß¢—Èπμâπ (preliminary experiment) ‚¥¬„™âπÈ”‡ ’¬®“°∂—ß¥—°‰¢¡—π¢Õß√â“πÕ“À“√·≈–§√—«‡√◊Õπ‚¥¬
√Õ∫¡À“«‘∑¬“≈—¬Õÿ∫≈√“™∏“π’ ‡æ◊ËÕ‡ªìπμ—«·∑π„π°“√∑¥≈ÕßπÈ”‡ ’¬¢Õßμ≈“¥∑—Èß Õß

„π°“√∑¥≈Õß ºŸâ«‘®—¬π”∂—ßπÈ”æ≈“ μ‘°‡°Á∫πÈ”¢π“¥ 100 ·≈– 60 ≈‘μ√ Õ¬à“ß≈– 3 ∂—ß ¡“
¥—¥·ª≈ß‡ªìπ∂—ß¥—°‰¢¡—π‡æ◊ËÕ„™â„π°“√∫”∫—¥πÈ”‡ ’¬ (√Ÿª∑’Ë 1a ·≈– 1b) ·≈â«π”‰ªμ‘¥μ—Èß∑’Ë∫â“π‡√◊Õπ 3 ·Ààß
·≈–√â“π§â“ 3 ·Ààß ‚¥¬æ‘®“√≥“‡≈◊Õ°¢π“¥∂—ß¥—°‰¢¡—πμ“¡§«“¡‡À¡“– ¡¢Õß ∂“π∑’Ë



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 36 ©∫—∫∑’Ë 2 ∏—π«“§¡ (2563) 47

(a) (b)
√Ÿª∑’Ë 1 ∂—ß¥—°‰¢¡—π (a) ¿“¬πÕ°¢Õß∂—ß¥—°‰¢¡—π ·≈– (b) ¿“¬„π¢Õß∂—ß¥—°‰¢¡—π

®“°π—Èπ∑”°“√‡μ‘¡·∫§∑’‡√’¬∑’Ë§—¥‡≈◊Õ°‰¥âª√‘¡“μ√ 500 ¡‘≈≈‘≈‘μ√ ≈ß„π∂—ß¥—°‰¢¡—π¢π“¥ 100
≈‘μ√ ∑’Ëμ‘¥μ—Èß∑’Ë√â“πÕ“À“√ ®”π«π 1 §√—Èß  ”À√—∫∂—ß¥—°‰¢¡—π¢π“¥ 60 ≈‘μ√ ∑’Ëμ‘¥μ—Èß‰«â∑’Ë§√—«‡√◊Õπ‰¡à¡’°“√
‡μ‘¡‡™◊ÈÕ·∫§∑’‡√’¬ °”Àπ¥§«“¡∂’Ë„π°“√μ—°‰¢¡—πÕÕ°®“°∂—ß„π·μà≈– ∂“π∑’Ë„Àâ¡’§«“¡·μ°μà“ß°—π ·≈–‡°Á∫
μ—«Õ¬à“ßπÈ”‡ ’¬®“°∂—ß¥—°‰¢¡—π —ª¥“Àå≈– 1 §√—Èß ‡ªìπ‡«≈“ 4  —ª¥“Àå ∑”°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ” (μ“√“ß∑’Ë 1)

μ“√“ß∑’Ë 1 √“¬≈–‡Õ’¬¥¢Õß√Ÿª·∫∫°“√∑¥≈Õß ¢π“¥  ∂“π∑’Ëμ‘¥μ—Èß ·≈–§«“¡∂’Ë„π°“√μ—°‰¢¡—π„π∂—ß¥—°‰¢¡—π

≈”¥—∫ √Ÿª·∫∫°“√∑¥≈Õß ¢π“¥∂—ß¥—°  ∂“π∑’Ëμ‘¥μ—Èß §«“¡∂’Ë¢Õß°“√
‰¢¡—π∑’Ëμ‘¥μ—Èß μ—°‰¢¡—π

