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∫∑§—¥¬àÕ
‚ª√µ’π™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï„ππÈ”‡≈’È¬ß‡™◊ÈÕ Brevibacillus  laterosporus SA14, SA15, Bacillus pumilus BA16/2

·≈– Bacillus megaterium BA6 ∑’Ë‡µ√’¬¡‰¥â¥â«¬°“√µ°µ–°Õπ„π 50% ·Õ¡‚¡‡π’¬¡ —́≈‡øµ ¡’§à“§«“¡‡¢â¡¢âπ¢Õß
‚ª√µ’π‡∑à“°—∫ 1.746, 1.188, 0.355 ·≈– 0.242 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ æ∫«à“¡’‡©æ“–™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢Õß Brev.
laterosporus SA1, SA15 ∑’Ë· ¥ßƒ∑∏‘Ï¬—∫¬—Èß Staphylococcus aureus, Salmonella typhimurium TA98, TA100
 à«π “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢Õß∫“ ‘́≈≈— ™π‘¥Õ◊Ëπ‰¡à· ¥ßƒ∑∏‘Ï¥—ß°≈à“« Õ¬à“ß‰√°Áµ“¡∑’Ë‰µ‡µÕ√å 1:128 ¢Õß “√≈–≈“¬
™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕ Brev. laterosporus SA14, SA15 ‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠ Salm. typhimurium
TA98, TA100  ®÷ß‰¥âπ”‰ª∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å‰¥â‡™àπ‡¥’¬«°—∫ “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï¢Õß Bacillus
spp. Õ◊ËπÊ (B. pumilus BA16/2  ·≈– B. megaterium BA6) æ∫«à“ “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï®“°πÈ”‡≈’È¬ß‡™◊ÈÕ¢Õß
∫“´‘≈≈— ∑ÿ°™π‘¥‰¡à· ¥ßƒ∑∏‘Ï°“√°àÕ°≈“¬æ—π∏ÿå ‡¡◊ËÕ„™â‡°≥±å mutagenicity index (MI)   4 Õ¬à“ß‰√°Áµ“¡ §«√¡’°“√π”‰ª
∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå°—∫«‘∏’°“√Õ◊ËπÊµàÕ‰ª‡æ◊ËÕ§«“¡ª≈Õ¥¿—¬„π°“√π”‰ª„™âª√–‚¬™πå

§” ”§—≠:  °“√∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å,  ´“≈‚¡‡π≈≈“‰∑øî¡‘«‡√’Ë¬¡,  ∫“ ‘́≈≈—   ªï™’ å

∫∑π”
®“°§«“¡°â“«Àπâ“∑“ß«‘∑¬“»“ µ√å„π¬ÿ§ªí®®ÿ∫—π ∑”„Àâ¡’

º≈ß“π«‘®—¬¥â“πµà“ßÊ ÕÕ°¡“¡“°¡“¬∑’Ë‡°’Ë¬«¢âÕß°—∫∑“ß¥â“π
Õ“À“√ °“√‡°…µ√ ·≈–Õÿµ “À°√√¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß
°“√«‘®—¬∑“ß¥â“π°“√·æ∑¬å∑’Ëπ—∫«—π®–¡’§«“¡ ”§—≠‡æ‘Ë¡¡“°¢÷Èπ
‡π◊ËÕß®“°¡’Õÿ∫—µ‘°“√≥å°“√‡°‘¥‚√§®“°‡™◊ÈÕ “¬æ—π∏ÿå„À¡à¢÷Èπ
Õ¬à“ßµàÕ‡π◊ËÕß ‡™àπ ‚√§´“√å ·≈–‚√§‰¢âÀ«—¥π° √«¡‰ª∂÷ß
‡™◊ÈÕ “¬æ—π∏ÿå‡¥‘¡∑’Ëæ—≤π“ª√—∫‡ª≈’Ë¬π°≈“¬‡ªìπ‡™◊ÈÕ¥◊ÈÕ¬“ ´÷Ëß
Õ“®¡’§«“¡ —¡æ—π∏å°—∫°“√‡ª≈’Ë¬π·ª≈ß√–¥—∫¬’π∫π “¬

¥’‡ÕÁπ‡ÕÀ√◊Õ∑’Ë‡√’¬°«à“ °“√°≈“¬æ—π∏ÿå(1)  ∑”„Àâ‰¡à “¡“√∂
√—°…“¥â«¬¬“µâ“π®ÿ≈™’æ™π‘¥‡¥‘¡„ÀâÀ“¬‰¥â ®÷ß‰¥â¡’ß“π«‘®—¬
·≈–°“√»÷°…“§âπ§«â“‡æ◊ËÕÀ“µ—«¬“™π‘¥„À¡àÊ ∑’Ë “¡“√∂ÕÕ°
ƒ∑∏‘Ï∑”≈“¬°≈ÿà¡‡™◊ÈÕ¥◊ÈÕ¬“‡æ◊ËÕª√–‚¬™πå„π¥â“π°“√√—°…“
À√◊Õ§«∫§ÿ¡°“√‡°‘¥‚√§ÕÕ°¡“Õ¬à“ßµàÕ‡π◊ËÕß ¡’√“¬ß“π«à“
 “√ªØ‘™’«π–∑’Ëº≈‘µ®“°·∫§∑’‡√’¬ °ÿ≈∫“´‘≈≈— ‡ªìπ·π«∑“ß
‡≈◊Õ°∑“ßÀπ÷Ëß∑’Ëπà“ π„®(2) ·∫§∑’‡√’¬ °ÿ≈∫“ ‘́≈≈— ‡ªìπ
·∫§∑’‡√’¬·°√¡∫«° √Ÿª∑àÕπ ∑’Ë “¡“√∂æ∫°√–®“¬Õ¬Ÿà∑—Ë«‰ª
„π ‘Ëß·«¥≈âÕ¡∑—Èß„π¥‘π·≈–πÈ”  ”À√—∫ ªï™’ å∑’Ë “¡“√∂º≈‘µ
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Detection of mutagenicity of biocompound from Bacillus spp.
by the Salmonella mutagenicity test
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Abstract
The protein concentration of partially purified biocompounds (PPBs) prepared from culture broth of

Brevibacillus  laterosporus SA14, SA15, Bacillus pumilus BA16/2  and Bacillus megaterium BA6 were
1.746, 1.188, 0.355  and 0.242  mg/ml, respectively.  It was found that only PPBs prepared from culture broth
of Brev. laterosporus SA14 and SA15 could inhibit the growth of Staphylococcus aureus, Salmonella typhimurium
TA98 and TA100. However, PPBs prepared from culture broth of SA14 and SA15 at the titer of 1:128 did not
inhibit the growth of TA98 and TA100. The PPBs obtained from all tested Bacillus species were used to
determine the mutagenic properties using Ames test. It was found that all PPBs did not show mutagenic
properties by this Amesû test at the mutagenicity index (MI)   4. However, further tests using other systems
should also be carried out to evaluate its useful safety.

