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∫∑§—¥¬àÕ

‡Õπ‰´¡å‰≈‡ª ‡ªìπ‡Õπ‰´¡å∑’Ë¡’§«“¡ ”§—≠„π°√–∫«π°“√‡∑§‚π‚≈¬’™’«¿“æ ‡π◊ËÕß®“° “¡“√∂
„™â‡Õπ‰´¡å‰≈‡ª ‡ªìπμ—«‡√àß∑“ß™’«¿“æ ÷́Ëß∑”„ÀâªØ‘°‘√‘¬“‡°‘¥¢÷Èπ„π ¿“«–∑’Ë‰¡à√ÿπ·√ß‰¥â „πªí®®ÿ∫—π‡Õπ‰´¡å
‰≈‡ª ∑’Ëº≈‘μ®“°·∫§∑’‡√’¬π—Èπ‡√‘Ë¡‰¥â√—∫§«“¡ π„®¡“°¢÷Èπ ‡æ√“– “¡“√∂„™â„π°√–∫«π°“√√’æÕ≈‘‡¡Õ‰√‡´™—π
æ≈“ μ‘°™’«¿“æ ‡™àπ æÕ≈‘(·Õ≈-·≈°‰∑¥å) ‰¥â ß“π«‘®—¬„π§√—Èßπ’È‰¥â∑”°“√§—¥·¬°·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘μ
‡Õπ‰´¡å‰≈‡ª ®“°¥‘π∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß‰¢¡—π ∫√‘‡«≥¿“§„μâ¢Õßª√–‡∑»‰∑¬·≈–∑”°“√»÷°…“Õß§å-
ª√–°Õ∫¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  ‚¥¬∑”°“√‡°Á∫μ—«Õ¬à“ß¥‘π 100 μ—«Õ¬à“ß
¡“§—¥·¬°∫π Tween 80 agar ·≈â« —ß‡°μ‚´π¢ÿàπ√Õ∫‚§‚≈π’ ´÷Ëß®“°º≈°“√∑¥≈Õßæ∫«à“ “¡“√∂§—¥·¬°
·∫§∑’‡√’¬‰¥â 662 ‰Õ‚´‡≈∑ ‚¥¬∑’Ë‰Õ‚´‡≈∑ PSR5631 ¡’°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª ¡“°∑’Ë ÿ¥∑—Èß„πÕ“À“√
·¢Áß·≈–Õ“À“√‡À≈« ¥—ßπ—Èπ®÷ßπ”‰Õ‚´‡≈∑ PSR5631 ¡“«‘‡§√“–Àå “¬æ—π∏ÿå‚¥¬À“≈”¥—∫‡∫ ∫√‘‡«≥ 16S rRNA
æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫‡™◊ÈÕ Bacillus safensis ‡∑à“°—∫ 99.6% similarity À≈—ß®“°π—Èππ”‰Õ‚´‡≈∑
PSR5631 ¡“»÷°…“ªí®®—¬∑’Ë àßº≈μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  ‡™àπ ·À≈àß§“√å∫Õπ·≈–·À≈àß‰π‚μ√‡®π pH
Õÿ≥À¿Ÿ¡‘ ·≈–√–¬–‡«≈“„π°“√‡≈’È¬ß‡™◊ÈÕ ‚¥¬®“°°“√»÷°…“æ∫«à“  “¬æ—π∏ÿå PSR5631  “¡“√∂º≈‘μ
‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 68.60 U/mL ´÷Ëß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕª√–°Õ∫¥â«¬ πÈ”¡—π√”¢â“« §«“¡‡¢â¡¢âπ
1.5% (v/v) ¬’ μå °—¥ §«“¡‡¢â¡¢âπ 0.32% (w/v) ‚´‡¥’¬¡§≈Õ‰√¥å §«“¡‡¢â¡¢âπ 0.16% (v/w) pH 7.0 ∑’Ë
37 Õß»“‡´≈‡´’¬  π“π 60 ™—Ë«‚¡ß °“√»÷°…“„π§√—Èßπ’Èæ∫«à“·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥âπ—Èπ  “¡“√∂º≈‘μ‡Õπ‰´¡å
‰≈‡ª ‰¥â„πª√‘¡“≥ Ÿß ´÷Ëß “¡“√∂π”‰ªª√–¬ÿ°μå„™â„π¥â“πμà“ßÊ μàÕ‰ª

§” ”§—≠: Bacillus safensis ‡Õπ‰´¡å‰≈‡ª   ¿“«–∑’Ë‡À¡“– ¡
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Optimization of Lipase Production by Bacillus safensis
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ABSTRACT

Lipase is one of the important enzymes for the use in biotechnological processes.
Lipase is a biocatalyst which is active at mild condition. Recently, bacterial lipase has become
very interesting because it can be used for re-polymerization of biodegradable plastics such as
poly(L-lactide). The present work aimed to screen lipase-producing bacteria from oil-contaminated
soil in the South of Thailand and the optimization of medium composition for lipase-production
has also studied. Lipase-producing bacteria with 662 strains were isolated from 100 soil samples
according to opaque zone formation on Tween 80 agar. Bacteria strain PSR5631 exhibited the
highest lipase activities in both agar plate and production medium. It was identified as Bacillus
safensis strain PSR5631 based on 16S rRNA gene sequencing. Moreover, factors influencing
lipase production were investigated in shake flask culture, i.e. carbon and nitrogen sources, pH,
temperature and incubation time. The maximum enzyme activity of 68.60 U/mL was obtained by
using 1.5% (w/v) rice bran oil and 0.32% (w/v) yeast extract as carbon and nitrogen sources,
respectively and using 0.16% (w/v) sodium chloride at pH 7, 37°C and 60 h cultivation. This
study showed that a high lipase production could be found from bacterial isolate and can be used
for further applications.
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∫∑π”
‡Õπ‰´¡å‰≈‡ª  (lipase À√◊Õ triacylglycerol acylhydrolases EC 3.1.1.3) ‡ªìπ‡Õπ‰´¡å∑’Ë

‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ‘́ ∑’Ëμ”·Àπàßæ—π∏–‡Õ ‡∑Õ√å„π‚¡‡≈°ÿ≈¢Õß‰μ√°≈’‡´Õ√å‰√¥å ‡°‘¥‡ªìπ°≈’‡´Õ√Õ≈·≈–
°√¥‰¢¡—πÕ‘ √– πÕ°®“°π’È¬—ß “¡“√∂‡√àßªØ‘°‘√‘¬“°“√ √â“ßæ—π∏–‡Õ ‡∑Õ√å ́ ÷Ëß‡ªìπªØ‘°‘√‘¬“¬âÕπ°≈—∫‰¥âÕ’°¥â«¬
[1] ‡Õπ‰´¡å‰≈‡ª  “¡“√∂æ∫‰¥â∑—Èß„π —μ«å æ◊™ ·∫§∑’‡√’¬ ¬’ μå ·≈–√“ ·μà‡Õπ‰´¡å‰≈‡ª ∑’Ëº≈‘μ®“°
®ÿ≈‘π∑√’¬å‰¥â√—∫§«“¡ π„®∑—Èß„π√–¥—∫ÀâÕßªØ‘∫—μ‘°“√ ·≈–√–¥—∫Õÿμ “À°√√¡ ‡π◊ËÕß®“° “¡“√∂º≈‘μ‡Õπ‰´¡å
‰≈‡ª ‰¥â„πª√‘¡“≥ Ÿß ™à«¬≈¥μâπ∑ÿπ°“√º≈‘μ „™â√–¬–‡«≈“„π°“√‡®√‘≠∑’Ë —Èπ ·≈–ßà“¬μàÕ°“√‡°Á∫‡°’Ë¬« ‡Õπ‰´¡å
‰≈‡ª ‰¥â∂Ÿ°π”¡“ª√–¬ÿ°μå„™â„πÕÿμ “À°√√¡∑’ËÀ≈“°À≈“¬ ‡™àπ ‡ªìπ “√ª√ÿß·μàß°≈‘Ëπ√   “√™–≈â“ß ‡§√◊ËÕß
 ”Õ“ß ‡§√◊ËÕßÀπ—ß ‡«™¿—≥±å ·≈–„™â„π°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬ ‡ªìπμâπ πÕ°®“°π’È‡Õπ‰´¡å‰≈‡ª ¬—ß¡’
§«“¡ “¡“√∂„π°“√ —ß‡§√“–Àå·≈–¬àÕ¬ ≈“¬æ≈“ μ‘°™π‘¥ PLA Õ’°¥â«¬ [2] ·μà°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 
®“°®ÿ≈‘π∑√’¬åπ—Èπ¬—ß§ß∂Ÿ°®”°—¥¥â«¬ªí®®—¬∑“ß°“¬¿“æ·≈–ªí®®—¬∑“ß‡§¡’ ‡™àπ Õÿ≥À¿Ÿ¡‘ pH √–¬–‡«≈“„π°“√
‡≈’È¬ß‡™◊ÈÕ ·≈–Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ [3] ®“°ªí®®—¬¥—ß°≈à“«®÷ß‰¥â¡’ß“π«‘®—¬‡°’Ë¬«°—∫°“√
»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª Õ¬à“ß¡“°¡“¬ Õ“∑‘ Wolski ·≈–§≥– [1] ‰¥â∑”°“√
»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“°‡™◊ÈÕ Penicillium sp. ‚¥¬„™â°“√ÕÕ°·∫∫°“√
∑¥≈Õß∑“ß ∂‘μ‘æ∫«à“ °‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß ÿ¥‰¥â‡∑à“°—∫ 9.5 U/mL ‡¡◊ËÕ∑”°“√‡≈’È¬ß‡™◊ÈÕ‡ªìπ‡«≈“
96 ™—Ë«‚¡ß ´÷ËßÕ“À“√‡≈’È¬ß‡™◊ÈÕª√–°Õ∫¥â«¬ peptone §«“¡‡¢â¡¢âπ 20.0 g/L yeast extract §«“¡‡¢â¡¢âπ
5.0 g/L NaCl §«“¡‡¢â¡¢âπ 5.0 g/L ·≈– olive oil §«“¡‡¢â¡¢âπ 10.0 g/L pH 4.9-5.5 Õÿ≥À¿Ÿ¡‘
37-40°C μàÕ¡“ß“π«‘®—¬¢Õß Dutta ·≈–§≥– [2] ‰¥â∑”°“√»÷°…“°“√º≈‘μ alkaline thermostable
crude lipase ®“°‡™◊ÈÕ Bacillus cereus C7 æ∫«à“ °‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß ÿ¥‡∑à“°—∫ 33 ± 0.567
IU/mL ÷́Ëßª√–°Õ∫¥â«¬ ·ªÑß §«“¡‡¢â¡¢âπ 2% (w/v) NH4SO2 §«“¡‡¢â¡¢âπ 0.1% (w/v) peptone
§«“¡‡¢â¡¢âπ 2% (w/v) ·≈– ¬Ÿ‡√’¬ §«“¡‡¢â¡¢âπ 0.1% (w/v) pH 8.0 ∑’ËÕÿ≥À¿Ÿ¡‘ 30-33°C π“π
24 ™—Ë«‚¡ß  à«πß“π«‘®—¬¢Õß Papagora ·≈–§≥– [4] ‰¥â»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å
‰≈‡ª ®“°‡™◊ÈÕ Debaryomyces hansenii æ∫«à“ Õß§åª√–°Õ∫¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡À¡“– ¡μàÕ°“√
º≈‘μ‡Õπ‰´¡å‰≈‡ª ª√–°Õ∫¥â«¬ yeast extract §«“¡‡¢â¡¢âπ 5.0 g/L peptone §«“¡‡¢â¡¢âπ 10.0 g/L
K2HPO4 §«“¡‡¢â¡¢âπ 4.0 g/L MgSO4.7H2O §«“¡‡¢â¡¢âπ 1.0 g/L glucose §«“¡‡¢â¡¢âπ 13.1 g/L
olive oil §«“¡‡¢â¡¢âπ 19.0 g/L ·≈– Tween 80 §«“¡‡¢â¡¢âπ 3.8 g/L pH 6.4 ∑’ËÕÿ≥À¿Ÿ¡‘ 30°C π“π
72 ™—Ë«‚¡ß ¡’°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß ÿ¥§◊Õ 7.44 U/mL ·≈–ß“π«‘®—¬¢Õß Almeida ·≈–§≥– [3]
∑”°“√»÷°…“ªí®®—¬¢Õß·À≈àß§“√å∫Õπ·≈–·À≈àß‰π‚μ√‡®πμàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“°‡™◊ÈÕ Candida
viswanathii ®“°°“√∑¥≈Õßæ∫«à“‡¡◊ËÕ„™â olive oil ∑’Ë§«“¡‡¢â¡¢âπ 1.5% (v/w) yeast extract §«“¡
‡¢â¡¢âπ 0.2% (w/w) pH 7.0 ∑’ËÕÿ≥À¿Ÿ¡‘ 28°C π“π 72 ™—Ë«‚¡ß ¡’°‘®°√√¡‡Õπ‰´¡å‰≈‡ª  Ÿß ÿ¥§◊Õ
86.50 ± 9.62 U ®“°ß“π«‘®—¬¢â“ßμâπ· ¥ß„Àâ‡ÀÁπ«à“Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡À¡“– ¡μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 
‰¥â Ÿß ÿ¥π—Èπ¢÷ÈπÕ¬Ÿà°—∫™π‘¥·≈– “¬æ—π∏ÿå¢Õß®ÿ≈‘π∑√’¬å ‚¥¬∑’ËÕß§åª√–°Õ∫¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ à«π„À≠àπ—Èπ
ª√–°Õ∫¥â«¬·À≈àß§“√å∫Õπ ‚¥¬‡©æ“–·À≈àß§“√å∫Õπ∑’Ë‡ªìπ hydrophobic substrate ´÷Ëß‡ªìπμ—«‡Àπ’Ë¬«
π” (inducer) ‡æ◊ËÕ™à«¬„Àâ‡°‘¥°“√™—°π”„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  ·≈–·À≈àß‰π‚μ√‡®π∑’Ë‡ªìπ∑—Èß “√Õ‘π∑√’¬å
·≈– “√Õπ‘π∑√’¬å ´÷Ëß¡’∫∑∫“∑ ”§—≠„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‚¥¬∑’Ë‰π‚μ√‡®π∑’Ë‡ªìπ “√Õπ‘π∑√’¬åπ—Èπ