∂—ß∑’Ë 1 πÈ”‡ ’¬ 60 ≈‘μ√ §√—«‡√◊Õπ ∑ÿ°«—π
∂—ß∑’Ë 2 πÈ”‡ ’¬ 60 ≈‘μ√ §√—«‡√◊Õπ μ—°∑ÿ° —ª¥“Àå
∂—ß∑’Ë 3 πÈ”‡ ’¬ 60 ≈‘μ√ §√—«‡√◊Õπ ‰¡àμ—°‰¢¡—π
∂—ß∑’Ë 4 πÈ”‡ ’¬√à«¡°—∫°“√‡μ‘¡ Bacillus sp. 100 ≈‘μ√ √â“πÕ“À“√ ∑ÿ°«—π
∂—ß∑’Ë 5 πÈ”‡ ’¬√à«¡°—∫°“√‡μ‘¡ Bacillus sp. 100 ≈‘μ√ √â“πÕ“À“√ μ—°∑ÿ° —ª¥“Àå
∂—ß∑’Ë 6 πÈ”‡ ’¬√à«¡°—∫°“√‡μ‘¡ Bacillus sp. 100 ≈‘μ√ √â“πÕ“À“√ ‰¡àμ—°‰¢¡—π

°“√«‘‡§√“–Àåª√– ‘∑∏‘¿“æ°“√∫”∫—¥πÈ”‡ ’¬„π∂—ß¥—°‰¢¡—π
°“√«‘‡§√“–ÀåπÈ”¡—π·≈–‰¢¡—π
°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥πÈ”¡—π·≈–‰¢¡—π∑”‚¥¬„™â«‘∏’æ“√å∑‘™—Ëπ-™—ËßπÈ”Àπ—° (partition-gravimetric

method) ‚¥¬„™âμ—«∑”≈–≈“¬‡Œ°‡´π (hexane) [20]  °—¥πÈ”¡—π·≈–‰¢¡—πÕÕ°®“°μ—«Õ¬à“ßπÈ” ·≈â«·¬°
μ—«∑”≈–≈“¬ÕÕ°‚¥¬π”‰ª√–‡À¬„Àâ‡À≈◊Õ·μàπÈ”¡—π·≈–‰¢¡—π ®“°π—Èππ”‰ª™—ËßÀ“πÈ”Àπ—°·≈â«§”π«≥§à“πÈ”
¡—π·≈–‰¢¡—π‰¥â®“° ¡°“√
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π”â¡—π·≈–‰¢¡—π (¡‘≈≈‘°√—¡/≈‘μ√  = (π”âÀπ—°∂â«¬°√–‡∫◊ÈÕßÀ≈—ß-π”âÀπ—°∂â«¬°√–‡∫◊ÈÕß°àÕπ) x 106

ª√‘¡“μ√μ—«Õ¬à“ß (¡≈.)
°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘μ‘
°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¥—™π’·≈–°‘®°√√¡‡Õπ‰´¡å‰≈‡ª „™â§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π °“√

«‘‡§√“–Àå¢âÕ¡Ÿ≈ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬„π°“√¬àÕ¬ ≈“¬πÈ”¡—π ·≈–‰¢¡—π„ππÈ”‡ ’¬„™â§à“‡©≈’Ë¬ ‡ªÕ√å‡´Áπμå
 à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π ·≈– F-test (One-way ANOVA) ‚¥¬∑¥ Õ∫∑’Ë√–¥—∫π—¬ ”§—≠ 0.05  à«π°“√
«‘‡§√“–Àåª√– ‘∑∏‘¿“æ°“√∫”∫—¥πÈ”‡ ’¬„π∫àÕ¥—°‰¢¡—π„™â§à“‡©≈’Ë¬ ‡ªÕ√å‡´Áπμå·≈– à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π

3. º≈°“√∑¥≈Õß (Results)
°“√§—¥·¬° “¬æ—π∏ÿå ≈—°…≥–∑“ß —≥∞“π«‘∑¬“ ·≈–°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå Bacillus sp.
 “¡“√∂§—¥·¬°·∫§∑’‡√’¬∑’Ëº≈‘μ‡Õπ‰´¡å‰≈‡ª ®“°∫àÕ√«∫√«¡πÈ”‡ ’¬¢Õß‚√ßÕ“À“√¡À“«‘∑¬“≈—¬