KeyWords:  Amesûtest    Salmonella typhimurium   Bacillus species

 “√ªØ‘™’«π–‰¥â·°à Bacillus subtilis, B. polymyxa, B.
brevis, B. licheniformis, B. circulans, B. cereus, B.
thuringiensis ·≈– Brevibacillus laterosporus ´÷Ëß‡¥‘¡
‡√’¬°«à“ Bacillus laterosporus(3)  ‚¥¬æ∫¡’√“¬ß“π«à“ Brev.
laterosporus  “¡“√∂º≈‘µ “√ªØ‘™’«π–∑’Ë¡’§«“¡ ”§—≠
∑“ß°“√·æ∑¬å ‡™àπ spergualin(4) ·≈– bacithrocins A, B
·≈– C(5) √«¡∂÷ß peptide antibiotic ∑’ËÕÕ°ƒ∑∏‘Ï cyanolytic
activity(6)   πÕ°®“°π’È “¬æ—π∏ÿå SA14 ¢Õß·∫§∑’‡√’¬ Brev.
laterosporus  “¡“√∂º≈‘µ “√ªØ‘™’«π–µâ“π·∫§∑’‡√’¬

°àÕ‚√§„π°≈ÿà¡ methicillin resistant Staphylococcus
aureus (MRSA) ‰¥â¥’°«à“ oxacillin(7) ·≈–¡’§«“¡∑π∑“π
µàÕÕÿ≥À¿Ÿ¡‘  100 Õß»“‡´≈‡ ’́¬  ‰¥âπ“π 15 π“∑’  √«¡∂÷ß
∑π∑“πµàÕ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π™π‘¥µà“ßÊ(8) ¥—ßπ—Èπ®÷ß¡’§«“¡ π„®
π”¡“»÷°…“µàÕ∂÷ßƒ∑∏‘Ï§«“¡‡ªìπæ‘…µàÕ‡´≈≈åπÕ°‡ªÑ“À¡“¬
¥—ß‡™àπƒ∑∏‘Ï°“√°àÕ°≈“¬æ—π∏ÿå∑’Ë¡—°π‘¬¡»÷°…“°—π‚¥¬„™â‡™◊ÈÕ
Salmonella typhimurium TA98 ·≈– TA100 ∑’Ë¡’§«“¡
∫°æ√àÕß∑“ß¥â“π°“√ —ß‡§√“–Àå histidine „Àâ°≈—∫¡“‡®√‘≠‰¥â
„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‰¡à¡’ à«πº ¡¢Õß histidine ´÷Ëß‡√’¬°«‘∏’
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°“√¥—ß°≈à“««à“°“√∑¥ Õ∫·∫∫‡Õ¡ å (Ames test) À√◊Õ°“√
∑¥ Õ∫°“√°≈“¬æ—π∏ÿå¢Õß·∫§∑’‡√’¬´“≈‚¡‡π≈≈“(9-11) ´÷Ëß
‡ªìπ«‘∏’‡∫◊ÈÕßµâπ∑’Ëπ‘¬¡„™â„π°“√»÷°…“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ∑”‰¥â
ßà“¬·≈–√“§“∂Ÿ° ¡’√“¬ß“π∑’Ë‡°’Ë¬«¢âÕß‡°’Ë¬«°—∫«‘∏’¥—ß°≈à“«„π
°“√»÷°…“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√‡§¡’µà“ßÊ ∑—Èß∑’Ë‡ªìπ “√
 °—¥®“°∏√√¡™“µ‘·≈– “√‡§¡’ —ß‡§√“–Àå(12-16) ß“π«‘®—¬π’È
®÷ß‰¥âπ”«‘∏’°“√∑¥ Õ∫·∫∫‡Õ¡ å¡“»÷°…“ƒ∑∏‘Ï°“√°àÕ°≈“¬
æ—π∏ÿå∑’ËÕ“®¡’Õ¬Ÿà„π “√ªØ‘™’«π–∑’Ëº≈‘µ®“° Bacillus species
(Brev. laterosporus SA14, SA15, B. megaterium BA6
·≈– B. pumilus BA16/2)(7,8,17,18) ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈§«“¡
‡ªìπæ‘…‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫ “√ªØ‘™’«π–∑’Ëπ”¡“»÷°…“ „π°“√ π”
‰ªæ—≤π“‡ªìπ “√µâπ·∫∫¢Õß°“√º≈‘µ¬“µâ“π®ÿ≈™’æµàÕ‰ª„π
Õπ“§µ

«— ¥ÿ·≈–«‘∏’°“√
1. ·∫§∑’‡√’¬
π”·∫§∑’‡√’¬∑¥ Õ∫ ‰¥â·°à Brevibacillus laterosporus

SA14, SA15(17), Bacillus megaterium BA6 ·≈–
Bacillus pumilus BA16/2(18) ∑’Ë‡°Á∫√—°…“‰«â„π 15%
°≈’‡´Õ√Õ≈∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“‡´≈‡´’¬  ¡“·¬°‡ªìπ‚§‚≈π’
‡¥’Ë¬«‚¥¬¢’¥‡™◊ÈÕ≈ß∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß Luria-
Bertani (LB) ®“°π—Èππ”‰ª∫à¡‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“
‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«·∫àß‡°Á∫‡™◊ÈÕ∑¥ Õ∫
∑—ÈßÀ¡¥≈ß„π 15% °≈’‡´Õ√Õ≈ ‡°Á∫√—°…“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -80
Õß»“‡´≈‡´’¬ 