SWU Sci. J. Vol. 32 No. 1 (2016)118

®ÿ≈‘π∑√’¬å “¡“√∂π”‰ª„™â„π°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡‰¥âÕ¬à“ß√«¥‡√Á« „π¢≥–∑’Ë‰π‚μ√‡®π∑’Ë‡ªìπ “√Õ‘π∑√’¬å
π—Èπ¡’§«“¡ ”§—≠μàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡´≈≈å ·≈–‡´≈≈åμâÕß°“√°√¥Õ–¡‘‚π‡æ◊ËÕ„™â„π°√–∫«π°“√‡¡·∑∫Õ≈‘́ ÷¡
·≈–°“√ —ß‡§√“–Àå‡Õπ‰´¡å‰≈‡ª  πÕ°®“°π’Èªí®®—¬Õ◊ËπÊ ‡™àπ pH √–¬–‡«≈“°“√‡≈’È¬ß‡™◊ÈÕ·≈–Õÿ≥À¿Ÿ¡‘°Á¡’
§«“¡ ”§—≠μàÕ°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‡™àπ°—π [3] ¥—ßπ—Èπ„πß“π«‘®—¬„π§√—Èßπ’È
®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ§—¥·¬°®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ ·≈–∑”°“√»÷°…“ ¿“«–∑’Ë
‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‡æ◊ËÕπ”‰ª„™âª√–‚¬™πå„π¥â“πμà“ßÊ μàÕ‰ª

«‘∏’¥”‡π‘π°“√«‘®—¬
1. °“√§—¥·¬°·≈–®—¥®”·π°·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“°¥‘π

μ—«Õ¬à“ß¥‘π∑’Ë„™â„πß“π«‘®—¬π’È¡’®”π«π 100 μ—«Õ¬à“ß ´÷Ëß‡°Á∫¥‘π¡“®“° 3 ®—ßÀ«—¥∑“ß¿“§„μâ¢Õß
ª√–‡∑»‰∑¬ ¥—ßπ’È ®—ßÀ«—¥‡æ™√∫ÿ√’ 24 μ—«Õ¬à“ß ®—ßÀ«—¥ª√–®«∫§’√’¢—π∏å 16 μ—«Õ¬à“ß ·≈– ®—ßÀ«—¥™ÿ¡æ√
60 μ—«Õ¬à“ß À≈—ß®“°π—Èπ™—Ëßμ—«Õ¬à“ß¥‘π 1 °√—¡ „ à≈ß„π Enrichment medium ª√‘¡“μ√ 50 mL ́ ÷Ëßª√–°Õ∫¥â«¬
peptone §«“¡‡¢â¡¢âπ 0.05% (w/v) KH2PO4 0.15% (w/v) Na2HPO4 0.1% (w/v) MgSO4 0.05%
(w/v) (NH4)2SO4 0.5% (w/v) NaCl 0.05% (w/v) ·≈– Tween 80 §«“¡‡¢â¡¢âπ 12% (w/v) ¥—¥·ª≈ß
®“° Ma ·≈–§≥– [5] π”‰ª∫à¡„π‡§√◊ËÕß‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37°C §«“¡‡√Á« 200 rpm π“π 2 «—π À≈—ß®“°
π—Èππ”μ—«Õ¬à“ß¡“‡®◊Õ®“ß∑’Ë√–¥—∫§«“¡‡®◊Õ®“ß∑’Ë‡À¡“– ¡ (10-5-10-7) ·≈â«π”μ—«Õ¬à“ß∑’Ë‡®◊Õ®“ß„π·μà≈–
√–¥—∫¡“§—¥·¬°·∫§∑’‡√’¬‚¥¬«‘∏’ spread plate ∫πÕ“À“√ Tween 80 agar ´÷Ëßª√–°Õ∫¥â«¬ peptone
10 g/L NaCl 5 g/L CaCl2.2H2O 0.1 g/L ·≈– agar 15 g/L À≈—ß®“°π—Èππ”®“π‡æ“–‡≈’È¬ß‡™◊ÈÕ‰ª∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ 37°C ‡ªìπ‡«≈“ 2 «—π À≈—ß®“°π—Èππ—∫®”π«π‚§‚≈π’·∫§∑’‡√’¬∑—ÈßÀ¡¥·≈–·∫§∑’‡√’¬∑’Ë √â“ß
‡Õπ‰´¡å‰≈‡ª  ‚¥¬ —ß‡°μ∫√‘‡«≥¢ÿàπ√Õ∫Ê ‚§‚≈π’ ∑”°“√‡≈◊Õ°‚§‚≈π’∑’Ë¡’ ’ √Ÿª√à“ß ·≈–≈—°…≥–‚§‚≈π’
∑’Ë·μ°μà“ß°—π„π·μà≈–®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ¡“ cross streak ∫πÕ“À“√ Tween 80 agar ®π‰¥â‚§‚≈π’‡¥’Ë¬«
·≈â«π”‰ª®ÿ¥∫π Tween 80 agar ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37°C ‡ªìπ‡«≈“ 2 «—π «—¥∫√‘‡«≥¢ÿàπ√Õ∫‚§‚≈π’ ‡æ◊ËÕ„™â
§—¥‡≈◊Õ°·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  ‚¥¬„™â«‘∏’°“√§”π«≥¢Õß Bai ·≈–§≥– [6]

¥—™π’‡Õπ‰´¡å = ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß∫√‘‡«≥¢ÿàπ (‡´πμ‘‡¡μ√)
‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß‚§‚≈π’ (‡´πμ‘‡¡μ√)

‡≈◊Õ°‚§‚≈π’∑’Ë¡’§à“¥—™π’‡Õπ‰´¡åμ—Èß·μà 2.5 ¢÷Èπ‰ª ¡“∑”°“√«—¥°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª μ“¡
«‘∏’¢âÕ 2 ·≈– 3 μ“¡≈”¥—∫ ·≈–‡¡◊ËÕ‰¥â·∫§∑’‡√’¬∑’Ë √â“ß‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ π”·∫§∑’‡√’¬¡“∑”°“√®—¥
®”·π°‚¥¬°“√»÷°…“ —≥∞“π«‘∑¬“ °“√»÷°…“√Ÿª√à“ß‚¥¬°“√¬âÕ¡·°√¡¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå·∫∫„™â· ß
(light microscope) À≈—ß®“°π—Èπ∑”°“√«‘‡§√“–Àå “¬æ—π∏ÿå·∫§∑’‡√’¬‚¥¬„™â«‘∏’°“√À“≈”¥—∫‡∫ ∫√‘‡«≥ 16S
rRNA gene ‚¥¬„™â Universal primer 27F ·≈– 1492R (5′ AGAGTTTGATCMTGGCTCAG 3′

·≈– 5′ TACGGYTACCTTGTTACGACTT 3′) μ“¡≈”¥—∫ π”≈”¥—∫‡∫ ∑’Ë‰¥â¡“ Blast ‚¥¬„™â
∞“π¢âÕ¡Ÿ≈®“° National Center of Biotechnology Information (NCBI)
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2. °“√‡μ√’¬¡À—«‡™◊ÈÕ·≈–°“√º≈‘μ‡Õπ‰´¡å
π”·∫§∑’‡√’¬∑’Ë§—¥·¬°¡“‡≈’È¬ß„πÕ“À“√ Tween 80 broth ª√‘¡“μ√ 50 mL À≈—ß®“°π—Èπ∂à“¬