Õÿ∫≈√“™∏“π’‰¥â 5 ‰Õ‚´‡≈∑ §◊Õ L1, L2, L3, L4 ·≈– L5 æ∫«à“‡™◊ÈÕ∑—Èß 5 ‰Õ‚´‡≈∑ ¡’≈—°…≥–∑“ß
 —≥∞“π«‘∑¬“¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå·∫∫ ‡μÕ√‘‚Õ §◊Õ  ’¢“«¢ÿàπ √Ÿª√à“ß°≈¡ (circular) º‘«Àπâ“‚§‚≈π’‡√’¬∫
(smooth) ¢Õ∫‡√’¬∫ (entire)  ’¢“«∑÷∫‰¡à„Àâ· ßºà“π (opaque) ‚§‚≈π’‡≈–§≈â“¬‡π¬‡À≈« (butyrous) ·μà
≈—°…≥–‚§‚≈π’¢Õß L1-L4 ®–πŸπ (convex) ®“°Õ“À“√‡≈Á°πâÕ¬ ¢≥–∑’Ë L5 ‚§‚≈π’®–·∫π√“∫ (flat) ∫π
º‘«Õ“À“√‡¡◊ËÕ¬âÕ¡·°√¡ æ∫«à“ L1, L2, L3, L4 ‡ªìπ·∫§∑’‡√’¬·°√¡≈∫ √Ÿª√à“ß∑àÕπ —Èπ (rod) °“√®—¥‡√’¬ß
μ—«°√–®—¥°√–®“¬ (scatter)  à«π‰Õ‚´‡≈∑ L5 ‡ªìπ·∫§∑’‡√’¬·°√¡∫«° √Ÿª√à“ß‡ªìπ∑àÕπ —Èπ °“√®—¥‡√’¬ßμ—«
‡ªìπ‡ âπ “¬ (chain)  ”À√—∫°“√∑¥ Õ∫§«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª «—¥‚¥¬°“√¥Ÿ∫√‘‡«≥„ 
(clear zone) ∫πÕ“À“√‰μ√∫Ÿ‰∑√‘π Õ“°“√å (tributyrin agar) æ∫«à“ ‰Õ‚´‡≈∑ L1, L2, L3, L4 ·≈– L5 ¡’
§«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‡©≈’Ë¬‡∑à“°—∫ 1.27 ± 0.07, 1.31 ± 0.67, 2.22 ± 0.63, 1.28 ± 0.08
·≈– 2.99 ± 0.47 μ“¡≈”¥—∫ ·≈–æ∫«à“¡’§à“°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  ‡©≈’Ë¬‡∑à“°—∫ 144.14 ± 4.50,
109.17 ± 9.45, 128.31 ± 5.20, 137.77 ± 4.50 ·≈– 287.14 ± 2.86 ¬Ÿπ‘μμàÕ¡‘≈≈‘≈‘μ√ μ“¡≈”¥—∫
∑—Èßπ’È‰Õ‚´‡≈∑ L5 ¡’§à“°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß∑’Ë ÿ¥ ®÷ßπ”‰ª„™â„π°“√»÷°…“À“ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬
 ≈“¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå

º≈°“√»÷°…“ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π„ππÈ”‡ ’¬ —ß‡§√“–Àå¢Õß·∫§∑’‡√’¬
‰Õ‚´‡≈∑ L5 ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  √–¬–‡«≈“ 24 ™—Ë«‚¡ß ‚¥¬§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ 250, 500,
1,000, 1,500 ·≈– 2,000 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ æ∫«à“ ¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬
‡∑à“°—∫ 99.47 ± 0.25%, 95.33 ± 0.65%, 87.58 ± 0.64%, 75.21 ± 0.34% ·≈– 70.87 ± 0.21%
μ“¡≈”¥—∫ ‡¡◊ËÕª√–‡¡‘π§à“∑“ß ∂‘μ‘· ¥ß„Àâ‡ÀÁπ«à“ §«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π¡’º≈μàÕ
ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p value ≤ 0.05) ‚¥¬§«“¡‡¢â¡¢âπ
‡√‘Ë¡μâπ∑’Ë 250 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ¡’ª√– ‘∑∏‘¿“æ Ÿß∑’Ë ÿ¥ º≈°“√∑¥≈Õß¥â“πÕÿ≥À¿Ÿ¡‘æ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘ 20,
25, 30, 35 ·≈– 40 Õß»“‡´≈‡´’¬  ∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π 1,500 ¡‘≈≈‘°√—¡μàÕ≈‘μ√
´÷Ëß‡ªìπ§à“§«“¡‡¢â¡¢âπ¢ÕßπÈ”¡—π·≈–‰¢¡—π∑’Ë„°≈â‡§’¬ß°—∫„ππÈ”‡ ’¬®√‘ß·≈–„™â√–¬–‡«≈“ 24 ™—Ë«‚¡ß æ∫«à“
ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬ ‡∑à“°—∫ 61.24 ± 0.20%, 65.31 ± 0.25%, 82.54 ±

