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Abstract
Suntinanalert, P., Chalad, C., Phumathon, S., Sangkaew, S. and Sukhoom, A.

Microbiology of traditional fermented soybean curd (Sufu)
Songklanakarin J. Sci. Technol., 2005, 27(2) : 363-375

Microorganisms in traditional fermenting soybean curd (Sufu) were quantitated. Total microbial

populations of bacteria, molds and yeasts were 1.6×××××101 to 4.0×××××105, 2.4×××××101 to 3.9×××××105 and  4.4×××××103 to 8.0×××××105

CFU/g, respectively. Aspergillus, Penicillium, Rhizopus and Bacillus were dominantly found in koji inoculum.

Bacillus, Pediococcus and Saccharomyces were mainly detected throughout the fermentation process. The

other microorganisms were Staphylococcus, Pichia and Debaryomyces. All isolated microorganisms were

halotolerant at salt concentrations between 5 to 20%. Aspergillus, Penicillium and Bacillus could produce

potential proteolytic and amylolytic enzymes, implying that these microorganisms may play significant roles

in the fermentation of tofu substrate.

The nutritional evaluation of fermenting Sufu had protein content between 16.09-21.91%, sugar 4.23-

9.14%, lipid 7.20-12.76%, salt 10.06-11.26%, humidity 47.55-57.97%, ash 9.24-15.63%, fibre 0.10-0.16%,

pH 4.99-5.75 and fermenting temperature at 29-31ºC. Additionally, aflatoxin B1 at the concentration of 10.8-

22.8 ppb could be detected in the fermenting Sufu by ELISA methods whereas the final product of Sufu
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remained 18.4 ppb. Additionally, the commercial Sufu in the markets had aflatoxin in the range of 1.5-15.2

ppb which is in the control of FDA (U.S.A.) standard that aflatoxin in food and peanut products should be

less than 20 ppb.

Key words : soybean curd, soybean, sufu, microbiology, fermented food
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°“√µ√«®∑“ß®ÿ≈™’««‘∑¬“¢Õß‡µâ“ÀŸâ¬’È∑’ËÀ¡—°·∫∫¥—Èß‡¥‘¡ µ—Èß‡‡µà‡√‘Ë¡À¡—°®π‡ªìπº≈‘µ¿—≥±å ”‡√Á®√Ÿª æ∫«à“¡’

ª√‘¡“≥‡‡∫§∑’‡√’¬ √“ ‡‡≈–¬’ µåÕ¬Ÿà√–À«à“ß 1.6×××××101
 ∂÷ß 4.0×××××105

, 2.4×××××101
 ∂÷ß 3.9×××××105

 ‡‡≈– 4.4×××××103
 ∂÷ß 8.0×××××105

 CFU/

°√—¡ µ“¡≈”¥—∫  ®ÿ≈‘π∑√’¬å∑’Ë‡ªìπÀ—«‡™◊ÈÕ‡√‘Ë¡µâπ∫π‚§®‘ §◊Õ Aspergillus, Penicillium, Rhizopus ‡‡≈– Bacillus   à«π

Bacillus, Pediococcus ‡‡≈– Saccharomyces ‡ªìπ®ÿ≈‘π∑√’¬å∑’Ëµ√«®æ∫µ≈Õ¥°“√À¡—° πÕ°®“°π’È¬—ßµ√«®æ∫®ÿ≈‘π∑√’¬å

Õ◊ËπÊ Õ’° ‰¥â‡‡°à Staphylococcus, Pichia ‡‡≈– Debaryomyces ®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥∑’Ë‡‡¬°‰¥â‡ªìπ®ÿ≈‘π∑√’¬å∑π‡°≈◊Õ

§«“¡‡¢â¡¢âπ√–À«à“ß 5 ∂÷ß 20% ·≈–¡’∫∑∫“∑„π°“√¬àÕ¬ ≈“¬‡µâ“ÀŸâ„π°√–∫«π°“√À¡—° ‚¥¬‡©æ“– Aspergillus,

Penicillium ‡‡≈– Bacillus ∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π·≈–‡‡ªÑß‰¥â¥’

®“°°“√µ√«® Õ∫§ÿ≥¿“æ∑“ßÕ“À“√¢Õßµ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥°“√º≈‘µ  æ∫«à“¡’ª√‘¡“≥‚ª√µ’πÕ¬Ÿà√–À«à“ß

16.09-21.91%  ª√‘¡“≥πÈ”µ“≈ 4.23-9.14%  ª√‘¡“≥‰¢¡—π 7.20-12.76%  ª√‘¡“≥‡°≈◊Õ 10.06-11.26%  ª√‘¡“≥

§«“¡™◊Èπ 47.55-57.97%  ª√‘¡“≥‡∂â“ 9.24-15.63%   ª√‘¡“≥‡ âπ„¬ 0.10-0.16%  §à“§«“¡‡ªìπ°√¥¥à“ß 4.99-5.75 ‡‡≈–

Õÿ≥À¿Ÿ¡‘√–À«à“ß°“√À¡—° 29-31
o
C  à«πª√‘¡“≥ “√æ‘…Õ–ø≈“∑Õ°´‘π™π‘¥ B1 ∑’Ëµ√«®æ∫„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥

°“√º≈‘µ‚¥¬«‘∏’ ELISA Õ¬Ÿà√–À«à“ß 10.8-22.8 ppb ·µà‡¡◊ËÕ∑”‡ªìπº≈‘µ¿—≥±å ”‡√Á®√Ÿª¡’Õ–ø≈“∑Õ°´‘π‡À≈◊Õ 18.4 ppb

 à«π‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª∑’Ë«“ß¢“¬µ“¡∑âÕßµ≈“¥ ¡’ª√‘¡“≥Õ–ø≈“∑Õ°´‘πÕ¬Ÿà√–À«à“ß 1.5-15.2 ppb. ´÷Ëß‰¡à‡°‘π¡“µ√∞“π

¢ÕßÕß§å°“√Õ“À“√·≈–¬“ À√—∞Õ‡¡√‘°“ (FDA) ∑’Ë°”Àπ¥„ÀâÕ“À“√·≈–º≈‘µ¿—≥±å∂—Ë«¡’Õ–ø≈“∑Õ°´‘π‰¡à‡°‘π 20 ppb.