‡™◊ÈÕª√‘¡“μ√ 5 mL ≈ß„π inoculum medium ª√‘¡“μ√ 50 mL π”‰ª∫à¡„π‡§√◊ËÕß‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37°C
§«“¡‡√Á« 200 rpm π“π 1 «—π «—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 600 nm ‚¥¬„ÀâÕ¬Ÿà„π™à«ß 0.8-1.0 À≈—ß®“°π—Èπ
∂à“¬À—«‡™◊ÈÕ ª√‘¡“μ√ 5 mL ≈ß„π production medium ∑’Ëª√–°Õ∫¥â«¬ πÈ”¡—π¡–°Õ° (olive oil)
§«“¡‡¢â¡¢âπ 0.5% (v/v) CASO §«“¡‡¢â¡¢âπ 0.12% (v/v) ( ÷́Ëßª√–°Õ∫¥â«¬ casein peptone 17 g/L,
glucose 2.5 g/L ·≈– soy peptone 3 g/L) ·≈– NaCl §«“¡‡¢â¡¢âπ 0.16% (w/v) ¥—¥·ª≈ß®“° Liu
·≈–§≥– [7] ª√‘¡“μ√ 50 mL ∫à¡„π‡§√◊ËÕß‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37°C §«“¡‡√Á« 200 rpm π“π 2 «—π

3. °“√«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª 
À≈—ß®“°≈ßÀ—«‡™◊ÈÕ„π production medium π“π 2 «—π ∑”°“√ªíòπ‡À«’Ë¬ß·¬°‡´≈≈åÕÕ°∑’Ë

§«“¡‡√Á«√Õ∫ 14,000 xg ‡ªìπ‡«≈“ 5 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4°C ¥Ÿ¥ à«π„ ‡æ◊ËÕ„™â„π°“√«‘‡§√“–Àå°‘®°√√¡¢Õß
‡Õπ‰´¡å‰≈‡ª  ´÷Ëß°“√«—¥°‘®°√√¡‡Õπ‰´¡å‰≈‡ª π—Èπ¥—¥·ª≈ß®“° Anbu ·≈–§≥– [8] ∑”‚¥¬„™â‡Õπ‰´¡å
‰≈‡ª ª√‘¡“μ√ 240 μL ∑”ªØ‘°‘√‘¬“°—∫ “√≈–≈“¬ p-nitrophenylpalmitate ª√‘¡“μ√ 240 μL ∑’ËÕÿ≥À¿Ÿ¡‘
37°C π“π 10 π“∑’ À¬ÿ¥ªØ‘°‘√‘¬“¥â«¬‡Õ∑“πÕ≈§«“¡‡¢â¡¢âπ 95% (v/v) ª√‘¡“μ√ 560 μL πÌ“‰ª«—¥
§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë 410 nm ·≈â«πÌ“¡“‡∑’¬∫°—∫°√“ø¡“μ√∞“π¢Õß p-nitrophenol ‚¥¬°Ì“Àπ¥„Àâ 1 Àπà«¬
¢Õß‡Õπ‰´¡å‰≈‡ª  À¡“¬∂÷ß ª√‘¡“≥‡Õπ‰´¡å∑’Ë‡√àßªØ‘°‘√‘¬“°“√¬àÕ¬ p-nitrophenylpalmitate „Àâ‰¥â
p-nitrophenol 1 ‰¡‚§√‚¡≈μàÕπ“∑’ ¿“¬„μâ ¿“«–∑’Ë„™â„π°“√∑¥≈Õß

4. °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 
4.1 »÷°…“º≈¢Õß√–¬–‡«≈“·≈–°“√‡®√‘≠¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â ¡“∑”°“√»÷°…“º≈¢Õß√–¬–‡«≈“ ‚¥¬°“√∂à“¬À—«‡™◊ÈÕª√‘¡“μ√
5 mL ≈ß„π production medium ª√‘¡“μ√ 50 mL ∑”°“√‡°Á∫μ—«Õ¬à“ß∑ÿ°Ê 6 ™—Ë«‚¡ß ‚¥¬‡√‘Ë¡μ—Èß·μà™—Ë«‚¡ß
∑’Ë 0 ∂÷ß«—π∑’Ë 5 À≈—ß®“°π—Èππ”¡“»÷°…“°“√‡®√‘≠¢Õß·∫§∑’‡√’¬ ‚¥¬π”μ—«Õ¬à“ß∑’Ë√–¬–‡«≈“μà“ßÊ ¡“‡®◊Õ®“ß
¥â«¬πÈ”°≈—Ëπª≈Õ¥‡™◊ÈÕ ∑’Ë√–¥—∫§«“¡‡®◊Õ®“ß∑’Ë‡À¡“– ¡ (10-4-10-6) ·≈â«π”μ—«Õ¬à“ß∑’Ë‡®◊Õ®“ß„π·μà≈–√–¥—∫
¡“§—¥·¬°·∫§∑’‡√’¬‚¥¬«‘∏’ spread plate ∫πÕ“À“√ Nutrient Agar (NA) π”®“π‡æ“–‡≈’È¬ß‡™◊ÈÕ‰ª∫à¡
∑’ËÕÿ≥À¿Ÿ¡‘ 37°C ‡ªìπ‡«≈“ 2 «—π π—∫®”π«π‚§‚≈π’·∫§∑’‡√’¬∑—ÈßÀ¡¥ ·≈–«—¥°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª 
μ“¡«‘∏’¢âÕ 3

4.2 »÷°…“º≈¢Õß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß·À≈àß§“√å∫Õπ
π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â ´÷Ëß∑’Ëºà“π°“√»÷°…“º≈¢Õß√–¬–‡«≈“„π°“√‡®√‘≠¢Õß·∫§∑’‡√’¬

„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ ¡“∑”°“√»÷°…“™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß·À≈àß§“√å∫Õπ„π°“√º≈‘μ
‡Õπ‰´¡å‰≈‡ª  ‚¥¬π”À—«‡™◊ÈÕª√‘¡“μ√ 5 mL ∂à“¬≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ production medium ª√‘¡“μ√
50 mL ÷́Ëßª√–°Õ∫¥â«¬·À≈àß§“√å∫Õπ™π‘¥μà“ßÊ ¥—ßπ’È πÈ”¡—π¡–°Õ° (olive oil) πÈ”¡—π¢â“«‚æ¥
(corn oil) πÈ”¡—π§“‚π≈à“ (canola oil) πÈ”¡—πß“ (sesami oil) πÈ”¡—π¥Õ°∑“πμ–«—π (sunflower oil)
πÈ”¡—π∂—Ë«‡À≈◊Õß (soybean oil) πÈ”¡—π¡–æ√â“« (coconut cooking oil) πÈ”¡—π‡¡≈Á¥™“¥Õ°§“¡‘≈‡≈’¬
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(camellia tea oil) ·≈–πÈ”¡—π√”¢â“« (rice bran oil) ∑’Ë§«“¡‡¢â¡¢âπ 0.5% (v/v) CASO §«“¡‡¢â¡¢âπ
0.12% (v/v) ·≈– NaCl §«“¡‡¢â¡¢âπ 0.16% (w/v) À≈—ß®“°π—Èπ«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª 
μ“¡«‘∏’¢âÕ 3 ∑”°“√‡≈◊Õ°·À≈àß§“√å∫Õπ∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â„πª√‘¡“≥∑’Ë Ÿß ÿ¥ ¡“»÷°…“§«“¡
‡¢â¡¢âπ¢Õß·À≈àß§“√å∫Õπ μ“¡«‘∏’°“√∑¥≈Õß¢â“ßμâπ ‚¥¬»÷°…“§«“¡‡¢â¡¢âπ¢Õß·À≈àß§“√å∫Õπ ‡∑à“°—∫
0.5, 1.5, 2.5, 3.5, 4.5 ·≈– 5.5% (v/v) μ“¡≈”¥—∫