π”·∫§∑’‡√’¬¥—™π’ ‰¥â·°à Staphylococcus aureus
TISTR 517, Salmonella typhimurium  “¬æ—π∏ÿå TA 98
·≈– TA100 (§≥–‡«™»“ µ√å‡¢µ√âÕπ ¡À“«‘∑¬“≈—¬¡À‘¥≈)
∑’Ë‡°Á∫√—°…“‰«â„π 15% °≈’‡´Õ√Õ≈ ∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“
‡´≈‡ ’́¬  ¡“·¬°‡ªìπ‚§‚≈π’‡¥’Ë¬« ‚¥¬«‘∏’°“√¢’¥‡™◊ÈÕ≈ß∫π
º‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß nutrient (NA) ·≈– nutrient
broth No.2 (NB No.2) µ“¡≈”¥—∫ ®“°π—Èππ”‰ª∫à¡‡≈’È¬ß∑’Ë
Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈â«·¬°
·∫àß‡°Á∫≈ß„π 15% °≈’‡´Õ√Õ≈ ∑’ËÕÿ≥À¿Ÿ¡‘  -80
Õß»“‡´≈‡´’¬  ‡æ◊ËÕ√Õ°“√∑¥ Õ∫ƒ∑∏‘Ïµâ“π®ÿ≈‘π∑√’¬å·≈–
°“√∑¥ Õ∫·∫∫‡Õ¡ å

Salm. typhimurium  “¬æ—π∏ÿå TA98 ·≈– TA100
∂Ÿ°™—°π”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß≈”¥—∫ ¥’‡ÕÁπ‡Õ„π à«π¢Õß¬’π

histidine (his-) ·∫∫ frameshift mutation ·≈– base pair
substitution µ“¡≈”¥—∫ ∑”„Àâ‰¡à “¡“√∂‡®√‘≠‰¥â„π®“πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ∑’Ë‰¡à¡’ histidine

2. Õ“À“√‡≈’È¬ß‡™◊ÈÕ
Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë„™â‡æ◊ËÕ‡≈’È¬ß·∫§∑’‡√’¬ Bacillus

species „Àâº≈‘µ “√ªÆ‘™’«π– ‰¥â·°à Luria- Bertani (LB)
Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë„™â‡æ◊ËÕ°“√∑¥ Õ∫À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥
„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¥—™π’ ‰¥â·°à Mueller
Hinton (M-H) Agar/Broth  à«π™π‘¥∑’Ë„™â‡æ◊ËÕ∑¥ Õ∫
ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå ‰¥â·°à Nutrient Broth (NB) No.2
(Oxoid), minimal agar, Vogel Bonner medium E (VB
salt) ·≈– Top agar

3.  “√‡§¡’·≈– “√°àÕ°≈“¬æ—π∏ÿå
 “√‡§¡’ ”§—≠∑’Ë„™â‰¥â·°à sodium phosphate buffer (pH

7.4), sodium dodecyl sulfate (SDS), histidine ·≈– biotin
 à«π “√°àÕ°≈“¬æ—π∏ÿå §◊Õ 4-Nitroquinoline-N-Oxide (4-
NQO: Sigma, USA)

4. °“√‡µ√’¬¡™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï (partially  purified
biocompounds: PPBs)

4.1 °“√‡µ√’¬¡πÈ”‡≈’È¬ß‡™◊ÈÕ
‡¢’Ë ¬ ‚§‚≈π’ ‡¥’Ë ¬«¢Õß·∫§∑’ ‡ √’ ¬∑¥ Õ∫

(Bacillus species) ≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« LB ª√‘¡“µ√
5 ¡‘≈≈‘≈‘µ√ „πÀ≈Õ¥·°â«∑√ß ŸßΩ“‡°≈’¬«¢π“¥ 16 x 150
¡‘≈≈‘‡¡µ√ ®“°π—Èππ”‰ª∫à¡‡æ“–‡™◊ÈÕ„πµŸâ∫à¡‡≈’È¬ß·∫∫‡¢¬à“
§«“¡‡√Á«√Õ∫ 150 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ·¬°‡Õ“ “√·¢«π≈Õ¬·∫§∑’‡√’¬
∑¥ Õ∫¡“ª√—∫§«“¡¢ÿàπ„Àâ‡∑’¬∫‡∑à“°—∫ McFarland No. 0.5
·≈â«π” “√·¢«π≈Õ¬‡™◊ÈÕ·µà≈–À≈Õ¥ª√‘¡“µ√ 2% „ à„π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« LB ª√‘¡“µ√ 200 ¡‘≈≈‘≈‘µ√∑’ËÕ¬Ÿà„π¢«¥
Duran ¢π“¥ 500 ¡‘≈≈‘≈‘µ√ π”‰ª∫à¡‡æ“–‡™◊ÈÕ∑’Ë ¿“«–‡¥‘¡
®“°π—Èππ”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 10,000 √Õ∫µàÕπ“∑’
π“π 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ·¬°‡°Á∫ à«π„ 
∑’Ë‡√’¬°«à“πÈ”‡≈’È¬ß‡™◊ÈÕ (culture broth)

4.2 °“√‡µ√’¬¡™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï
‡µ‘¡ºß·Õ¡‚¡‡π’¬¡´—≈‡øµ [(NH

4
)
2
SO

4
]

§«“¡‡¢â¡¢âπ 50% ¢ÕßπÈ”‡≈’È¬ß‡™◊ÈÕ„π¢âÕ 4.1 ‚¥¬‡µ‘¡≈ß
‰ª§√—Èß≈–‡≈Á°πâÕ¬·≈–°«πµ≈Õ¥‡«≈“∑’ËÕÿ≥À¿Ÿ¡‘ 4
Õß»“‡´≈‡´’¬  ®π≈–≈“¬À¡¥ µ—Èß∑‘Èß‰«âπ“π 24 ™—Ë«‚¡ß ‚¥¬
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°«πªíòπ‡∫“µ≈Õ¥‡«≈“‡ªìπ‡«≈“ 1 §◊π π”‰ªªíòπ‡À«’Ë¬ß∑’Ë
§«“¡‡√Á«√Õ∫ 10,000 √Õ∫/π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬ 
‡ªìπ‡«≈“ 30 π“∑’ ‡°Á∫µ–°Õπ·≈–≈–≈“¬µ–°Õπ¥â«¬
 “√≈–≈“¬ phosphate buffer (pH 7.2) ‚¥¬§àÕ¬Ê ‡µ‘¡
§√—Èß≈– 1 ¡‘≈≈‘≈‘µ√ ®πµ–°Õπ≈–≈“¬À¡¥æÕ¥’ ®“°π—Èπ„Àâ
π”‰ª∑” dialysis „π∂ÿß¢π“¥√Ÿºà“π 3.5 °‘‚≈¥“≈µ—π  ∑’ËÕÿ≥À¿Ÿ¡‘
4 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß  ·≈â«π”‰ªªíòπ‡À«’Ë¬ß
∑’Ë§«“¡‡√Á«√Õ∫ 10,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 30 π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡æ◊ËÕ·¬°‡Õ“ à«π∑’Ë‰¡à≈–≈“¬∑‘Èß‰ª
®“°π—Èπ·¬°‡°Á∫ “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï (PPBs) ∑’ËÕ¬Ÿà
„π∂ÿß‡æ◊ËÕπ”‰ª«—¥ª√‘¡“≥‚ª√µ’π‚¥¬«‘∏’ Bradford(19) ·≈–
∑¥ Õ∫À“§«“¡‡¢â¡¢âπµË” ÿ¥∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß·∫§∑’‡√’¬·≈–
°“√∑¥ Õ∫·∫∫‡Õ¡ åµàÕ‰ª(10,11)