‡µâ“ÀŸâ¬’È‡ªìπÕ“À“√À¡—°æ◊Èπ‡¡◊Õß¢Õß™“«®’π ∑’Ë∑”
®“°‡µâ“ÀŸâ ´÷Ëßπ‘¬¡∫√‘‚¿§°—π∑—Ë«‰ª ‚¥¬„™â‡ªìπ‡§√◊ËÕßª√ÿß√ 
„πÕ“À“√ª√–‡¿∑ ÿ°’È ‡¬Áπµ“‚ø À√◊Õπ”¡“∫√‘‚¿§√à«¡°—∫
¢â“«µâ¡ ‡π◊ËÕß®“°‡ªìπÕ“À“√À¡—°∑’Ë„Àâ°≈‘Ëπ  ’ √ ™“µ‘∑’Ë¥’
·≈–¬—ß„Àâ§ÿ≥§à“∑“ß‚¿™π“°“√  ‚¥¬‡ªìπ‡‡À≈àß¢Õß “√
Õ“À“√‚ª√µ’π §“√å‚∫‰Œ‡¥√∑ ·≈–‰¢¡—π   °√–∫«π°“√
º≈‘µ‡µâ“ÀŸâ¬’È¡’À≈“¬«‘∏’´÷Ëß·µ°µà“ß°—π‰ªµ“¡ Ÿµ√¢Õß·µà≈–
‚√ßß“π‡π◊ËÕß®“°‰¥â√—∫°“√∂à“¬∑Õ¥¡“„π√–∫∫§√Õ∫§√—«
´÷ËßæÕ √ÿª¢—ÈπµÕπ‰¥â¥—ßπ’È  µ—¥‡µâ“ÀŸâ„Àâ‰¥â¢π“¥ 2.5×3×2

´¡. ‡‡™à°âÕπ‡µâ“ÀŸâ„π “√≈–≈“¬∑’Ë¡’ à«πº ¡¢Õß‡°≈◊Õ
(NaCl)  6%  °—∫°√¥´‘µ√‘°  2.5%  ‡ªìπ‡«≈“  1  ™—Ë«‚¡ß
π”‰ªπ÷ËßÀ√◊ÕÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 100ºC ‡ªìπ‡«≈“ 10 π“∑’‡æ◊ËÕ

∑”≈“¬®ÿ≈‘π∑√’¬åªπ‡ªóôÕπ ·≈â««“ß°âÕπ‡µâ“ÀŸâ∫π°√–¥âßÀ√◊Õ
∂“¥∑’Ë¡’™àÕß‡æ◊ËÕ™à«¬„ÀâÕ“°“»∂à“¬‡∑‰¥â –¥«°·≈–‡À¡“–
‡‡°à°“√‡°‘¥‡ âπ„¬¢Õß√“·≈â«ª≈àÕ¬„Àâ‡¬Áπ®“°π—Èπ„ àÀ—«‡™◊ÈÕ
Actinomucor elegans ≈ß∫πº‘«¢Õß‡µâ“ÀŸâ‡æ◊ËÕ∑”‡ªìπ‚§®‘
(koji) ·≈â«π”°âÕπ‡µâ“ÀŸâ‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 20ºC ‡ªìπ‡«≈“
3-7 «—π ®π°√–∑—Ëß‡µâ“ÀŸâ¡’‡ âπ„¬¢Õß‡™◊ÈÕ√“¢÷ÈπøŸ ®“°π—Èπ
π”°âÕπ‡µâ“ÀŸâ‰ª‡√’¬ß≈ß„π∂—ßÀ¡—°‡ªìπ™—ÈπÊ  ≈—∫°—∫°“√‚√¬
‡°≈◊Õ∫π°âÕπ‡µâ“ÀŸâ  ´÷Ëß¡’ª√‘¡“≥‡°≈◊Õª√–¡“≥ 6-12 %

(À√◊Õ‡µ‘¡‡ªìππÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ 6-12%) ªî¥Ω“∂—ßÀ¡—°
·≈â«∫à¡‰«â°≈“ß·¥¥ª√–¡“≥ 2-6 ‡¥◊Õπ  ·µà∫“ß‚√ßß“π
∫à¡‰«â 9 ‡¥◊Õπ ‡‡≈â«‡‡µàß°≈‘Ëπ·≈–√ ¢Õß‡µâ“ÀŸâ¬’Èµ“¡µâÕß°“√
‡™àπ ‡µ‘¡‰«πå¢â“«‡®â“ ∂—Ë«‡À≈◊Õß∫¥À√◊Õ¢â“«∫¥   à«π„π°√≥’
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º≈‘µ‡µâ“ÀŸâ¬’È‡‡¥ß „Àâ„ à‡™◊ÈÕ Monascus purpureus ÷́Ëß„Àâ
 “√ ’·¥ß¢Õß monascarubrin ·≈â«∫à¡µàÕÕ’° 40-60 «—π
®“°π—Èππ”‰ª∫√√®ÿ¢«¥‡‡≈–ºà“π°“√µâ¡À√◊Õæ“ ‡®Õ√å‰√ å
‡æ◊ËÕ¶à“‡™◊ÈÕ°àÕππ”‰ª®”Àπà“¬À√◊Õ∫√‘‚¿§ (ª√–‡ √‘∞, 2527;

≈—¥¥“«—≈¬å, 2536)

‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ëµ√«®æ∫„π‡µâ“ÀŸâ¬’È  ‰¥â·°à  ‡™◊ÈÕ√“
Actinomucor elegans,  Mucor  sufu,  M. hiemalis,

M.  silvaticus,  M. subtilissimus (Wai, 1968),  A.

taiwanensis (Chou et al., 1988)  ·≈–  Rhizopus sp.