0.51%, 74.40 ± 0.57% ·≈– 67.64 ± 0.73% μ“¡≈”¥—∫ ‡¡◊ËÕª√–‡¡‘π§à“∑“ß ∂‘μ‘· ¥ß„Àâ‡ÀÁπ«à“ Õÿ≥À¿Ÿ¡‘
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¡’º≈μàÕª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p value ≤ 0.05) ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë
30 Õß»“‡´≈‡´’¬  ¡’ª√– ‘∑∏‘¿“æ Ÿß∑’Ë ÿ¥ º≈°“√∑¥≈Õß¥â“π¢Õß√–¬–‡«≈“∑’Ë„™âæ∫«à“ ∑’Ë√–¬–‡«≈“ 8, 16,
24, 32 ·≈– 40 ™—Ë«‚¡ß ∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π 1,500 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·≈–Õÿ≥À¿Ÿ¡‘ 30
Õß»“‡´≈‡ ’́¬  ¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬‡∑à“°—∫ 30.53 ± 0.28%, 50.86 ± 0.37%,
82.54 ± 0.51%, 85.91 ± 0.64% ·≈– 86.11 ± 0.53% μ“¡≈”¥—∫ ∑—Èßπ’Èª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬
πÈ”¡—π·≈–‰¢¡—π Ÿß∑’Ë√–¬–‡«≈“ 32 ·≈– 40 ™—Ë«‚¡ß ·μàª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π‰¡à·μ°
μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p value ≤ 0.05) À≈—ß 24 ™—Ë«‚¡ß

®“°°“√√–∫ÿ “¬æ—π∏ÿå®“°¢âÕ¡Ÿ≈≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß·∫§∑’‡√’¬‰Õ‚´‡≈∑ L5 ‚¥¬„™â‡∑§π‘§ 16S
rDNA gene sequencing ·≈–‰¥â∑”°“√Ω“°‰«â„π GenBank ‚¥¬√–∫ÿ Accession no : 7458124 ´÷Ëß
· ¥ßº≈ÕÕ°¡“„π√Ÿª·∫∫·ºπ¿Ÿ¡‘ phylogenetic tree (√Ÿª∑’Ë 2) ·≈–π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª‡ª√’¬∫‡∑’¬∫°—∫∞“π
¢âÕ¡Ÿ≈≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß Bacillus sp. „π∞“π¢âÕ¡Ÿ≈¢Õß Genbank ·≈– √â“ß§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√
æ∫«à“‰Õ‚´‡≈∑ L5 ‡ªìπ·∫§∑’‡√’¬∑’Ë®—¥Õ¬Ÿà„π Bacillaceae ¡’≈”¥—∫π‘«§≈’‚Õ‰∑¥å„°≈â‡§’¬ß°—∫·∫§∑’‡√’¬
Bacillus pumilus

·∫§∑’‡√’¬‰Õ‚´‡≈∑ L5 ¡’≈”¥—∫π‘«§≈’‚Õ‰∑¥å§≈â“¬°—∫ (sequence homology) KF939143
´÷Ëß‡ªìπ‡™◊ÈÕ Bacillus puminis strain ARL 5lipase ‚¥¬¡’§à“ identity ‡∑à“°—∫ 99.69% (μ“√“ß∑’Ë 2)
®÷ß‡√’¬°·∫§∑’‡√’¬‰Õ‚´‡≈∑ L5 «à“ Bacillus pumilus. strain UBU5 ·≈–®“°°“√∑¥ Õ∫¥â«¬«‘∏’∑“ß
™’«‡§¡’æ∫«à“·∫§∑’‡√’¬‰Õ‚´‡≈∑ L5 ¡’§«“¡„°≈â‡§’¬ß°—∫ Bacillus pumilus ‡™àπ‡¥’¬«°—π (μ“√“ß∑’Ë 3)

√Ÿª∑’Ë 2 Phylogenetic Tree
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μ“√“ß∑’Ë 2 Sequence Producing Significant Alignments

Accession No. Description E-value Percent identity

KF939143.1 Bacillus pumilus strain ArcL5 lipase (L5) gene, 0.0 99.69%
complete cds

CP029464.1 Bacillus pumilus strain ZB201701 chromosome, 0.0 93.98%
complete genome