5. «‘∏’∑¥ Õ∫À“§à“§«“¡‡¢â¡¢âπµË” ÿ¥¢Õß “√≈–≈“¬
PPBs „π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬∑¥ Õ∫

„™â«‘∏’ paper disc diffusion ·≈– agar well  diffusion
∑’Ë‰¥â¥—¥·ª≈ß¡“®“° Bauer ·≈–§≥–(20) ¥—ßπ’È ·¬°‡æ“–‡™◊ÈÕ
·∫§∑’‡√’¬¥—™π’∑—ÈßÀ¡¥„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« M-H ∫à¡‡æ“–
‡™◊ÈÕ∑’Ë 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 18 ™—Ë«‚¡ß ®“°π—Èππ”
¡“‡®◊Õ®“ß¥â«¬Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« M-H  ”À√—∫ S. aureus
TISTR 517  à«π TA 98, TA 100 ‡®◊Õ®“ß¥â«¬Õ“À“√
‡≈’È¬ß‡™◊ÈÕ‡À≈« NB No. 2 ·≈–ª√—∫ „Àâ¡’§«“¡¢ÿàπ‡∑’¬∫‡∑à“°—∫
McFarland No. 0.5  ®“°π—Èπ„™â‰¡âæ—π ”≈’ª√“»®“°‡™◊ÈÕ®ÿà¡
 “√·¢«π≈Õ¬‡™◊ÈÕ∑’Ë‡µ√’¬¡‰¥â π”‰ªªÑ“¬„Àâ∑—Ë«≈ß∫πº‘«Àπâ“
¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß M-H

5.1 Paper disk diffusion
®ÿà¡°√–¥“…°≈¡‡ª≈à“ (blank disc) ¢π“¥‡ âπ

ºà“»Ÿπ¬å°≈“ß 6 ¡‘≈≈‘‡¡µ√ ≈ß„π “√≈–≈“¬ PPBs ∑’Ë‰¥â
∑”°“√‡®◊Õ®“ß‰«â·∫∫ two-fold dilution  ®“°π—Èππ” disc ∑’Ë
®ÿà¡≈ß„π “√≈–≈“¬ PPBs «“ß∫πº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß
M-H  ‚¥¬¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ ·≈–µ—«∑”≈–≈“¬§◊Õ phosphate
buffer pH 7.2 ‡ªìπµ—«§«∫§ÿ¡ «“ß∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß
¥—ß°≈à“«¥â«¬ ®“°π—Èππ”®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑—ÈßÀ¡¥‰ª∫à¡‡æ“–
‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™¡
¿“¬À≈—ß°“√∫à¡‡æ“–‡™◊ÈÕ„Àâ¥Ÿ«ß„ √Õ∫ disc „Àâ∂◊Õ«à“∑’Ë§«“¡
‡¢â¡¢âπ¥—ß°≈à“«¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬
∑¥ Õ∫ ·≈–‡≈◊Õ°„™â√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‰¡à¡’§«“¡‡ªìπæ‘…
µàÕ‡™◊ÈÕ¥—™π’ Salmonella ∑—Èß 2  “¬æ—π∏ÿå (‰¡à‡°‘¥«ß„ √Õ∫

disc) ‰ª∑¥ Õ∫À“ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
5.2 Agar well diffusion

‡®“–√Ÿº‘«Àπâ“Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß M-H À√◊Õ
NB No. 2 ¥â«¬∑‘ªª√“»®“°‡™◊ÈÕ¢π“¥ 1,000 ‰¡‚§√≈‘µ√
„Àâ¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 6 ¡‘≈≈‘‡¡µ√ ·≈–„™âÀà«ß∂à“¬
‡™◊ÈÕª√“»®“°‡™◊ÈÕ‡¢’Ë¬‡»…«ÿâπ∑’Ë§â“ßÕ¬Ÿà„πÀ≈ÿ¡ÕÕ° ®“°π—Èπ
À¬¥ “√≈–≈“¬ PPBs ∑’Ë‰¥â∑”°“√‡®◊Õ®“ß‰«â·∫∫ two-fold
dilution ≈ß„πÀ≈ÿ¡Ê ≈– 100 ‰¡‚§√≈‘µ√ ‚¥¬À¬¥Õ“À“√
‡≈’È¬ß‡™◊ÈÕ‡À≈« M-H ·≈– NB No. 2 ·≈– phosphate buffer
pH 7.2 ‡ªìπ negative control ®“°π—Èπµ—Èß∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß®π “√´÷¡‡¢â“‡π◊ÈÕ«ÿâπ®πÀ¡¥ π”®“π‡æ“–‡™◊ÈÕ‰ª∫à¡‡æ“–
‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß   —ß‡°µ
«ß„ ∑’Ë‡°‘¥¢÷Èπ√Õ∫À≈ÿ¡∑¥ Õ∫ „Àâ∂◊Õ«à“∑’Ë§«“¡‡¢â¡¢âπ¥—ß°≈à“«
¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬∑¥ Õ∫ ·≈–„Àâ
‡≈◊Õ°„™â√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡™◊ÈÕ¥—™π’
Salmonella ∑—Èß 2  “¬æ—π∏ÿå (‰¡à‡°‘¥«ß„ √Õ∫À≈ÿ¡∑¥ Õ∫)
‰ª∑”°“√∑¥ Õ∫À“ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å

6. °“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
„™â«‘∏’ preincubation ¢Õß°“√∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å