(Han et al., 2001)   à«π‡™◊ÈÕ·∫§∑’‡√’¬∑’Ëµ√«®æ∫ ‰¥â·°à
Bacillus  ·≈–  Micrococcus  (Han et al., 2001  ·≈–
Han et al., 2004)

ªí®®ÿ∫—π¬—ß¡’‚√ßß“π‡ªìπ®”π«π¡“°∑’Ëº≈‘µ‡µâ“ÀŸâ¬’È
·∫∫¥—Èß‡¥‘¡‚¥¬„™â‡™◊ÈÕ√“∑’Ë¡’Õ¬Ÿà„πÀâÕß∫à¡‡µâ“ÀŸâ ·≈–¬—ß‰¡à¡’
√“¬ß“π¢Õß¢âÕ¡Ÿ≈∑“ß®ÿ≈™’««‘∑¬“¢Õß°√–∫«π°“√À¡—°
‡µâ“ÀŸâ¬’È∑—Èß√–∫∫·≈–‰¡à∑√“∫∂÷ß∫∑∫“∑¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å„π
°√–∫«π°“√¥—ß°≈à“«  ¥—ßπ—Èπ°“√»÷°…“«‘®—¬§√—Èßπ’È®÷ß‡ªìπ
°“√µ√«®À“ª√‘¡“≥‡‡≈–™π‘¥¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥
°“√‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å„πÕ“À“√∑’Ë¡’‡°≈◊Õ§«“¡‡¢â¡¢âπµà“ßÊ
°—π °“√º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–‰¢¡—π µ≈Õ¥®π
°“√µ√«® Õ∫§ÿ≥¿“æ∑“ßÕ“À“√¢Õß‡µâ“ÀŸâ¬’È ·≈–µ√«®À“
 “√æ‘…Õ–ø≈“∑Õ°´‘π„π°√–∫«π°“√º≈‘µ√«¡∑—Èßº≈‘µ¿—≥±å
 ”‡√Á®√Ÿª ´÷Ëß®–‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’Ë “¡“√∂π”‰ªª√–¬ÿ°µå
„™â„π°“√æ—≤π“¥â“π‡∑§‚π‚≈¬’„π°“√º≈‘µ‡µâ“ÀŸâ¬’È„Àâ¡’§«“¡
√«¥‡√Á«‡‡≈–¡’§ÿ≥¿“æ∑’Ë¥’µàÕ‰ª

«— ¥ÿ Õÿª°√≥å‡‡≈–«‘∏’°“√

Õ“À“√‡≈’È¬ß‡™◊ÈÕ

Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë„™â„π°“√∑¥≈Õß‡ªìπÕ“À“√‡≈’È¬ß
‡™◊ÈÕ¡“µ√∞“π¢Õß∫√‘…—∑ Difco (Difco Laboratories,

Detriot, Michigan, U.S.A.) ‰¥â·°à Triptic Soy Agar

(TSA),  Nutrient Agar (NA),  de Man Rogosa and

Sharpe Agar (MRSA), Fluid Thioglycollate ∑’Ë‡µ‘¡
2% agar (THIO),  Potato  Dextrose  Agar  (PDA) ∑’Ë
‡µ‘¡¬“ªØ‘™’«π– streptomycin 200 µg/¡≈. ·≈–Õ“À“√
 ”À√—∫∫àß™’È‡™◊ÈÕ®ÿ≈‘π∑√’¬å    à«πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë„™â·¬°
·∫§∑’‡√’¬™Õ∫‡°≈◊Õ§◊Õ Halophilic Medium Agar (HMA)

(Cote, 1989)

°“√‡°Á∫µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È

‡°Á∫µ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èª√–¡“≥ 100 °√—¡ ®“°µÿà¡À¡—°
‡¥’¬«°—π¢Õß‚√ßß“π‡µâ“ÀŸâ¬’È  Õ”‡¿Õ‡¡◊Õß  ®—ßÀ«—¥ ß¢≈“
´÷Ëß∑”‡ªìπÕÿµ “À°√√¡„π§√—«‡√◊Õπ ‚√ßß“ππ’Èº≈‘µ‡µâ“ÀŸâ¬’È
 ’‡À≈◊Õß‚¥¬°“√À¡—°·∫∫¥—Èß‡¥‘¡π“π∂÷ß 9 ‡¥◊Õπ ‚¥¬‡°Á∫
µ—«Õ¬à“ß∑ÿ°‡¥◊Õπµ—Èß‡‡µà‡√‘Ë¡µâπ°“√À¡—°∫π‚§®‘®π‡ªìπ
º≈‘µ¿—≥±å ÿ¥∑â“¬ √«¡ 11 µ—«Õ¬à“ß ‚¥¬‡°Á∫µ—«Õ¬à“ß≈ß„π
¢«¥Ω“‡°≈’¬«ª√“»®“°‡™◊ÈÕ  ‡‡≈â«π”¡“µ√«®À“ª√‘¡“≥
®ÿ≈‘π∑√’¬å∑—π∑’  ‡‡≈–‡°Á∫µ—«Õ¬à“ß∑’Ë‡À≈◊Õ‰«â„πÀâÕß‡¬ÁπÕÿ≥À¿Ÿ¡‘
4ºC ‡æ◊ËÕµ√«®«‘‡§√“–Àå§ÿ≥¿“æ∑“ßÕ“À“√µàÕ‰ª

°“√µ√«®π—∫®ÿ≈‘π∑√’¬å

µ√«®π—∫®ÿ≈‘π∑√’¬å∑’Ë‡ªìπ‡‡∫§∑’‡√’¬ √“ ‡‡≈–¬’ µå®“°
µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È ‚¥¬™—Ëß‡µâ“ÀŸâ¬’È 25 °√—¡ „ à„π 6% ‡°≈◊Õ
(NaCl) 225 ¡≈. ∑”„Àâµ—«Õ¬à“ß‡®◊Õ®“ß§√—Èß≈– 10 ‡∑à“„π
πÈ”‡°≈◊Õ 6%  ·≈â«°√–®“¬‡™◊ÈÕ≈ß∫πÕ“À“√‡‡¢Áß TSA,

MRSA  ∑’Ë‡µ‘¡  0.04% bromcresol purple  ‡ªìπÕ‘π¥‘-
‡§‡µÕ√å ‡æ◊ËÕµ√«®À“‡‡∫§∑’‡√’¬‡‡≈§µ‘°´÷Ëß‡ÀÁπ‡ªìπ ’‡À≈◊Õß
√Õ∫‚§‚≈π’∫π  MRSA  ‡‡≈–  THIO  ∑’Ë‡µ‘¡‡°≈◊Õ§«“¡
‡¢â¡¢âπ 0%, 5% ‡‡≈– 10% ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35ºC ‡ªìπ‡«≈“
24-48 ™—Ë«‚¡ß  „π°√≥’¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ THIO ∫à¡„π
 ¿“«–∑’Ë‰¡à¡’ÕÕ° ‘́‡®π„π anaerobic jar    à«πÕ“À“√
PDA ‡æ◊ËÕ‡æ“–‡≈’È¬ß‡™◊ÈÕ√“·≈–¬’ µå ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30ºC