4.3 »÷°…“º≈¢Õß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π
π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â¡“∑”°“√»÷°…“§«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π„π°“√º≈‘μ

‡Õπ‰´¡å‰≈‡ª  ‚¥¬π”À—«‡™◊ÈÕª√‘¡“μ√ 5 mL ∂à“¬≈ß„π production medium ª√‘¡“μ√ 50 mL ´÷Ëßª√–°Õ∫
¥â«¬ °“√»÷°…“º≈¢Õß√–¬–‡«≈“„π°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ ·À≈àß·≈–
§«“¡‡¢â¡¢âπ¢Õß§“√å∫Õπ∑’Ë‡À¡“– ¡®“°°“√∑¥≈Õß∑’Ëºà“π¡“ NaCl §«“¡‡¢â¡¢âπ 0.16% (w/v) ·≈–„™â
yeast extract, peptone tryptose, (NH4)2SO4, NH4NO3 ·≈– NH4Cl ‡ªìπ·À≈àß‰π‚μ√‡®π·∑π CASO
∑’Ë§«“¡‡¢â¡¢âπ 0.12% (v/v) À≈—ß®“°π—Èπ«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª μ“¡«‘∏’¢âÕ 3 ∑”°“√‡≈◊Õ°
·À≈àß‰π‚μ√‡®π∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â„πª√‘¡“≥∑’Ë Ÿß ÿ¥ ¡“»÷°…“§«“¡‡¢â¡¢âπ¢Õß·À≈àß
‰π‚μ√‡®πμ“¡«‘∏’°“√∑¥≈Õß¢â“ßμâπ ‚¥¬»÷°…“§«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π∑’Ë§«“¡‡¢â¡¢âπ‡∑à“°—∫ 0.02,
0.12, 0.22, 032, 0.42 ·≈– 0.52% (w/v) μ“¡≈”¥—∫

4.4 »÷°…“§«“¡‡¢â¡¢âπ¢Õß NaCl
π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â¡“∑”°“√»÷°…“§«“¡‡¢â¡¢âπ¢Õß NaCl „π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 

‚¥¬π”À—«‡™◊ÈÕª√‘¡“μ√ 5 mL ∂à“¬≈ß„π production medium ª√‘¡“μ√ 50 mL ÷́Ëßª√–°Õ∫¥â«¬ °“√
»÷°…“º≈¢Õß√–¬–‡«≈“„π°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ ™π‘¥·≈–§«“¡‡¢â¡¢âπ
¢Õß§“√å∫Õπ ™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß‰π‚μ√‡®π∑’Ë‡À¡“– ¡ À≈—ß®“°π—Èπ»÷°…“§«“¡‡¢â¡¢âπ¢Õß NaCl
∑’Ë§«“¡‡¢â¡¢âπ‡∑à“°—∫ 0, 0.16, 0.32, 0.48 ·≈– 0.64% (w/v) μ“¡≈”¥—∫ À≈—ß®“°π—Èπ«‘‡§√“–Àå°‘®°√√¡
¢Õß‡Õπ‰´¡å‰≈‡ª μ“¡«‘∏’¢âÕ 3

4.5 »÷°…“ pH
π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â¡“∑”°“√»÷°…“º≈¢Õß§à“æ’‡Õ™μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 

‚¥¬π”À—«‡™◊ÈÕª√‘¡“μ√ 5 mL ∂à“¬≈ß„π production medium ª√‘¡“μ√ 50 mL ∑”°“√ª√—∫ pH ¢Õß
production medium ∑’Ëºà“π°“√»÷°…“º≈¢Õß√–¬–‡«≈“„π°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„π°“√º≈‘μ‡Õπ‰´¡å
‰≈‡ª ‰¥â Ÿß ÿ¥ ™π‘¥·≈–§«“¡‡¢â¡¢âπ§“√å∫Õπ ™π‘¥·≈–§«“¡‡¢â¡¢âπ‰π‚μ√‡®π ·≈–§«“¡‡¢â¡¢âπ NaCl
∑’Ë‡À¡“– ¡·≈â« ‚¥¬ª√—∫ pH „Àâ¡’§à“‡∑à“°—∫ 5, 5.5, 6.0, 6.5, 7, 7.5 ·≈– 8 À≈—ß®“°π—Èπ«‘‡§√“–Àå
°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª μ“¡«‘∏’¢âÕ 3

4.6 »÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘
π”·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â ¡“∑”°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  ‚¥¬

π”À—«‡™◊ÈÕª√‘¡“μ√ 5 mL ∂à“¬≈ß„π production medium ª√‘¡“μ√ 50 mL ∑’Ëºà“π°“√»÷°…“º≈¢Õß√–¬–
‡«≈“„π°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥, ™π‘¥·≈–§«“¡‡¢â¡¢âπ§“√å∫Õπ,
™π‘¥·≈–§«“¡‡¢â¡¢âπ‰π‚μ√‡®π §«“¡‡¢â¡¢âπ NaCl ·≈– pH ∑’Ë‡À¡“– ¡·≈â« ‚¥¬π”‰ª∫à¡„π‡§√◊ËÕß‡¢¬à“
∑’ËÕÿ≥À¿Ÿ¡‘ 37, 40, 45 ·≈– 50°C À≈—ß®“°π—Èπ«‘‡§√“–Àå°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª μ“¡«‘∏’¢âÕ 3
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5. °“√«‘‡§√“–Àåº≈∑“ß ∂‘μ‘
∑”°“√«‘‡§√“–Àåº≈∑“ß ∂‘μ‘ one way ANOVA ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¥â«¬«‘∏’ LSD ∑’Ë√–¥—∫

π—¬ ”§—≠ (p < 0.05) ‚¥¬„™â‚ª√·°√¡ PASW Statistic 18, SPSS Inc.