™π‘¥‰¡à¡’ metabolic activation µ“¡∑’Ë Yahagi ·≈–§≥–21

·π–π”‰«â ‚¥¬π”‡™◊ÈÕ Salm.  typhimurium  “¬æ—π∏ÿå TA98
·≈– TA100 ∑’Ë‡°Á∫‰«â„π 15% °≈’‡´Õ√Õ≈ ∑’ËÕÿ≥À¿Ÿ¡‘ -80
Õß»“‡´≈‡´’¬  ¡“·¬°‡ªìπ‚§‚≈π’‡¥’Ë¬«‚¥¬¢’¥‡™◊ÈÕ≈ß∫π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ·¢Áß NA ́ ÷Ëß‡ªìπ à«πº ¡¢Õß 16% NB No.2
°—∫ 1.5% Agar ®“°π—Èππ”‰ª∫à¡‡≈’È¬ß∑’Ë 37 Õß»“‡´≈‡ ’́¬ 
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ ‡¢’Ë¬‚§‚≈π’‡¥’Ë¬«¢Õß‡™◊ÈÕ
∑—Èß Õß “¬æ—π∏ÿåÊ ≈– 5 ‚§‚≈π’ „ à≈ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈«
NB No.2 ª√‘¡“µ√ 12  ¡‘≈≈‘≈‘µ√ ∑’Ë∫√√®ÿ„πÀ≈Õ¥·°â«Ω“
‡°≈’¬«∑√ß Ÿß¢π“¥ 16 x 150 ¡‘≈≈‘‡¡µ√ π”‰ª∫à¡‡æ“–‡™◊ÈÕ
„πµŸâ∫à¡‡™◊ÈÕ·∫∫‡¢¬à“§«“¡‡√Á«√Õ∫ 150 √Õ∫µàÕπ“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß π”¡“
«—¥§à“°“√¥Ÿ¥°≈◊π· ß¢Õß‡™◊ÈÕ∑—Èß Õß “¬æ—π∏ÿå¥â«¬‡§√◊ËÕß
Spectrophotometer (Biosystem BTS-330)  ∑’Ë
§«“¡¬“«§≈◊Ëπ 600 π“‚π‡¡µ√„Àâ¡’§à“°“√¥Ÿ¥°≈◊π· ß
ª√–¡“≥ 0.30 ÷́Ëß¡’ª√‘¡“≥‡™◊ÈÕ 106-108 ‡´≈≈åµàÕ¡‘≈≈‘≈‘µ√

π”µ—«Õ¬à“ß “√≈–≈“¬ PPBs ∑’Ë§«“¡‡¢â¡¢âπ∑’Ë‰¡à¡’
º≈„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ∑¥ Õ∫ª√‘¡“µ√ 100
‰¡‚§√≈‘µ√„ à„πÀ≈Õ¥ ®“°π—Èπ‡µ‘¡ phosphate buffer (pH
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7.4) ª√‘¡“µ√ 500 ‰¡‚§√≈‘µ√≈ß‰ª ·≈â«„ à‡™◊ÈÕ∑’Ë‡æ“–‰«â
ª√‘¡“µ√ 100 ‰¡‚§√≈‘µ√ ‡¢¬à“„Àâ‡¢â“°—π π”‰ª∫à¡„πµŸâ∫à¡‡™◊ÈÕ
·∫∫‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 20 π“∑’
‡¡◊ËÕ§√∫‡«≈“‡µ‘¡ top-agar ∑’Ë¡’ à«πº ¡¢Õß “√≈–≈“¬ 0.5
mM histidine/biotin (histidine/biotin : top agar ‡∑à“°—∫
1:10) ª√‘¡“µ√ 2 ¡‘≈≈‘≈‘µ√ º ¡ à«πº ¡∑—ÈßÀ¡¥„Àâ‡¢â“°—π
‚¥¬‡¢¬à“‡∫“Ê ·≈â«‡∑≈ß∫π®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ minimal agar
´÷Ëß¡’ à«πº ¡¢Õß agar, VB salt ·≈– 40% Glucose „Àâ
°√–®“¬Õ¬à“ß ¡Ë”‡ ¡Õ∑—Ë«º‘«Àπâ“¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ ∫à¡®“π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑—ÈßÀ¡¥∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“
48 ™—Ë«‚¡ß ·≈â«π—∫®”π«π revertant colonies ( “¡“√∂
‡®√‘≠‰¥â„π®“π‡æ“–‡™◊ÈÕ∑’Ë‰¡à¡’ histidine) „π®“π∑¥ Õ∫
µ—«Õ¬à“ß “√≈–≈“¬¡’¡“°°«à“ 4 ‡∑à“ ¢Õß spontaneous
colonies ‡∑’¬∫°—∫ negative control  · ¥ß«à“ PPBs πà“®–
¡’ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå

 ”À√—∫ positive control ∑’Ë¡’‡©æ“– “√°àÕ°≈“¬
æ—π∏ÿåª√–°Õ∫¥â«¬ 4NQO §«“¡‡¢â¡¢âπ 20, 2.0 ·≈– 0.2
‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ®”π«π 100 ‰¡‚§√≈‘µ√,  phosphate
buffer pH 7.4 ®”π«π 500 ‰¡‚§√≈‘µ√ ·≈–‡™◊ÈÕ 100
‰¡‚§√≈‘µ√  à«π negative control ‡µ√’¬¡‡™àπ‡¥’¬«°—π‚¥¬
¡’Õ“À“√‡≈’È¬ß‡™◊ÈÕ‡À≈« 100 ‰¡‚§√≈‘µ√ ·µà‰¡à¡’ 4-NQO

º≈°“√»÷°…“
 “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡‰¥â®“°πÈ”‡≈’È¬ß‡™◊ÈÕ Brev.

laterosporus SA14 ·≈– SA15 Õ“¬ÿ  4 «—π B. megaterium
BA6 Õ“¬ÿ 7 «—π ·≈– B. pumilus BA16/2 Õ“¬ÿ 17 «—π
¡’ª√‘¡“≥‚ª√µ’π‡∑à“°—∫ 1.746, 1.188, 0.242 ·≈– 0.355
¡‘≈≈‘°√—¡/¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫ ·≈–æ∫«à“‰¡à “¡“√∂∑¥ Õ∫
À“ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå®“° “√≈–≈“¬ PPBs ¥â«¬«‘∏’‡Õ¡ å
‡π◊ËÕß®“° “√≈–≈“¬ PPBs ¢Õß Bacillus species ¡’ƒ∑∏‘Ï
„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¥—™π’ Salmonella ®÷ß
µâÕß¡’°“√∑¥ Õ∫À“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ PPBs ∑’Ë
‰¡à “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬¥—™π’¥—ß°≈à“« °≈à“«
§◊Õ‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡™◊ÈÕ¥—™π’  æ∫«à“ “√≈–≈“¬ PPBs ®“°
‡™◊ÈÕ Brev. laterosporus SA14, SA15 ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√
‡®√‘≠¢Õß·∫§∑’‡√’¬ Salm. typhimurium  “¬æ—π∏ÿå TA98
·≈– TA100 ÷́ËßµâÕß¡’°“√‡®◊Õ®“ßµàÕ‰ª·∫∫ 2 ‡∑à“ ®πæ∫
«à“∑’Ë‰µ‡µÕ√å∑’Ë‰¡à¡’§«“¡‡ªìπæ‘…µàÕ‡™◊ÈÕ¥—™π’‡∑à“°—∫ 1:128   à«π
 “√≈–≈“¬ PPBs ®“°‡™◊ÈÕ  B.  megaterium BA6 ·≈–
B. pumilus BA16/2 ‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß
·∫§∑’‡√’¬ Salm. typhimurium ∑—Èß Õß “¬æ—π∏ÿå ¥—ß· ¥ß
„π µ“√“ß∑’Ë 1 ®“°π—Èπ‰¥âπ” “√≈–≈“¬ PPBs ∑’Ë‰µ‡µÕ√å∑’Ë
‡À¡“– ¡¥—ß°≈à“«‰ª∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
µàÕ‰ª