‡ªìπ‡«≈“ 7 «—π·≈– 2 «—π µ“¡≈”¥—∫  ‡‡≈– ”À√—∫Õ“À“√
HMA ∑’Ë‡µ‘¡‡°≈◊Õ§«“¡‡¢â¡¢âπ 10%, 15% ‡‡≈– 20% ∫à¡
∑’ËÕÿ≥À¿Ÿ¡‘  35ºC ‡ªìπ‡«≈“ 2-3  —ª¥“Àå ‚¥¬¥Ÿº≈∑ÿ°«—π
·≈â«§—¥‡≈◊Õ°·≈–‡‡¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å„Àâ∫√‘ ÿ∑∏‘Ï∫πÕ“À“√∑’Ë
‡À¡“– ¡ ‚¥¬¥Ÿ®“°≈—°…≥– ¢π“¥ ‡‡≈– ’¢Õß‚§‚≈π’ ‡°Á∫
‡™◊ÈÕ„π agar slant ∑’Ë¡’æ“√“øîπ‡À≈«ªî¥∑—∫∑’Ë 4ºC  ”À√—∫
°“√»÷°…“µàÕ‰ª

°“√∫àß™’È °ÿ≈¢Õß®ÿ≈‘π∑√’¬å

°“√∫àß™’È °ÿ≈¢Õß‡‡∫§∑’‡√’¬ ‚¥¬°“√∑¥ Õ∫∑“ß
™’«‡§¡’µ“¡ Bergey's Manual of Determinative Bac-

teriology (Krieg, 1984) ‚¥¬°“√π”‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï¡“∑¥ Õ∫
∑“ß°“¬¿“æ‡‡≈–∑“ß™’«‡§¡’ ‰¥â‡‡°à °“√∑¥ Õ∫°“√¬âÕ¡ ’
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°√—¡,  °“√ √â“ß ªÕ√å,  °“√‡§≈◊ËÕπ∑’Ë,  °“√ √â“ß‡Õπ‰´¡å
catalase,  oxidase,  lysine decarboxylase,  °“√‡®√‘≠
„π ¿“æ‰¡à¡’ÕÕ°´‘‡®π, °“√∑¥ Õ∫ indole, methyl red

(MR), Voges-Proskauer (VP), °“√„™â citrate, urea,

triple sugar iron (TSI), §«“¡ “¡“√∂„π°“√„™âπÈ”µ“≈
‰¥â‡‡°à °≈Ÿ‚§ , ´Ÿ‚§√ , ø√ÿ§‚µ , ¡Õ≈‚µ , ·¡ππ‘∑Õ≈,
‡‡≈§‚µ  ·≈–°“‡‡≈§‚µ 

 à«π°“√∫àß™’È °ÿ≈¢Õß‡™◊ÈÕ√“‚¥¬°“√∑¥ Õ∫∑“ß
 —≥∞“π«‘∑¬“∑“ß√“µ“¡ Biology of Fungi (Rose, 1979)

‚¥¬»÷°…“≈—°…≥–‚§‚≈π’  ≈—°…≥–‡ âπ„¬‡°“–‡‡πàπÀ√◊ÕøŸ
°√–®“¬‡µÁ¡®“πÕ“À“√‡≈’È¬ß‡™’ÈÕ  ’¢Õß‡ âπ„¬  ’¢Õß ªÕ√å
»÷°…“≈—°…≥–∑“ß —≥∞“π«‘∑¬“ ®“°°“√¬âÕ¡¥â«¬ ’ lacto-

phenol cotton blue ‡æ◊ËÕ¥Ÿ≈—°…≥–‡ âπ„¬¡’ºπ—ß°—ÈπÀ√◊Õ
‰¡à  ∑÷∫À√◊Õ„   ≈—°…≥– ªÕ√å·∫∫‰¡àÕ“»—¬‡æ»‡ªìπ‡‡∫∫
conidia  À√◊Õ  sporangiospore  √«¡∑—Èß≈—°…≥–°â“π™Ÿ
(sporangiophore)   à«π°“√∫àß™’È °ÿ≈¢Õß‡™◊ÈÕ¬’ µå ‚¥¬
°“√∑¥ Õ∫∑“ß™’««‘∑¬“µ“¡ The Yeast, Vol.1., The

Biology of Yeast (Rose and Harrison, 1969) »÷°…“
≈—°…≥–  ¢π“¥   ’‚§‚≈π’  ·≈–¥Ÿ≈—°…≥–√Ÿª√à“ß¢Õß¬’ µå
°“√ √â“ß‡ âπ„¬‡ªìπ‡‡∫∫ true mycelium À√◊Õ pseudo-

mycelium  —ß‡°µ ascospore °“√ √â“ßΩÑ“ §«“¡ “¡“√∂
„π°“√À¡—°πÈ”µ“≈™π‘¥µà“ßÊ ·≈–§«“¡ “¡“√∂„π°“√„™â
‡°≈◊Õ‰π‡µ√µ

°“√∑¥ Õ∫°“√‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß

‡µâ“ÀŸâ¬’È∫πÕ“À“√∑’Ë¡’‡°≈◊Õ§«“¡‡¢â¡¢âπµà“ßÊ °—π

∑¥ Õ∫°“√‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å„πÕ“À“√∑’Ë¡’‡°≈◊Õ
§«“¡‡¢â¡¢âπµà“ßÊ ‚¥¬°“√‡æ“–‡≈’È¬ß‡‡∫§∑’‡√’¬≈ß∫π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ TSA ∑’Ë‡µ‘¡‡°≈◊Õ§«“¡‡¢â¡¢âπ 0%, 5%,

10%, 15% ‡‡≈– 20% ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35ºC  µ√«®¥Ÿº≈
∑ÿ°«—π‡ªìπ‡«≈“ 3 «—π    ”À√—∫√“‡‡≈–¬’ µå ∑”°“√‡æ“–
‡≈’È¬ß∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ PDA ∑’Ë‡µ‘¡‡°≈◊Õ§«“¡‡¢â¡¢âπ
0%, 5%, 10%, 15% ‡‡≈– 20% ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30ºC ‡ªìπ
‡«≈“ª√–¡“≥ 1-2  —ª¥“Àå  ‚¥¬¥Ÿº≈°“√‡µ‘∫‚µ∑ÿ°«—π