º≈°“√«‘®—¬
1. °“√§—¥‡≈◊Õ°·≈–®—¥®”·π°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª 

®“°μ—«Õ¬à“ß¥‘π 100 μ—«Õ¬à“ß  “¡“√∂·¬°‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â
∑—ÈßÀ¡¥ 662 ‰Õ‚´‡≈∑ ®“°π—Èπ∑”°“√§—¥‡≈◊Õ°‰Õ‚´‡≈∑∑’Ëº≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥∫πÕ“À“√ Tween
80 agar ‚¥¬∑”°“√ —ß‡°μ‚´π¢ÿàπ√Õ∫Ê ‚§‚≈π’ ·≈â«π”¡“§”π«≥¥—™π’‡Õπ‰´¡å À≈—ß®“°π—Èπ∑”°“√
§—¥‡≈◊Õ°·∫§∑’‡√’¬∑’Ë¡’§à“¥—™π’‡Õπ‰´¡å¡“°°«à“ 2.5 ´÷Ëß¡’∑—ÈßÀ¡¥ 74 ‰Õ‚´‡≈∑ ·≈–‡¡◊ËÕπ”¡“«—¥°‘®°√√¡¢Õß
‡Õπ‰´¡å æ∫«à“ ‰Õ‚´‡≈∑ PSR5631 ¡’°‘®°√√¡¢Õß‡Õπ‰´¡å Ÿß ÿ¥§◊Õ 8.89 U/mL √Õß≈ß¡“§◊Õ‰Õ‚´‡≈∑
TWL962 PNT7521 ·≈– PNT1153 ¡’°‘®°√√¡‡Õπ‰´¡å‰≈‡ª ‡∑à“°—∫ 7.69, 7.51 ·≈– 7.45 U/mL
μ“¡≈”¥—∫ ¥—ßπ—Èπ®÷ß‡≈◊Õ°‰Õ‚´‡≈∑ PSR5631 ¡“®—¥®”·π° ‚¥¬°“√»÷°…“ —≥∞“π«‘∑¬“ æ∫«à“≈—°…≥–
‚§‚≈π’¡’¢π“¥‡≈Á° ¢Õ∫À¬—°‡≈Á°πâÕ¬ ‚§‚≈π’πŸπ‡¬‘È¡ ‚§‚≈π’¡’ ’π«≈ ‡¡◊ËÕπ”¡“¬âÕ¡·°√¡æ∫«à“‡ªìπ
·∫§∑’‡√’¬·°√¡∫«° ¡’≈—°…≥–√Ÿª√à“ß‡ªìπ∑àÕπ  √â“ß‡Õπ‚¥ ªÕ√å ·≈–‡¡◊ËÕ«‘‡§√“–ÀåÀ“≈”¥—∫‡∫ ∫√‘‡«≥
16S rRNA æ∫«à“ PSR5631 ¡’§«“¡§≈â“¬§≈÷ß°—∫‡™◊ÈÕ Bacillus safensis ‡∑à“°—∫ 99.6% similarity
¥—ßπ—Èπ®÷ß√–∫ÿ‰¥â«à“‡ªìπ‡™◊ÈÕ B. safensis  “¬æ—π∏ÿå PSR5631

2. °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 
2.1 º≈¢Õß√–¬–‡«≈“„π°“√‡≈’È¬ß‡™◊ÈÕ

®“°°“√»÷°…“√–¬–‡«≈“„π°“√‡≈’È¬ß‡™◊ÈÕμàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° “¬æ—π∏ÿå PSR5631
æ∫«à“ ∑’Ë√–¬–‡«≈“ 60 ™—Ë«‚¡ß ‚¥¬∑’Ë°“√‡®√‘≠¢Õß·∫§∑’‡√’¬π—ÈπÕ¬Ÿà„π™à«ßª≈“¬¢Õß stationary phase
‡™◊ÈÕ “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 7.18 U/mL ·≈–‡¡◊ËÕ√–¬–‡«≈“‡æ‘Ë¡¢÷Èπ°‘®°√√¡¢Õß‡Õπ‰´¡å
‰≈‡ª ≈¥≈ßÕ¬à“ßμàÕ‡π◊ËÕß ÷́Ëß Õ¥§≈âÕß°—∫°“√‡®√‘≠¢Õß·∫§∑’‡√’¬∑’ËÕ¬Ÿà„π√–¬– death phase (√Ÿª∑’Ë 1)
®“°ß“π«‘®—¬¢Õß Ma ·≈–§≥– [5] ‰¥â∑”°“√§—¥·¬°·≈–√–∫ÿ≈—°…≥–¢Õß·∫§∑’‡√’¬∑’Ëº≈‘μ‡Õπ‰´¡å‰≈‡ª 
„π¡≥±≈‰ÀÀ≈” ª√–‡∑»®’π æ∫«à“ Burkholderia cepacia „™â√–¬–‡«≈“„π°“√‡≈’È¬ß‡™◊ÈÕ 72 ™—Ë«‚¡ß
 “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 10.5 U/mL „π¢≥–∑’Ëß“π«‘®—¬¢Õß Kaushik ·≈–§≥– [9] ∑”°“√
»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  ®“°‡™◊ÈÕ Aspergillus carneus ‚¥¬„™â RSM ®“°°“√
∑¥≈Õßæ∫«à“∑’Ë√–¬–‡«≈“ 96 ™—Ë«‚¡ß  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 12.7 U/mL  à«πß“π«‘®—¬¢Õß
Marimuthu [10] æ∫«à“∑’Ë√–¬–‡«≈“ 48 ™—Ë«‚¡ß  àßº≈„Àâ Staphylococcus hominis  “¡“√∂º≈‘μ
‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ §◊Õ 17.8 U/mL
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√Ÿª∑’Ë 1 °“√»÷°…“√–¬–‡«≈“„π°“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡À¡“– ¡μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° B. safensis
 “¬æ—π∏ÿå PSR5631 (  Number of cell (log CFU/mL),  Lipase activity (U/mL))

2.2 º≈¢Õß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß·À≈àß§“√å∫Õπ
®“°°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‚¥¬ “¬æ—π∏ÿå PSR5631 æ∫