µ“√“ß∑’Ë 1 ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠ Salmonella typhimurium  “¬æ—π∏ÿå TA98 ·≈– TA100 ¢Õß “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï
(PPBs) ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ¢Õß Brevibacillus  laterosporus  SA14 ·≈– SA15
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 “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡‰¥â®“° Brev. laterosporus
SA14, SA15 ∑’Ë‰µ‡µÕ√å 1:128 B. megaterium BA6 ·≈–
B. pumilus BA16/2 ∑’Ë‰µ‡µÕ√å∑’Ë‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠
TA98 ·≈– TA100 ‡¡◊ËÕπ”¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√
‡Àπ’Ë¬«π”„Àâ‡°‘¥ revertant colonies ¢Õß·∫§∑’‡√’¬ Salm.

typhimurium (TA98 ·≈– TA100) ¥â«¬«‘∏’‡Õ¡ å  ª√“°Æ
«à“‰¡àæ∫™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï®“°‡™◊ÈÕ∑¥ Õ∫™π‘¥„¥‡≈¬∑’Ë
 “¡“√∂‡Àπ’Ë¬«π”„Àâ Salm. typhimurium  “¬æ—π∏ÿå TA98
·≈– TA100 ‡°‘¥°“√°≈“¬æ—π∏ÿå°≈—∫‰¥â ¥—ß· ¥ß„π µ“√“ß
∑’Ë 2 ·≈– µ“√“ß∑’Ë 3

µ“√“ß∑’Ë 2 ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√≈–≈“¬™’« “√°÷Ëß∫√‘ ÿ∑∏‘Ï (PPBs) ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ Brevibacillus  laterosporus  SA14,
SA15 ·≈– Bacillus pumilus BA16/2 ‡¡◊ËÕ∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
°“√∑¥ Õ∫ antimicrobial activity ‚¥¬«‘∏’  agar  well

diffusion
·∫§∑’‡√’¬ Bacillus species  “¡“√∂º≈‘µ·≈–ª≈àÕ¬

 “√ªØ‘™’«π–ÕÕ°¡“πÕ°‡´≈≈å(21) ´÷ËßÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠
¢Õß·∫§∑’‡√’¬‰¥âÀ≈“¬°≈ÿà¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π·∫§∑’‡√’¬
°≈ÿà¡·°√¡∫«° Õ¬à“ß‰√°Áµ“¡æ∫«à“Õß§åª√–°Õ∫∑’Ë‡ªìπ‚§√ß √â“ß
ª°§≈ÿ¡‡´≈≈å¥â“ππÕ°¢Õß·∫§∑’‡√’¬Õ“®∑”„Àâ “√ªØ‘™’«π–
‰¡à∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“πÕ°‡´≈≈å ¥—ß‡™àπ‚§√ß √â“ßºπ—ß
‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡≈∫ ÷́Ëß¡’§«“¡ —́∫ ấÕπ¡“°°«à“ºπ—ß
‡´≈≈å¢Õß·∫§∑’‡√’¬·°√¡∫«°(22) ∑”„Àâµ√«®æ∫ “√∑’Ë
∂Ÿ°ª≈¥ª≈àÕ¬ÕÕ°¡“πÕ°‡´≈≈å (‡™àπ exoenzyme/exotoxin)
πâÕ¬°«à“∑’Ëµ√«®æ∫„π·∫§∑’‡√’¬·°√¡∫«° πÕ°®“°π’È°“√¡’
·§ª´Ÿ≈‡¢â“¡“ÀàÕÀÿâ¡µ—«‡´≈≈å°ÁÕ“®∑”„Àâ°“√ª≈àÕ¬ “√ÕÕ°
πÕ°‡´≈≈å‡ªìπ‰ª‰¥â‰¡à ¡∫Ÿ√≥å ‚¥¬ “¡“√∂ —ß‡°µ≈—°…≥–
‚§‚≈π’¢Õß·∫§∑’‡√’¬∑’Ë¡’·§ª´Ÿ≈®–¡’§«“¡‡ªìπ¡Ÿ°‡¬‘È¡¡—π«“«(23)

´÷Ëßæ∫≈—°…≥–¥—ß°≈à“«„π B. megaterium BA6 ·≈– B.
pumilus BA16/2 Õ“®‡ªìπ “‡Àµÿ∑”„Àâ‰¡àµ√«®æ∫ƒ∑∏‘Ï
µâ“π¥—™π’®“°·∫§∑’‡√’¬∑—Èß Õß™π‘¥ ‡¡◊ËÕπ”πÈ”‡≈’È¬ß‡™◊ÈÕÀ√◊Õ
 “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß‡™◊ÈÕÕ“¬ÿ 4 «—π‰ª∑¥ Õ∫  ´÷Ëß
·µ°µà“ß®“° Brev. laterosporus SA 14 ·≈– SA15 ∑’Ë
„Àâº≈°“√¬—∫¬—Èß°“√‡®√‘≠Õ¬à“ß™—¥‡®π (‚§‚≈π’À¬“∫·≈–‰¡à¡’
·§ª Ÿ́≈) ®÷ß‰¥â‡æ‘Ë¡√–¬–‡«≈“¢Õß°“√∫à¡‡≈’È¬ß Bacillus
(BA6, BA16/2) ÕÕ°‰ªÕ’°‡ªìπ 7 ·≈– 17 «—π ‡æ◊ËÕ„Àâ‡™◊ÈÕ
º≈‘µ™’« “√∑’Ë π„®ÕÕ°¡“πÕ°‡´≈≈å ·µà°Á¬—ß‰¡à “¡“√∂µ√«®
æ∫ƒ∑∏‘Ïµâ“π·∫§∑’‡√’¬¥—™π’®“° “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡
®“°πÈ”‡≈’È¬ß‡™◊ÈÕ¢Õß·∫§∑’‡√’¬∑—Èß Õß™π‘¥ ́ ÷ËßÕ“®‡π◊ËÕß¡“®“°
ª√‘¡“≥ “√ªØ‘™’«π–¡’Õ¬Ÿà„πª√‘¡“≥πâÕ¬À√◊Õ§«“¡‰¡à‡ ∂’¬√
¢Õß “√ªØ‘™’«π–∑’Ë·∫§∑’‡√’¬º≈‘µÕÕ°¡“ ´÷ËßµâÕß¡’°“√»÷°…“
µàÕ‰ª·≈–Õ“®µâÕß¡’°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß™’« “√¥â«¬«‘∏’
°“√µà“ßÊ ‡™àπ °“√∑”√–‡À‘¥·Àâß √«¡‰ª∂÷ß„™â “√ °—¥Õ◊ËπÊ
πÕ°‡Àπ◊Õ®“°°“√µ°µ–°Õπ¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ(24)