°“√µ√«® Õ∫®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È„π

°“√º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–‰¢¡—π

µ√«® Õ∫°“√º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–

‰¢¡—π¢Õß‡‡∫§∑’‡√’¬∑’Ë‡‡¬°‰¥â  ‚¥¬„™â‰¡â®‘È¡øíπ∑’Ëª√“»®“°
‡™◊ÈÕ ªÑ“¬‡™◊ÈÕ‡‡µà≈– “¬æ—π∏ÿå≈ß∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ NA +

1%skim  milk,  NA + 1%corn starch ‡‡≈– NA + 1%

tributyrin  π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 35ºC  ‡ªìπ‡«≈“ 18-24

™—Ë«‚¡ß   ”À√—∫√“‡‡≈–¬’ µå „Àâ„™â‰¡â®‘È¡øíπ∑’Ëª√“»®“°‡™◊ÈÕ
ªÑ“¬‡™◊ÈÕ‡‡µà≈– “¬æ—π∏ÿå≈ß∫πÕ“À“√ Glucose medium

÷́Ëß„πª√‘¡“µ√ 1 ≈‘µ√ ª√–°Õ∫¥â«¬ yeast extract 0.5

°√—¡, peptone 10.0 °√—¡, agar 15.0 °√—¡ ‡‡≈– glucose

10 °√—¡ ·µà‡µ‘¡ “√µàÕ‰ªπ’È·∑π°≈Ÿ‚§  „π°√≥’∑¥ Õ∫
°“√¬àÕ¬‚ª√µ’π ·ªÑß·≈–‰¢¡—π ‚¥¬‡µ‘¡ 1%skim milk,

1%corn starch À√◊Õ 1%tributyrin µ“¡≈”¥—∫ ·≈â«π”
‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30ºC  ‡ªìπ‡«≈“ 18-24 ™—Ë«‚¡ß

‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–‰¢¡—π
‡ÀÁπ‡ªìπ«ß„ √Õ∫‚§‚≈π’ «—¥§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬
‚¥¬ª√–¡“≥   ‡ªìπ¥’°√’¢Õß°“√¬àÕ¬ ≈“¬ (degree of

hydrolysis) ÷́Ëß‡∑à“°—∫§«“¡°«â“ß¢Õß‡ âπºà“»Ÿπ¬å°≈“ß
¢Õß«ß„  (¡¡.) À“√¥â«¬‡ âπºà“»Ÿπ¬å°≈“ß¢Õß‚§‚≈π’ (¡¡.)

°“√«‘‡§√“–Àå§ÿ≥¿“æ∑“ßÕ“À“√¢Õß‡µâ“ÀŸâ¬’È

°“√µ√«®À“§ÿ≥¿“æ∑“ßÕ“À“√¢Õßµ—«Õ¬à“ß‡µâ“ÀŸâ¬’È
‚¥¬∑”°“√«‘‡§√“–Àåµ—«Õ¬à“ß 3 ´È” ‡‡≈â«À“§à“‡©≈’Ë¬ ‰¥â‡‡°à
°“√µ√«®«‘‡§√“–ÀåÀ“ª√‘¡“≥‚ª√µ’π‚¥¬«‘∏’ Kjeldahl

method (AOAC, 1990) °“√«‘‡§√“–ÀåÀ“ª√‘¡“≥πÈ”µ“≈
∑—ÈßÀ¡¥‚¥¬„™â phenol sulfuric method (Chaplin, 1986)

°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥‰¢¡—π‚¥¬„™â soxhlet method

(AOAC, 1990) °“√«‘‡§√“–ÀåÀ“ª√‘¡“≥‡°≈◊Õ¥â«¬«‘∏’ silver

nitrate (AOAC, 1990)  °“√«‘‡§√“–ÀåÀ“§«“¡™◊Èπ‚¥¬„™â
hot air oven method (AOAC, 1990) °“√«‘‡§√“–ÀåÀ“
‡∂â“‚¥¬„™â direct method (AOAC,1990) °“√«‘‡§√“–Àå
À“‡ âπ„¬‚¥¬„™â extraction unit method (AOAC, 1990)

·≈–°“√«‘‡§√“–ÀåÀ“§à“§«“¡‡ªìπ°√¥¥à“ß‚¥¬„™â‡§√◊ËÕß pH

meter

°“√µ√«®À“Õ–ø≈“∑Õ°´‘π B1 (Aflatoxin B1)

°“√µ√«®À“Õ–ø≈“∑Õ° ‘́π„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥
°“√º≈‘µ·≈–‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª 11 µ—«Õ¬à“ß  ∑’Ë«“ß¢“¬„π
µ≈“¥ ¥·≈–Àâ“ß √√æ ‘π§â“„π Õ.À“¥„À≠à ®. ß¢≈“ ‚¥¬
„™â Aflatoxin B

1
 ELISA Test Kit ·≈–∑”µ“¡¢—ÈπµÕπ∑’Ë



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 2 ¡’.§. - ‡¡.¬. 2548
®ÿ≈™’««‘∑¬“¢Õß‡µâ“ÀŸâ¬’È∑’ËÀ¡—°·∫∫¥—Èß‡¥‘¡

ª√–‡ √‘∞   —πµ‘π“π“‡≈‘» ·≈–§≥–367

·π∫¡“°—∫™ÿ¥∑¥ Õ∫ (°≈ÿà¡ß“π«‘®—¬‚√§æ◊™º≈‘µº≈‡°…µ√,

2543) ¥—ßπ’È   π”µ—«Õ¬à“ß∑’Ë∫¥≈–‡Õ’¬¥ª√‘¡“≥ 20 °√—¡
·≈â« °—¥¥â«¬ 100 ¡≈. 70% methanol π”‰ª‡¢¬à“¥â«¬
§«“¡‡√Á« 300 √Õ∫/π“∑’  20  π“∑’  ®“°π—Èπ«“ßµ—«Õ¬à“ß
∑‘Èß‰«â 5-10 π“∑’ π”‰ª°√Õß¥â«¬°√–¥“…°√Õß Whatman

no.1 ‡°Á∫ à«π„ „π¢«¥∑’Ë¡’Ω“ªî¥ π‘∑ Àÿâ¡¥â«¬øÕ¬≈å‡æ◊ËÕ
ªÑÕß°—π‡‡ ß «à“ß‡‡≈â«‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ -20ºC °àÕπ®–π”¡“
«‘‡§√“–ÀåµâÕß‡®◊Õ®“ß¥â«¬ washing  buffer „Àâ‡ªìπ 1:20