CP011007.1 Bacillus pumilus strain SH-B9, complete genome 0.0 93.52%
CP016784.1 Bacillus pumilus strain PDSLzg-1, complete genome 0.0 92.90%
EF093106.1 Bacillus pumilus strain F3 lipase precursor, gene, 0.0 92.59%

complete cds

μ“√“ß∑’Ë 3 °“√√–∫ÿ “¬æ—π∏ÿå¢Õß·∫§∑’‡√’¬¥â«¬«‘∏’°“√∑“ß™’«‡§¡’ (biochemical test)

°“√∑¥ Õ∫ º≈°“√∑¥ Õ∫ Bacillus pumilus
(William, B. W. et al., 2009)

°“√μ‘¥ ’·°√¡ +ve +ve
D›ribose + +
D›glucose + +
D›mannitol + +
D›maltose › ›
L›arabinose + +
D›sorbital › ›
Glycogene › ›
L›arabitol › ›
D›trehalose + +

À¡“¬‡Àμÿ: +ve = gram positive, „Àâº≈‡ªìπ = ›negative, „Àâº≈‡ªìπ = +positive

°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬„π°“√∫”∫—¥πÈ”‡ ’¬„π∂—ß¥—°‰¢¡—π
®“°°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬„π°“√∫”∫—¥πÈ”‡ ’¬„π∂—ß¥—°‰¢¡—π¢π“¥ 100 ≈‘μ√

®“°√â“πÕ“À“√∑’Ë¡’°“√‡μ‘¡‡™◊ÈÕ B. pumilus. strain UBU5 ª√‘¡“≥ 500 ¡‘≈≈‘≈‘μ√ æ∫«à“°√≥’∑’Ë‰¡à¡’°“√
μ—°‰¢¡—π (∂—ß∑’Ë 6) ¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥πÈ”¡—π·≈–‰¢¡—π¥’∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ °√≥’μ—°‰¢¡—π∑ÿ° —ª¥“Àå
(∂—ß∑’Ë 5) ·≈–μ—°‰¢¡—π∑ÿ°«—π (∂—ß∑’Ë 4) ¡’ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥‡©≈’Ë¬‡∑à“°—∫ 73.2 ± 9.05%, 53.66 ±

17.52% ·≈– 46.28 ± 18.93% μ“¡≈”¥—∫  ”À√—∫ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥‰¢¡—π·≈–πÈ”¡—π„π∂—ß¥—°
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‰¢¡—π¢π“¥ 60 ≈‘μ√ ®“°§√—«‡√◊Õπ∑’Ë‰¡à¡’°“√‡μ‘¡‡™◊ÈÕ B. pumilus. strain UBU5 æ∫«à“°√≥’∑’Ë‰¡à¡’°“√μ—°
‰¢¡—π (∂—ß∑’Ë 3) ¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥πÈ”¡—π·≈–‰¢¡—π¥’∑’Ë ÿ¥√Õß≈ß¡“§◊Õ °√≥’μ—°‰¢¡—π∑ÿ° —ª¥“Àå
(∂—ß∑’Ë 2) ·≈–μ—°‰¢¡—π∑ÿ°«—π (∂—ß∑’Ë 1) ¡’ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥‡©≈’Ë¬‡∑à“°—∫ 60.09 ± 10.86%, 52.00 ±

7.21% ·≈– 47.91 ± 25.32% μ“¡≈”¥—∫ (μ“√“ß∑’Ë 4)

μ“√“ß∑’Ë 4 ª√– ‘∑∏‘¿“æ°“√∫”∫—¥πÈ”¡—π·≈–‰¢¡—π ¢ÕßπÈ”‡ ’¬„π∫àÕ¥—°‰¢¡—π¥â«¬∂—ß¥—°‰¢¡—πÕ¬à“ßßà“¬

≈”¥—∫ √Ÿª·∫∫°“√∑¥≈Õß §«“¡∂’Ë¢Õß°“√μ—°‰¢¡—π ª√– ‘∑∏‘¿“æ°“√°”®—¥‰¢¡—π
·≈–πÈ”¡—π (%)