«à“·À≈àß§“√å∫Õπ ‡¡◊ËÕ„™âπÈ”¡—π√”¢â“« πÈ”¡—π¢â“«‚æ¥ πÈ”¡—π‡¡≈Á¥™“¥Õ°§“¡‘≈‡≈’¬ ·≈–πÈ”¡—π¡–°Õ°
 “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â‡∑à“°—∫ 6.94, 6.89, 6.71 ·≈– 6.57 U/mL μ“¡≈”¥—∫ (√Ÿª∑’Ë 2°) ¥—ßπ—Èπ®÷ß
‡≈◊Õ°πÈ”¡—π√”¢â“«‡ªìπ·À≈àß§“√å∫Õπ‡π◊ËÕß®“°¡’√“§“∂Ÿ°°«à“πÈ”¡—π∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ¥—ß∑’Ë°≈à“«¡“
¢â“ßμâπ μàÕ¡“∑”°“√»÷°…“§«“¡‡¢â¡¢âπ¢ÕßπÈ”¡—π√”¢â“« æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ 1.5% (v/v)  “¡“√∂º≈‘μ
‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß∑’Ë ÿ¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ‚¥¬º≈‘μ‡Õπ‰´¡å‰¥â 56.45 U/mL √Õß≈ß¡“§◊Õ∑’Ë§«“¡
‡¢â¡¢âπ 0.5% (v/v) ·≈– 3.5% (v/v) ´÷Ëß “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â‡∑à“°—∫ 47.32 ·≈– 46.36 U/mL
μ“¡≈”¥—∫ (√Ÿª∑’Ë 2¢) ®“°ß“π«‘®—¬∑’Ëºà“π¡“‰¥â¡’°“√»÷°…“º≈¢Õß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß§“√å∫Õπ„π°“√
º≈‘μ‡Õπ‰´¡å‰≈‡ª  ÷́Ëßæ∫«à“™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß§“√å∫Õππ—Èπ ¡’§«“¡·μ°μà“ß°—π‰ª ÷́Ëß¢÷ÈπÕ¬Ÿà°—∫
®ÿ≈‘π∑√’¬å·μà≈– “¬æ—π∏ÿå ‡™àπ ß“π«‘®—¬¢Õß Hamid ·≈–§≥– [11] ∑”°“√§—¥·¬°·≈–√–∫ÿ≈—°…≥–¢Õß
·∫§∑’‡√’¬™Õ∫√âÕπ ∑’Ë “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª „π∫√‘‡«≥∫àÕπÈ”æÿ√âÕπ ª√–‡∑»¡“‡≈‡ ’́¬ æ∫«à“ Bacillus
sp.  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß∂÷ß 4.58 U/mL ‚¥¬„™âπÈ”¡—π¡–°Õ°§«“¡‡¢â¡¢âπ 10% (v/v) ‡ªìπ
·À≈àß§“√å∫Õπ ·μà®“°°“√∑¥≈Õß¢Õß Ma ·≈–§≥– [5] æ∫«à“ Burkholderia cepacia  “¡“√∂„™âπÈ”¡—π
∂—Ë«≈‘ ß∑’Ë§«“¡‡¢â¡¢âπ 2% (v/v) „π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 10.5 U/mL  à«π°“√∑¥≈Õß¢Õß
Burkert ·≈–§≥– [12] ‰¥â∑”°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“°‡™◊ÈÕ Geotrichum
sp. ‚¥¬„™â°“√ÕÕ°·∫∫°“√∑¥≈Õß·∫∫ factorial design ‚¥¬∑”°“√ÕÕ°·∫∫°“√∑¥≈Õß ‚¥¬π”√–¥—∫
¢Õßªí®®—¬∑—ÈßÀ¡¥∑’ËμâÕß°“√»÷°…“¡“„™â„π°“√ÕÕ°·∫∫ ®“°°“√∑¥≈Õßæ∫«à“ ‡¡◊ËÕ„™âπÈ”¡—π∂—Ë«‡À≈◊Õß∑’Ë§«“¡‡¢â¡¢âπ
0.6% (v/v) ‡ªìπ·À≈àß§“√å∫Õπ “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 20 U/mL ·μà‡¡◊ËÕ„™âπÈ”¡—π¡–°Õ°
∑’Ë§«“¡‡¢â¡¢âπ 0.6% (v/v)  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â‡æ’¬ß 17 U/mL ÷́Ëß®“°°“√∑¥≈Õßæ∫«à“
 “¡“√∂„™âπÈ”¡—π√”¢â“«º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß∂÷ß 56.45 U/mL ‡¡◊ËÕ„™âπÈ”¡—π√”¢â“«‡æ’¬ß 1.5% (v/v) ‡∑à“π—Èπ
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√Ÿª∑’Ë 2 °“√»÷°…“º≈¢Õß·À≈àß§“√å∫ÕπμàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° B. safensis  “¬æ—π∏ÿå PSR5631
(°) ™π‘¥¢Õß·À≈àß§“√å∫Õπ (¢) §«“¡‡¢â¡¢âπ¢Õß·À≈àß§“√å∫Õπ ‚¥¬μ—«Õ—°…√¿“…“Õ—ß°ƒ…
∑’Ë·μ°μà“ß°—π„π°√“ø · ¥ß„Àâ‡ÀÁπ§«“¡·μ°μà“ß¢Õß§à“‡©≈’Ë¬„π·μà≈–°“√∑¥≈Õß∑’Ë p < 0.05
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2.3 º≈¢Õß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π
®“°°“√»÷°…“™π‘¥¢Õß·À≈àß‰π‚μ√‡®π„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  æ∫«à“ “¬æ—π∏ÿå PSR5631

‡¡◊ËÕ„™â yeast extract ´÷Ëß‡ªìπ·À≈àß‰π‚μ√‡®π∑’Ë‡ªìπ “√Õ‘π∑√’¬å „π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª  “¡“√∂º≈‘μ
‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥Õ¬à“ß¡’√–¥—∫π—¬ ”§—≠∑à“°—∫ 68.60 U/mL (√Ÿª∑’Ë 3°) „π¢≥–∑’Ë·À≈àß‰π‚μ√‡®π∑’Ë
‡ªìπ “√Õπ‘π∑√’¬åπ—Èπ “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª „π√–¥—∫∑’ËμË”¡“° ¥—ßπ—Èπ®÷ß‡≈◊Õ° yeast extract ¡“»÷°…“
§«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ 0.32% (w/v)  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â‡∑à“°—∫
68.60 U/mL (√Ÿª∑’Ë 3¢) ÷́Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß Marimuthu [10] æ∫«à“‡¡◊ËÕ„™â yeast extract
∑’Ë§«“¡‡¢â¡¢âπ 0.5% (w/v)  àßº≈„Àâ Staphylococcus hominis  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥
§◊Õ 19.5 U/mL ·μàß“π«‘®—¬¢Õß Salihu ·≈–§≥– [13] ‰¥â»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å
‰≈‡ª ®“° Candida cylindracea „π‚√ß‚¡àπÈ”¡—πª“≈å¡ æ∫«à“‡¡◊ËÕ„™â peptone ∑’Ë§«“¡‡¢â¡¢âπ 0.45%
(w/v) ®– “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 20.26 U/mL ‡™àπ‡¥’¬«°—∫ß“π«‘®—¬¢Õß Kaushik ·≈–
§≥– [9] ∑”°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“°‡™◊ÈÕ Aspergillus carneus ‚¥¬„™â
RSM ®“°°“√∑¥≈Õßæ∫«à“‡¡◊ËÕ„™â peptone ∑’Ë§«“¡‡¢â¡¢âπ 0.8% (w/v)  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥
§◊Õ 12.7 U/mL ÷́Ëß®“°°“√∑¥≈Õßæ∫«à“ “¡“√∂„™â yeast extract º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß∂÷ß 68.60 U/
mL ‡¡◊ËÕ„™â “√ °—¥®“°¬’ μå‡æ’¬ß 0.32% (w/v) ‡∑à“π—Èπ
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2.4 º≈¢Õß NaCl
®“°°“√»÷°…“º≈¢Õß NaCl „π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° “¬æ—π∏ÿå PSR5631 æ∫«à“∑’Ë

§«“¡‡¢â¡¢âπ 0.16% (w/v)  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ · ¥ß„Àâ‡ÀÁπ«à“
 “¬æ—π∏ÿå PSR5631 ‡ªìπ “¬æ—π∏ÿå∑’ËμâÕß°“√ NaCl ‡æ’¬ß‡≈Á°πâÕ¬„π°“√‡®√‘≠·≈–°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 
(√Ÿª∑’Ë 4) ´÷Ëß‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—∫ß“π«‘®—¬¢Õß Liu ·≈–§≥– [7] æ∫«à“‡¡◊ËÕ„™â NaCl ∑’Ë§«“¡‡¢â¡¢âπ
0.16% (w/v) Burkholderia sp. C20  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥‡∑à“°—∫ 3.9 U/mL

√Ÿª∑’Ë 4 °“√»÷°…“º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß NaCl μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° B. safensis  “¬æ—π∏ÿå
PSR5631 ‚¥¬μ—«Õ—°…√¿“…“Õ—ß°ƒ…∑’Ë·μ°μà“ß°—π„π°√“ø · ¥ß„Àâ‡ÀÁπ§«“¡·μ°μà“ß¢Õß
§à“‡©≈’Ë¬„π·μà≈–°“√∑¥≈Õß∑’Ë p < 0.05