( “√ °—¥ 1 ¡≈. µàÕ buffer 3 ¡≈.) π” “√≈–≈“¬µ—«Õ¬à“ß
¡“«‘‡§√“–Àå‚¥¬À¬¥ 50 µl ¢Õß “√æ‘…¡“µ√∞“π 5 §«“¡
‡¢â¡¢âπ§◊Õ  0,  10,  20,  40  ‡‡≈–  100  ppb.  (part  per

billion) ≈ß„πÀ≈ÿ¡ micro titer plate §«“¡‡¢â¡¢âπ≈–
1 À≈ÿ¡ ‡‡≈–À¬¥ 50 µl ¢Õß “√ °—¥µ—«Õ¬à“ß∑’Ë‡®◊Õ®“ß‡‡≈â«
≈ß„πÀ≈ÿ¡∑’Ë‡À≈◊Õ  À¬¥ 50 µl ¢Õß enzyme conjugate

∑’Ë‡®◊Õ®“ß‡‡≈â«µ“¡≈ß‰ª∑ÿ°À≈ÿ¡ ‡¢¬à“‡∫“Ê 4-5 §√—Èß ‡æ◊ËÕ
„Àâ‡¢â“°—π  Àÿâ¡¥â«¬°√–¥“…øÕ¬≈å  ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 37ºC

„π∑’Ë¡◊¥π“π 30 π“∑’ §«Ë” plate ‡§“–‡Õ“ “√„πÀ≈ÿ¡∑‘Èß
‡‡≈â«≈â“ß¥â«¬ washing buffer 3-4 §√—Èß ‚¥¬„π‡‡µà≈–§√—Èß
∑‘Èß‰«â 1-3 π“∑’  À¬¥ substrate A 100 µl ≈ß„πÀ≈ÿ¡

Àÿâ¡¥â«¬°√–¥“…øÕ¬≈å‡‡≈â«∫à¡„π∑’Ë¡◊¥π“π 10-15 π“∑’
®–‡°‘¥ ’øÑ“„πÀ≈ÿ¡∑’Ë‰¡à¡’ “√æ‘…À√◊Õ¡’πâÕ¬   à«πÀ≈ÿ¡∑’Ë¡’
 “√æ‘… ’®–®“ßÀ√◊Õ„ µ“¡§«“¡‡¢â¡¢âπ¢Õß “√æ‘…∑’Ëµ√«®
æ∫ ·≈â«À¬ÿ¥ªØ‘°‘√‘¬“‚¥¬‡µ‘¡ stopping solution 100 µl

´÷Ëß®–∑”„Àâ ’∑’Ë‡°‘¥¢÷Èπ‡ªìπ ’‡À≈◊Õß π”¡“Õà“πº≈¥â«¬‡§√◊ËÕß
Micro  Elisa  Plate  Reader  ELx808  (Bio-Tex

Instruments, Inc., U.S.A.) ∑’Ë§«“¡¬“«§≈◊Ëπ 630 nm

 ”À√—∫ ’øÑ“ ‡‡≈– 450 nm  ”À√—∫ ’‡À≈◊Õß π”§à“ O.D. ∑’Ë
‰¥â‡∑’¬∫°—∫°√“ø¡“µ√∞“π¢Õß “√Õ–ø≈“∑Õ°´‘π π”§à“
∑’Ë‰¥â¡“§Ÿ≥¥â«¬ dilution factor  ‡ªìπ§«“¡‡¢â¡¢âπ “√
Õ–ø≈“∑Õ°´‘π „πÀπà«¬ ppb

º≈°“√∑¥≈Õß

ª√‘¡“≥¢Õß®ÿ≈‘π∑√’¬å√–À«à“ß°“√À¡—°‡µâ“ÀŸâ¬’È

®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥∑’Ëæ∫„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’ÈÕ“¬ÿµà“ßÊ
∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ 5 ™π‘¥ §◊Õ TSA, MRSA, THIO,

PDA ‡‡≈– HMA æ∫«à“‡‡∫§∑’‡√’¬∑’Ë‡µ‘∫‚µ∫πÕ“À“√‡≈’È¬ß
‡™◊ÈÕ TSA+0% ‡°≈◊Õ (Figure 1) ¡’®”π«π‡™◊ÈÕ‡√‘Ë¡µâπ∑’Ë

Figure 1. Growth of bacteria isolated from fer-

menting Sufu on TSA added with 0%,

5% and 10% salt at 35ºC for 24 h. (P =

final product)

Figure 2. Growth of lactic acid bacteria isolated

from fermenting Sufu on MRSA added

with 0%, 5% and 10% salt at 35ºC for

24 h. (P = final product)
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·¬°®“°‚§®‘ (‡¥◊Õπ 0) ‡∑à“°—∫ 1.4×104 CFU/°√—¡ ‡‡≈–
‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥‡¡◊ËÕÀ¡—°‰ª‰¥â 4 ‡¥◊Õπ  ‚¥¬¡’®”π«π‡™◊ÈÕ
‡∑à“°—∫ 3.9×105 CFU/°√—¡  ®“°π—Èπ®”π«π‡™◊ÈÕ≈¥≈ß®π
∂÷ß ‘Èπ ÿ¥°“√À¡—°„π‡¥◊Õπ∑’Ë 9 ¡’®”π«π 6.8×103 CFU/

°√—¡ ‡‡≈–®–‡ÀÁπ‰¥â«à“®”π«π‡™◊ÈÕ≈¥πâÕ¬≈ß 9 ‡‡≈– 10 ‡∑à“
‡¡◊ËÕ‡æ“–‡≈’È¬ß„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡µ‘¡‡°≈◊Õ§«“¡‡¢â¡¢âπ
5% ‡‡≈– 10% µ“¡≈”¥—∫   à«πµ—«Õ¬à“ßº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È
 ”‡√Á®√Ÿª (P) æ∫«à“®”π«π‡‡∫§∑’‡√’¬≈¥≈ßª√–¡“≥ 26