∂—ß∑’Ë 1 πÈ”‡ ’¬ ∑ÿ°«—π 47.91 ± 25.32
∂—ß∑’Ë 2 πÈ”‡ ’¬ μ—°∑ÿ° —ª¥“Àå 52.00 ± 7.21
∂—ß∑’Ë 3 πÈ”‡ ’¬ ‰¡àμ—°‰¢¡—π 60.09 ± 10.86
∂—ß∑’Ë 4 πÈ”‡ ’¬ + Bacillus pumilus. ∑ÿ°«—π 46.28 ± 18.93

strain UBU5
∂—ß∑’Ë 5 πÈ”‡ ’¬ + Bacillus pumilus. μ—°∑ÿ° —ª¥“Àå 53.66 ± 17.52

strain UBU5
∂—ß∑’Ë 6 πÈ”‡ ’¬ + Bacillus pumilus. ‰¡àμ—°‰¢¡—π 73.20 ± 9.05

strain UBU5

4.  √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß (Conclusion and discussion)
®“°°“√§—¥·¬°·∫§∑’‡√’¬ Bacillus pumilus. strain UBU5 ®“°πÈ”‡ ’¬æ∫«à“¡’§«“¡ “¡“√∂

„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â¥’∑’Ë ÿ¥ ‚¥¬¡’§à“¥—™π’·≈–§à“°‘®°√√¡‡Õπ‰´¡å‰≈‡ª ‡©≈’Ë¬‡∑à“°—∫ 2.99 ± 0.47
·≈– 287.14 ± 2.86 ¬Ÿπ‘μμàÕ¡‘≈≈‘≈‘μ√ μ“¡≈”¥—∫ ·≈–¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π„π
πÈ”‡ ’¬ —ß‡§√“–Àå∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π‡∑à“°—∫ 250 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·∫§∑’‡√’¬ B. pumilus.
strain UBU5 ¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π Ÿß ÿ¥‡©≈’Ë¬ 99.47 ± 0.25% ·≈–
ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π‡æ‘Ë¡¢÷Èπ
·≈–Õÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡¢Õß·∫§∑’‡√’¬™π‘¥π’È´÷Ëß¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬
 ≈“¬πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬¥’∑’Ë ÿ¥§◊Õ 82.54 ± 0.51% ‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘∑’ËμË”À√◊Õ Ÿß¡“°‡°‘π‰ª àßº≈μàÕ
°“√‡®√‘≠‡μ‘∫‚μ¢Õß·∫§∑’‡√’¬ πÕ°®“°π’Èæ∫«à“∑’Ë√–¬–‡«≈“ 40 ™—Ë«‚¡ß ·∫§∑’‡√’¬ B. pumilus. strain UBU5
¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬¥’∑’Ë ÿ¥§◊Õ 86.11 ± 0.53% · ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ√–¬–
‡«≈“¡“°¢÷Èπ¡’º≈∑”„Àâª√– ‘∑∏‘¿“æ°“√∫”∫—¥πÈ”¡—π·≈–‰¢¡—π‡æ‘Ë¡¢÷Èπ¥â«¬