πÕ°®“°π’È “√≈–≈“¬ PPBs ∑’Ë‡µ√’¬¡‰¥â®“°πÈ”‡≈’È¬ß·∫§∑’‡√’¬
¥â«¬°“√µ°µ–°Õπ¥â«¬ 50% ·Õ¡‚¡‡π’¬¡ —́≈‡øµ ¬—ß§ß
· ¥ßƒ∑∏‘Ïµâ“π·∫§∑’‡√’¬¥—™π’‰¥â‡™àπ‡¥’¬«°—∫πÈ”‡≈’È¬ß‡™◊ÈÕ ®÷ß
§“¥«à“™’« “√∑’ËÕÕ°ƒ∑∏‘ÏªØ‘™’«π–πà“®–‡ªìπ‚ª√µ’π·≈– “¡“√∂
À“§«“¡‡¢â¡¢âπ¢Õß‚ª√µ’π‰¥â‡∑à“°—∫ 1.746, 1.188, 0.242
·≈– 0.355 ¡‘≈≈‘°√—¡µàÕ¡‘≈≈‘≈‘µ√®“° “√≈–≈“¬ PPBs ∑’Ë

‡µ√’¬¡‰¥â®“°πÈ”‡≈’È¬ß‡™◊ÈÕ Brev. laterosporus SA 14,SA15,
B. megaterium BA6 ·≈– B. pumilus BA16/2  µ“¡
≈”¥—∫  ´÷Ëß®–‡ÀÁπ‰¥â«à“ª√‘¡“≥‚ª√µ’π¢Õß “√≈–≈“¬ PPBs
®“°‡™◊ÈÕ BA6 ·≈– BA16/2 ¡’ª√‘¡“≥πâÕ¬¡“° Õ—πÕ“®‡ªìπ
 “‡Àµÿ∑’Ë∑”„Àâ‰¡àµ√«®æ∫ƒ∑∏‘Ïµâ“π·∫§∑’‡√’¬¥—™π’„π°“√
∑¥≈Õßπ’È

°“√∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå
‡π◊ËÕß®“° “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ SA14 ·≈–

SA15 · ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠·∫§∑’‡√’¬¥—™π’ Salm.
typhimurium TA98 ·≈– TA100 ÷́Ëß∑”„Àâ‰¡à “¡“√∂À“
ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å‰¥â ®÷ß®”‡ªìπµâÕßÀ“§à“‰µ‡µ
Õ√å∑’Ë‰¡à„Àâƒ∑∏‘Ï¥—ß°≈à“« æ∫«à“∑’Ë‰µ‡µÕ√å 1:128 ‰¡àæ∫ƒ∑∏‘Ï¬—∫¬—Èß
°“√‡®√‘≠·∫§∑’‡√’¬¥—™π’ Salmonella ®÷ß‡≈◊Õ°§à“‰µ‡µÕ√å
¥—ß°≈à“«·≈–‰µ‡µÕ√å∑’Ë Ÿß¢÷Èπ‰ªÕ’° 3 §à“ (1:256, 1:512 ·≈–
1:1,024) ¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å
 à«π “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß‡™◊ÈÕ BA6 ·≈– BA 16/
2 ‰¡à· ¥ßƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠·∫§∑’‡√’¬¥—™π’ Salmonella ®÷ß
π”‰ª∑¥ Õ∫ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å‰¥â‚¥¬‰¡à
µâÕßÀ“§à“‰µ‡µÕ√å