‡∑à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫µ—«Õ¬à“ß‡µâ“ÀŸâ¬’ÈÕ“¬ÿ 9 ‡¥◊Õπ ∑—Èßπ’È
‡π◊ËÕß¡“®“°º≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª¡’¢—ÈπµÕπ°“√º≈‘µ
‚¥¬π”‡µâ“ÀŸâ¬’È®“°°“√À¡—°„ à¢«¥‡‡°â«‡‡≈â«„ àπÈ”µâ¡°“°
´÷Ëßª√–°Õ∫¥â«¬°“°‡µâ“ÀŸâ¬’È‡‡≈–πÈ”‡°≈◊Õ„πª√‘¡“≥‡∑à“°—π
®“°π—Èππ”‰ªµâ¡„Àâ‡¥◊Õ¥‡ªìπ‡«≈“ 10 π“∑’ ´÷Ëß‡ªìπ “‡Àµÿ
„Àâ‡‡∫§∑’‡√’¬¡’®”π«π≈¥≈ß‚¥¬¡’®”π«π‡™◊ÈÕ 2.6×102,

2.4×102 ‡‡≈– 1.3×102 CFU/°√—¡  ∑’Ë‡°≈◊Õ§«“¡‡¢â¡¢âπ
0%, 5% ‡‡≈– 10% µ“¡≈”¥—∫

 à«π‡‡∫§∑’‡√’¬·≈§µ‘°∑’Ë‡µ‘∫‚µ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ
MRSA (Figure 2)  æ∫«à“∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’‡°≈◊Õ
§«“¡‡¢â¡¢âπ 0%, 5% ‡‡≈– 10% ¡’‡‡∫§∑’‡√’¬‡√‘Ë¡µâπ 6.0×
104, 3.0×104 ·≈– 3.0×103 CFU/°√—¡ µ“¡≈”¥—∫ ·≈–

·∫§∑’‡√’¬≈¥≈ßª√–¡“≥ 10 ‡∑à“„π‡¥◊Õπ∑’Ë 2-3  ®“°π—Èπ
·∫§∑’‡√’¬·≈§µ‘°‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ®π¡’ª√‘¡“≥¡“°∑’Ë ÿ¥
‡∑à“°—∫ 4.0×105 CFU/°√—¡ „π‡¥◊Õπ∑’Ë 8 ∫πÕ“À“√‡≈’È¬ß
‡™◊ÈÕ∑’Ë¡’‡°≈◊Õ§«“¡‡¢â¡¢âπ 5% ‡‡≈– 10% ‡‡µà‰¡àæ∫‡™◊ÈÕ
‡‡∫§∑’‡√’¬‡‡≈§µ‘°®“°º≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª

‡™◊ÈÕ‡‡∫§∑’‡√’¬∑’Ë‡µ‘∫‚µ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ THIO

(Figure 3) „π ¿“«–∑’Ë‰¡à¡’ÕÕ°´‘‡®π ‡ªìπ facultative

anaerobe ‡‡≈–‰¡àæ∫‡™◊ÈÕ‡‡∫§∑’‡√’¬∑’Ë‡ªìπ anaerobe  à«π
®”π«π‡™◊ÈÕ∑’Ëæ∫¡“°∑’Ë ÿ¥„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’ÈÕ“¬ÿ 1-2 ‡¥◊Õπ
‡‡≈–®”π«π‡™◊ÈÕ≈¥≈ß‡¡◊ËÕ°“√À¡—°π“π¢÷Èπ

®“°°“√µ√«®π—∫‡™◊ÈÕ√“∑’Ë‡æ“–‡≈’È¬ß∫πÕ“À“√‡≈’È¬ß
‡™◊ÈÕ PDA (Figure 4) æ∫«à“¡’ª√‘¡“≥‡™◊ÈÕ√“‡√‘Ë¡µâπ∫π‚§®‘
(‡¥◊Õπ 0) ‡∑à“°—∫ 5.2×104 CFU/°√—¡ ∫πÕ“À“√∑’Ë¡’‡°≈◊Õ
0% ·≈–¡’ª√‘¡“≥¡“°∑’Ë ÿ¥ 3.9×105 CFU/°√—¡ ‡¡◊ËÕÀ¡—°
‰ª‰¥â 1 ‡¥◊Õπ ®“°π—Èπª√‘¡“≥‡™◊ÈÕ√“≈¥≈ß‡À≈◊Õ 2.4×101

CFU/°√—¡ „π‡¥◊Õπ∑’Ë 2 ¢Õß°“√À¡—° ·≈–‰¡àæ∫‡™◊ÈÕ√“À≈—ß
Õ“¬ÿ°“√À¡—° 2 ‡¥◊Õπ √«¡∑—Èßº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª
∑—Èßπ’ÈÕ“®‡ªìπ‡æ√“–‡™◊ÈÕ√“¡’°“√‡µ‘∫‚µ„π™à«ß 15 «—π·√°
¢Õß°“√‡µ√’¬¡‡µâ“ÀŸâ ·≈–¡’®”π«π≈¥≈ß®πµ√«®‰¡àæ∫‡¡◊ËÕ
π”‚§®‘¡“‡µ‘¡‡°≈◊Õ§«“¡‡¢â¡¢âπ 10% ≈ß„π°√–∫«π°“√

Figure 3. Growth of facultative anaerobic bac-

teria isolated from fermenting Sufu on

THIO added with 0%, 5% and 10%

salt at 35ºC for 24 h. (P = final product)

Figure 4. Growth of molds isolated from fer-

menting Sufu on PDA added with 0%,

5% and 10% salt at 30ºC for 1 week.

(P = final product)
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À¡—°  πÕ°®“°π’È‡™◊ÈÕ√“∑’Ë‡µ‘∫‚µ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡µ‘¡
‡°≈◊Õ¡’®”π«ππâÕ¬°«à“∫πÕ“À“√∑’Ë‰¡à‡µ‘∫‡°≈◊Õ∂÷ß 195 ‡∑à“
 à«π‡™◊ÈÕ¬’ µå∑’Ë‡µ‘∫‚µ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ PDA (Figure 5)

¡’ª√‘¡“≥‡™◊ÈÕ‡√‘Ë¡µâπ 7.6×105 CFU/°√—¡ ∫πÕ“À“√∑’Ë¡’
‡°≈◊Õ 0% ·≈–¬—ß§ß‡µ‘∫‚µ®π¡’ª√‘¡“≥¡“°∑’Ë ÿ¥ 8.0×105