®“°°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬„π°“√∫”∫—¥πÈ”¡—π·≈–‰¢¡—π„π∂—ß¥—°‰¢¡—π¢π“¥ 100 ≈‘μ√
®“°√â“πÕ“À“√∑’Ë¡’°“√‡μ‘¡‡™◊ÈÕ B. pumilus. strain UBU5 ª√‘¡“≥ 500 ¡‘≈≈‘≈‘μ√ ·≈–∂—ß¥—°‰¢¡—π¢π“¥
60 ≈‘μ√ ®“°§√—«‡√◊Õπ∑’Ë‰¡à¡’°“√‡μ‘¡‡™◊ÈÕ B. pumilus. strain UBU5 °√≥’‰¡à¡’°“√μ—°‰¢¡—πÕÕ°®“°∂—ß¥—°
‰¢¡—π æ∫«à“¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥πÈ”¡—π·≈–‰¢¡—π‡©≈’Ë¬¥’∑’Ë ÿ¥ §◊Õ 73.20 ± 9.05% ·≈– 60.09 ± 10.86%
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μ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“§«“¡∂’Ë„π°“√μ—°‰¢¡—π„π∂—ß¥—°‰¢¡—ππâÕ¬§√—Èß¡’º≈∑”„Àâª√– ‘∑∏‘¿“æ„π°“√°”®—¥
πÈ”¡—π·≈–‰¢¡—π¡“°¢÷Èπ Õ“®‡π◊ËÕß¡“®“°°“√μ—°‰¢¡—πÕÕ°„π·μà≈–§√—Èß¡’‚Õ°“ ∑”„Àâ‡™◊ÈÕ B. pumilus. strain
UBU5 À≈ÿ¥ÕÕ°‰ª°—∫‰¢¡—π∑’Ëμ—°ÕÕ°·≈–®“°°“√μ‘¥μ—Èß∂—ß¥—°‰¢¡—π„π∫â“π‡√◊Õπ·≈–√â“πÕ“À“√„π°“√«‘®—¬
§√—Èßπ’È‡ªìπ°“√μ‘¥μ—Èß∂—ß¥—°‰¢¡—π∑’ËμàÕ®“°Õà“ß≈â“ß®“π‚¥¬μ√ß´÷Ëß‡ªìπ°“√‰À≈¢ÕßπÈ”‡ ’¬·∫∫‰À≈μ“¡°—π (plug
flow) Õ“®∑”„Àâª√‘¡“≥‡™◊ÈÕ B. pumilus. strain UBU5 ∑’Ë‡μ‘¡≈ß‰ª„π∂—ß¥—°‰¢¡—π„π§√—Èß·√°‡æ’¬ß§√—Èß
‡¥’¬«‰À≈√«¡ÕÕ°‰ª°—∫πÈ”∑‘Èß‰¥â·≈–‡¡◊ËÕæ‘®“√≥“¢π“¥¢Õß∂—ß¥—°‰¢¡—π®“°§√—«‡√◊Õπ¢π“¥ 60 ≈‘μ√ ·≈–
®“°√â“πÕ“À“√¢π“¥ 100 ≈‘μ√ æ∫«à“ ¢π“¥¢Õß∂—ß¥—°‰¢¡—π¡’º≈μàÕª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ”¡—π·≈–‰¢¡—π
‡π◊ËÕß®“°§«“¡®ÿ¢Õß∂—ß∑’Ë·μ°μà“ß°—π∑”„ÀâπÈ”‡ ’¬¿“¬„π∂—ß¡’√–¬–‡«≈“æ—°μ—« (hydraulic retention time) ∑’Ë
μà“ß°—π¥â«¬´÷Ëß„π°“√∑¥≈Õß§√—Èßπ’ÈÕ—μ√“°“√‰À≈¢ÕßπÈ”‡ ’¬∑’Ë‡¢â“∂—ß¥—°‰¢¡—π¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥°“√„™âπÈ”®√‘ß¢Õß
·μà≈– ∂“π∑’Ë∑’Ë∑”°“√μ‘¥μ—Èß∂—ß¥—°‰¢¡—π·≈–„ππÈ”‡ ’¬∑’Ë‰À≈‡¢â“∂—ß¥—°‰¢¡—πÕ“®¡’·∫§∑’‡√’¬™π‘¥Õ◊Ëπ∑’Ë¡’§«“¡
 “¡“√∂„π°“√°”®—¥πÈ”¡—π·≈–‰¢¡—π√«¡Õ¬Ÿà¥â«¬ ´÷Ëß„πª√–‡¥Áππ’È∑“ßºŸâ«‘®—¬¬—ß‰¡à “¡“√∂∑’Ë®–§«∫§ÿ¡§ÿ≥≈—°…≥–
¢ÕßπÈ”‡ ’¬∑’Ë‡¢â“∂—ß¥—°‰¢¡—π‰¥â‡π◊ËÕß®“°‡ªìπ°“√„™âß“π®√‘ß ®“°º≈°“√«‘®—¬π’È√â“πÕ“À“√ “¡“√∂π”∂—ß¥—°‰¢¡—π
‰ªª√–¬ÿ°μå„™â„π°“√∫”∫—¥πÈ”‡ ’¬∑’Ëªπ‡ªóôÕππÈ”¡—π·≈–‰¢¡—π‰¥â·≈–πÕ°®“°π’È¬—ß™à«¬≈¥§«“¡∂’Ë„π°“√μ—°
πÈ”¡—π·≈–‰¢¡—πÕÕ°®“°∂—ß¥—°‰¢¡—π ´÷Ëß‡ªìπ°“√≈¥¢—ÈπμÕπ„π°“√ªØ‘∫—μ‘ß“π„π°“√μ—°‰¢¡—π®“°∂—ß¥—°‰¢¡—π
ÕÕ°∑ÿ°«—π‡ªìπ°“√μ—°ÕÕ°Õ¬à“ßπâÕ¬ —ª¥“Àå≈– 1 §√—Èß