√Ÿª∑’Ë 3 °“√»÷°…“º≈¢Õß·À≈àß§“√å∫ÕπμàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° B. safensis  “¬æ—π∏ÿå PSR5631
(°) ™π‘¥¢Õß·À≈àß‰π‚μ√‡®π (¢) §«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π ‚¥¬®“°μ—«Õ—°…√¿“…“Õ—ß°ƒ…
∑’Ë·μ°μà“ß°—π„π°√“ø · ¥ß„Àâ‡ÀÁπ§«“¡·μ°μà“ß¢Õß§à“‡©≈’Ë¬„π·μà≈–°“√∑¥≈Õß∑’Ë p < 0.05
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2.5 º≈¢Õß pH
®“°°“√»÷°…“º≈¢Õß pH „π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° “¬æ—π∏ÿå PSR5631 æ∫«à“ Õ“À“√

‡≈’È¬ß‡™◊ÈÕ∑’Ë pH 7.0  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“
 “¬æ—π∏ÿå PSR5631  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â¥’∑’Ë‡ªìπ°≈“ß πÕ°®“°π’È “¬æ—π∏ÿå PSR5631  “¡“√∂
º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â∑’Ë™à«ß pH §àÕπ¢â“ß°«â“ß §◊Õ pH 5-8 (√Ÿª∑’Ë 5) ‚¥¬∑’Ëß“π«‘®—¬¢Õß Marimuthu [11]
æ∫«à“∑’Ë pH 7.0  àßº≈„Àâ Staphylococcus hominis  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥ §◊Õ 14.7 U/mL
ß“π«‘®—¬¢Õß Xing ·≈–§≥– [14] æ∫«à“∑’Ë pH 8.0 Pseudomonas sp. ZBC1  “¡“√∂º≈‘μ‡Õπ‰´¡å
‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 19.5 U/mL  à«πß“π«‘®—¬¢Õß Ma ·≈–§≥– [5] æ∫«à“ Burkholderia cepacia
 “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 10.5 U/mL ∑’Ë pH 8.0 ·≈–ß“π«‘®—¬¢Õß Liu ·≈–§≥– [7]
æ∫«à“∑’Ë pH 9.0 Burkholderia sp. C20  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â‡∑à“°—∫ 3.9 U/mL

√Ÿª∑’Ë 5 °“√»÷°…“º≈¢Õß pH μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° B. safensis  “¬æ—π∏ÿå PSR5631
‚¥¬μ—«Õ—°…√¿“…“Õ—ß°ƒ…∑’Ë·μ°μà“ß°—π„π°√“ø · ¥ß„Àâ‡ÀÁπ§«“¡·μ°μà“ß¢Õß§à“‡©≈’Ë¬„π·μà≈–
°“√∑¥≈Õß∑’Ë p < 0.05

2.6 º≈¢ÕßÕÿ≥À¿Ÿ¡‘
®“°°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° “¬æ—π∏ÿå PSR5631 · ¥ß

„Àâ‡ÀÁπ«à“ “¬æ—π∏ÿå PSR5631 ‡ªìπ·∫§∑’‡√’¬„π°≈ÿà¡ mesophile ™Õ∫‡®√‘≠„π∑’Ë¡’Õÿ≥À¿Ÿ¡‘ª“π°≈“ß ·≈–
 “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â¥’∑’Ë ÿ¥„πÕÿ≥À¿Ÿ¡‘ 37°C ‚¥¬æ∫«à“‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡ Ÿß¢÷Èπ‡ªìπ 45 ·≈–
50°C §«“¡ “¡“√∂„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (√Ÿª∑’Ë 6) ®“°ß“π«‘®—¬¢Õß
Ma ·≈–§≥– [5] æ∫«à“ Burkholderia cepacia  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 10.5 U/mL
∑’ËÕÿ≥À¿Ÿ¡‘ 37°C ·≈–ß“π«‘®—¬¢Õß Kaushik ·≈–§≥– [9] æ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘ 37°C ‡™◊ÈÕ Aspergillus
carneus  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 12.7 U/mL ·μà„π¢≥–∑’Ëß“π«‘®—¬¢Õß Burkert ·≈–
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§≥– [12] æ∫«à“ Geotrichum sp. ∑’ËÕÿ≥À¿Ÿ¡‘ 30°C  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß∂÷ß 20 U/mL
 à«πß“π«‘®—¬¢Õß Liu ·≈–§≥– [7] Burkholderia sp. C20 ∑’ËÕÿ≥À¿Ÿ¡‘ 55°C  “¡“√∂º≈‘μ‡Õπ‰´¡å
‰≈‡ª ‰¥â‡∑à“°—∫ 3.9 U/mL ·≈–ß“π«‘®—¬¢Õß Xing ·≈–§≥– [14] æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘ 80°C Pseudomonas
sp. ZBC1  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥§◊Õ 19.5 U/mL

√Ÿª∑’Ë 6 °“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ®“° B. safensis  “¬æ—π∏ÿå PSR5631 ‚¥¬
μ—«Õ—°…√¿“…“Õ—ß°ƒ…∑’Ë·μ°μà“ß°—π„π°√“ø · ¥ß„Àâ‡ÀÁπ§«“¡·μ°μà“ß¢Õß§à“‡©≈’Ë¬„π·μà≈–°“√
∑¥≈Õß∑’Ë p < 0.05

 √ÿªº≈°“√∑¥≈Õß
ß“π«‘®—¬π’È “¡“√∂§—¥·¬°‡™◊ÈÕ·∫§∑’‡√’¬ “¬æ—π∏ÿå PSR5631 ‰¥â®“°μ—«Õ¬à“ß¥‘π´÷Ëß “¡“√∂º≈‘μ

‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß∑’Ë ÿ¥∫πÕ“À“√·¢Áß·≈–„πÕ“À“√‡À≈« ·≈–‡¡◊ËÕ∑”°“√®—¥®”·π°·∫§∑’‡√’¬‰Õ‚´‡≈∑
¥—ß°≈à“«æ∫«à“¡’§«“¡§≈â“¬§≈÷ß°—∫ B. safensis ®“°°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª 
®“° “¬æ—π∏ÿå PSR5631 æ∫«à“Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡À¡“– ¡μàÕ°“√º≈‘μ‡Õπ‰´¡å‰≈‡ª ª√–°Õ∫¥â«¬ πÈ”¡—π
√”¢â“« §«“¡‡¢â¡¢âπ 1.5% (v/v) yeast extract §«“¡‡¢â¡¢âπ 0.32% (w/v) NaCl §«“¡‡¢â¡¢âπ 0.16%
(w/v) pH 7.0 ∑’ËÕÿ≥À¿Ÿ¡‘ 37°C ‡ªìπ√–¬–‡«≈“ 60 ™—Ë«‚¡ß  “¡“√∂º≈‘μ‡Õπ‰´¡å‰≈‡ª ‰¥â Ÿß ÿ¥Õ¬à“ß¡’
√–¥—∫π—¬ ”§—≠∑“ß ∂‘μ‘ §◊Õ 68.60 U/mL
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