‡¡◊ËÕ‡µ√’¬¡ “√≈–≈“¬ PPBs ®“°πÈ”‡≈’È¬ß·∫§∑’‡√’¬
∑¥ Õ∫ °ÿ≈∫“´‘≈≈— ∑—Èß 4 ™π‘¥ §◊Õ  Brev. laterosporus
SA14, SA15, B. megaterium BA6 ·≈– B. pumilus
BA16/2 „Àâ‰¥â‰µ‡µÕ√å∑’Ë‰¡à¡’ƒ∑∏‘Ï¬—∫¬—ÈßµàÕ·∫§∑’‡√’¬ Salm.
typhimurium TA98 ·≈– TA100 ·≈â«π”¡“»÷°…“À“
ƒ∑∏‘Ï°àÕ°“√°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å ‚¥¬¥Ÿ‡°≥±å mutagenicity
index (MI) ¡“°°«à“À√◊Õ‡∑à“°—∫ 4 ‡∑à“¢Õß spontaneous
colonies ¢Õß negative control(14, 25)  æ∫«à“ “√≈–≈“¬ PPBs
∑’Ëπ”¡“»÷°…“∑—ÈßÀ¡¥‰¡à· ¥ßƒ∑∏‘Ï „π°“√°àÕ°≈“¬æ—π∏ÿå
Õ¬à“ß‰√°Áµ“¡ —ß‡°µ‡ÀÁπ«à“ª√‘¡“≥¢Õß revertant colonies
∑’Ë≈¥≈ß¢Õß Salm. typhimurium ∑—Èß Õß “¬æ—π∏ÿå‡¡◊ËÕπ”
‰ªº ¡√«¡°—∫  “√≈–≈“¬ PPBs µ“¡«‘∏’∑¥ Õ∫°“√°àÕ
°≈“¬æ—π∏ÿå·∫∫‡Õ¡ å  (µ“√“ß∑’Ë 2) ´÷ËßÕ“®‡ªìπ‰ª‰¥â«à“‰µ‡µ
Õ√å¢Õß “√≈–≈“¬ PPBs ∑’Ëπ”¡“»÷°…“¬—ß§ß· ¥ßƒ∑∏‘Ï
∑”≈“¬·∫§∑’‡√’¬∑’Ëπ”¡“»÷°…“¥â«¬«‘∏’‡Õ¡ å ·≈– “¡“√∂ —ß‡°µ
‡ÀÁπ‰¥â«à“ Salm. typhimurium  “¬æ—π∏ÿå TA98 ¡’°“√
°≈“¬æ—π∏ÿå°≈—∫ ‰¥â¥’°«à“ TA100 (µ“√“ß∑’Ë 2 ·≈– 3)
Õ—πÕ“®‡π◊ËÕß®“° TA98 ¡’°≈‰°°“√°≈“¬æ—π∏ÿå·∫∫
frameshift ∑”„Àâ “¡“√∂· ¥ßÕÕ°∑“ß phenotype ‰¥â
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Õ¬à“ß‡¥àπ™—¥ ‡¡◊ËÕ¡’°“√°≈“¬æ—π∏ÿå‡°‘¥¢÷Èπ  ́ ÷Ëßµà“ß®“° TA100
∑’Ë¡’°≈‰°°“√°≈“¬æ—π∏ÿå·∫∫ base-pair substitution ∑’Ë¡—°
‰¡àª√“°Ø°“√· ¥ßÕÕ°¢Õß phenotype Õ¬à“ß‡¥àπ™—¥‡¡◊ËÕ
‡°‘¥°“√°≈“¬æ—π∏ÿå°≈—∫ ‡™àπ‡¥’¬«°—∫∑’Ë‰¥â‡§¬¡’√“¬ß“π‰«â„π
°“√«‘®—¬¢Õß Ismene ·≈–§≥–(16)  ∑’Ëæ∫«à“ ’¬âÕ¡∑’Ëπ”‰ª
»÷°…“ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å  “¡“√∂™—°π” TA98
„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå°≈—∫¡“°°«à“ TA100 πÕ°®“°π’È¬—ß¡’
√“¬ß“π∑’Ëπ‘¬¡„™â “¬æ—π∏ÿåµà“ßÊ ¢Õß Salmonella ¡“„™â»÷°…“
ƒ∑∏‘Ï°“√°àÕ°≈“¬æ—π∏ÿå¥â«¬«‘∏’‡Õ¡ å (TA97, TA98, TA100,
TA102, TA104, TA535, TA7001-TA7006) ÷́Ëß·µà≈–
 “¬æ—π∏ÿå®–¡’§«“¡‰«µàÕ “√°àÕ°≈“¬æ—π∏ÿå·µà≈–™π‘¥·µ°
µà“ß°—πÕÕ°‰ª(26-28)  ́ ÷Ëß·∫§∑’‡√’¬ “¬æ—π∏ÿå TA 98 ·≈– TA
100 ‡À¡“–·°à°“√π”¡“∑¥ Õ∫ƒ∑∏‘Ï°àÕ°≈“¬æ—π∏ÿå¢Õß “√
ª√–°Õ∫°≈ÿà¡ heterocyclic amines(29) ¥—ßπ—Èπ®÷ß§«√¡’°“√
æ—≤π“ “¬æ—π∏ÿå·≈–§—¥‡≈◊Õ° “¬æ—π∏ÿå¢Õß Salm. typhimurium
„Àâ¡’§«“¡‰«·≈–§«“¡®”‡æ“–µàÕ°“√∑¥ Õ∫¡“°¬‘Ëß¢÷Èπ ‡æ◊ËÕ
ª√–‚¬™πå„π°“√»÷°…“µàÕ‰ª

 “√≈–≈“¬ PPBs ∑’Ëπ”¡“∑¥ Õ∫∑—ÈßÀ¡¥®–‰¡à¡’ƒ∑∏‘Ï
„π°“√°àÕ°≈“¬æ—π∏ÿå‡¡◊ËÕ∑¥ Õ∫¥â«¬«‘∏’‡Õ¡ å∑’Ë‰¡à¡’√–∫∫
‡Õπ‰´¡å°√–µÿâπ “√æ‘… (S9 mix) ®“°µ—∫Àπ ·µà¬—ß‰¡à “¡“√∂
 √ÿª‰¥â·πà™—¥«à“®–‰¡à‡°‘¥°“√™—°π”„Àâ‡°‘¥°“√°àÕ°≈“¬æ—π∏ÿå
‡¡◊ËÕπ”‰ª„™â°—∫ ‘Ëß¡’™’«‘µÕ◊ËπÊ ‡™àπ ¡πÿ…¬åÀ√◊Õ —µ«å ‡æ√“–¡’
√“¬ß“π«à“ “√∫“ß™π‘¥‡¡◊ËÕ∂Ÿ°°√–µÿâπ‚¥¬√–∫∫‡Õπ‰´¡å S9
Õ“®∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘°àÕ°≈“¬æ—π∏ÿå‰¥â(30-33)

„π°“√»÷°…“§√—ÈßµàÕ‰ª®÷ß§«√¡’°“√π” “√≈–≈“¬ PPBs ‰ª
º ¡°—∫‡Õπ‰´¡å S9 °àÕππ”‰ª∑¥ Õ∫°“√°àÕ°≈“¬æ—π∏ÿå
¥â«¬«‘∏’‡Õ¡ å √«¡∂÷ß°“√π”‰ª∑¥ Õ∫°—∫‡´≈≈å‡æ“–‡≈’È¬ß∑’Ë
„°≈â‡§’¬ß°—∫‡´≈≈å¡πÿ…¬å(15,16)  ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈ƒ∑∏‘Ï°àÕ°≈“¬
æ—π∏ÿå∑’Ë™—¥‡®π¬‘Ëß¢÷Èπ

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ∫“ß à«π®“°ß∫ª√–¡“≥

·ºàπ¥‘π ªïß∫ª√–¡“≥ 2551 (WU51109) ®“°¡À“«‘∑¬“≈—¬
«≈—¬≈—°…≥å ®—ßÀ«—¥π§√»√’∏√√¡√“™ ¢Õ¢Õ∫§ÿ≥ ”π—°«‘™“
 À‡«™»“ µ√å·≈– “∏“√≥ ÿ¢»“ µ√å∑’Ë‡Õ◊ÈÕ‡øóôÕ ∂“π∑’Ë·≈–
«— ¥ÿÕÿª°√≥å∫“ßÕ¬à“ß„π°“√∑”ß“π«‘®—¬
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