„π ¿“«–∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–‰¢¡—π‡æ‘Ë¡¢÷Èπæ∫«à“ B. pumilus. strain UBU5
¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π¡’·π«‚πâ¡≈¥≈ß ‡π◊ËÕß®“°§«“¡‡¢â¡¢âπ‡√‘Ë¡μâπ¢ÕßπÈ”¡—π·≈–
‰¢¡—π∑’Ë¡’ª√‘¡“≥¡“° ∑”„Àâ¡’·√ßμ÷ßº‘«¢ÕßπÈ”¡—π‡§≈◊Õ∫∑’Ëº‘«πÈ”¡“°∑”„Àâ°“√À≈—Ëß‡Õπ‰´¡å‰≈‡ª ≈¥≈ß àßº≈
„Àâ·∫§∑’‡√’¬¡’°“√‡®√‘≠·≈–¡’°‘®°√√¡‡Õπ‰´¡å‰≈‡ª ≈¥≈ß [21] ÷́Ëß Õ¥§≈âÕß°—∫ß“π¢Õß Abooalfazl
·≈–§≥– [22] æ∫«à“ Pseudomonas stutzeri, Acinetobacter baumannii ·≈– Bacillus cereus ¡’
ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢ÕßπÈ”¡—π·≈–‰¢¡—π‡æ‘Ë¡¡“°¢÷Èπ
·∫§∑’‡√’¬ B. pumilus. strain UBU5 ¡’Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡„π°“√¬àÕ¬ ≈“¬‰¢¡—πÕ¬Ÿà∑’Ë 30 Õß»“‡´≈‡ ’́¬ 
´÷Ëß Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈∑’Ë√–∫ÿ«à“ ·∫§∑’‡√’¬ à«π„À≠à®–‡®√‘≠‡μ‘∫‚μ·≈–º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â¥’„πÕÿ≥À¿Ÿ¡‘ Ÿß
[6] ·≈– Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¢Õß Abooalfazl ·≈–§≥– [22] ∑’Ëæ∫«à“ Õÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬ 
·∫§∑’‡√’¬ Pseudomonas sp. ¡’ª√– ‘∑∏‘¿“æ°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π‡∑à“°—∫ 88 ± 2.50% ·≈–‡¡◊ËÕ
Õÿ≥À¿Ÿ¡‘¡“°°«à“ 30 Õß»“‡´≈‡´’¬  ·∫§∑’‡√’¬™π‘¥π’È¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬πÈ”¡—π·≈–‰¢¡—π≈¥≈ß

°“√∫”∫—¥πÈ”‡ ’¬‚¥¬„™â∂—ß¥—°‰¢¡—π∑’Ë¡’°“√‡μ‘¡·∫§∑’‡√’¬ B. pumilus. strain UBU5 ‡æ◊ËÕ„™â
„π√â“πÕ“À“√π—Èπ¡’ª√– ‘∑∏‘¿“æ„π°“√∫”∫—¥πÈ”¡—π·≈–‰¢¡—π ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß æ√æ‘¡≈
¡ÿ¢¢—π∏å ·≈–§≥– [23] ∑’Ëæ∫«à“ Bacillus Subtilis ¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬‰¢¡—πæ◊™·≈–‰¢¡—πÀ¡Ÿ
„ππÈ”‡ ’¬ —ß‡§√“–Àå‰¥â 7.20% ·≈– 10.72% ·≈–ª√–™ÿ¡æ√ ‡≈“Àåª√–‡ √‘∞ ·≈–§≥– [24] æ∫«à“ ·∫§∑’‡√’¬
§—¥ “¬æ—π∏ÿå Bacillus Subtilis ¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬‰¢¡—π¢ÕßπÈ”‡ ’¬®“°‚√ßÕ“À“√
¡À“«‘∑¬“≈—¬¡À“ “√§“¡‰¥â 32.65% μ“¡≈”¥—∫

®“°º≈°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“ß“π«‘®—¬„πÕπ“§μ§«√¡ÿàß‡πâπ‡æ◊ËÕ»÷°…“À“ª√‘¡“≥ —¥ à«π∑’Ë
‡À¡“– ¡¢Õß·∫§∑’‡√’¬ B. pumilus. strain UBU5 ‡æ◊ËÕ√–∫ÿª√‘¡“≥°“√„™â„π ¿“æ∫àÕ¥—°‰¢¡—π®√‘ß ·≈–
‡ª√’¬∫‡∑’¬∫°—∫·∫§∑’‡√’¬™π‘¥Õ◊Ëπ∑’Ë “¡“√∂°”®—¥πÈ”¡—π·≈–‰¢¡—π‰¥â‚¥¬‡ª√’¬∫‡∑’¬∫§«“¡∂’Ë¢Õß®”π«π§√—Èß
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