CFU/°√—¡ „π‡¥◊Õπ∑’Ë 2  ®“°π—Èπ®”π«π‡™◊ÈÕ≈¥≈ß‡æ’¬ß
‡≈Á°πâÕ¬ ‡‡≈â«§àÕ¬Ê ‡æ‘Ë¡®”π«πÕ’°§√—Èß·≈–µ√«®æ∫¬’ µå
µ≈Õ¥°√–∫«π°“√À¡—°  à«π‡™◊ÈÕ·∫§∑’‡√’¬™Õ∫‡°≈◊Õ ‚¥¬
‡©æ“– extremely halophilic bacteria π—Èπµ√«®‰¡àæ∫
∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ HMA ´÷ËßÕ“®‡π◊ËÕß®“°ª√‘¡“≥‡°≈◊Õ
„π‡µâ“ÀŸâ¬’È¡’‡æ’¬ßª√–¡“≥ 10% ·≈– ¿“«–∑’Ë‡ªìπ°√¥ (pH

5.1-5.7) ́ ÷Ëß‰¡à‡À¡“– ¡µàÕ°“√‡µ‘∫‚µ¢Õß·∫§∑’‡√’¬¥—ß°≈à“«

°“√∫àß™’È®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È

‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È∑”‚¥¬
§—¥‡≈◊Õ°‡™◊ÈÕ∑’Ë¡’≈—°…≥–‚§‚≈π’∑’Ë‡À¡◊Õπ°—π ´÷Ëß¡’∑—ÈßÀ¡¥
20  “¬æ—π∏ÿå ®”‡‡π°‡ªìπ‡‡∫§∑’‡√’¬ 14  “¬æ—π∏ÿå (PS901-

PS914)  ‡™◊ÈÕ√“ 3  “¬æ—π∏ÿå (PS915-PS917)  ‡‡≈–‡™◊ÈÕ
¬’ µå 3  “¬æ—π∏ÿå (PS918-PS920)  º≈°“√∫àß™’È °ÿ≈¢Õß
®ÿ≈‘π∑√’¬å (Table 1 ·≈– 2)  æ∫«à“‡‡∫§∑’‡√’¬ “¬æ—π∏ÿå
PS901-PS912 ‡ªìπ‡‡∫§∑’‡√’¬ °ÿ≈ Bacillus ´÷Ëß “¡“√∂

µ√«®æ∫∑ÿ°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥°“√À¡—°  ‡‡∫§∑’‡√’¬ “¬
æ—π∏ÿå PS913 ‡ªìπ Staphylococcus µ√«®æ∫„πµ—«Õ¬à“ß
™à«ß 2 ‡¥◊Õπ‡‡√°   ‡‡≈–‡‡∫§∑’‡√’¬ “¬æ—π∏ÿå PS914 ‡ªìπ
Pediococcus ́ ÷Ëßµ√«®æ∫µ≈Õ¥°“√À¡—° ¬°‡«âπº≈‘µ¿—≥±å
‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª (P)    à«π‡™◊ÈÕ√“ µ√«®æ∫ 3  “¬æ—π∏ÿå
‡ªìπ °ÿ≈ Aspergillus PS915 ·≈– Rhizopus PS917

´÷Ëßµ√«®æ∫„π™à«ß 2 ‡¥◊Õπ·√°¢Õß°“√À¡—°      à«π
Penicillium PS916 µ√«®æ∫„π™à«ß‡¥◊Õπ·√°  à«π¬’ µå
µ√«®æ∫ 3  “¬æ—π∏ÿå ‰¥â·°à  °ÿ≈ Saccharomyces PS919

÷́Ëßµ√«®æ∫„π∑ÿ°µ—«Õ¬à“ßµ≈Õ¥°√–∫«π°“√À¡—°   à«π
¬’ µå °ÿ≈ Pichia  PS919 ·≈– Debaryomyces PS920

´÷Ëßµ√«®æ∫„πµ—«Õ¬à“ß™à«ß 1 ‡¥◊Õπ ‡‡≈– 5 ‡¥◊Õπ‡‡√°¢Õß
°“√À¡—° µ“¡≈”¥—∫

°“√‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°‡µâ“ÀŸâ¬’È∫πÕ“À“√

‡≈◊È¬ß‡™◊ÈÕ∑’Ë¡’‡°≈◊Õ§«“¡‡¢â¡¢âπµà“ßÊ °—π

®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È  æ∫«à“‡™◊ÈÕ
®ÿ≈‘π∑√’¬å∑ÿ° “¬æ—π∏ÿå (100%) ‡ªìπ®ÿ≈‘π∑√’¬å∑π‡°≈◊Õ
(halotolerant) (Table 2) ®”·π°‡ªìπ®ÿ≈‘π∑√’¬å∑π‡°≈◊Õ
§«“¡‡¢â¡¢âπ 5% ®”π«π 3  “¬æ—π∏ÿå (Bacillus PS901,

PS906 ‡‡≈– PS912) §‘¥‡ªìπ 15%, ®ÿ≈‘π∑√’¬å∑π‡°≈◊Õ

Figure 5. Growth of yeasts isolated from fermenting Sufu on PDA added with 0%, 5% and

10% saltl at 30ºC for 48 h. (P = final product)
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Table 1. Microorganisms isolated from fermenting Sufu.

       Fermentation time (months) *
         Strains

0 1 2 3 4 5 6 7 8 9 P

Bacillus + + + + + + + + + + +
Staphylococcus + + + - - - - - - - -
Pediococcus + + + + + + + + + + -
Anaerobic bacteria - - - - - - - - - - -
Halophilic bacteria - - - - - - - - - - -
Aspergillus + + + - - - - - - - -
Penicillium + + - - - - - - - - -
Rhizopus + + + - - - - - - - -
Saccharomyces + + + + + + + + + + +
Pichia + + - - - - - - - - -
Debaryomyces - + + + + + - - - - -

*   + =  detected,  -  =  not detected,  P =  final product

Table 2. Growth of microorganisms strains isolated from fermenting

Sufu on selective media added with different salt concentra-

tions.

     Growth on selective media added with salt*
              Strains

0% 5% 10% 15% 20%

Bacillus PS901 +++ ++ - - -
Bacillus PS902 +++ +++ ++ + -
Bacillus PS903 +++ +++ ++ + -
Bacillus PS904 +++ +++ + - -
Bacillus PS905 +++ ++ + - -
Bacillus PS906 ++ ++ - - -
Bacillus PS907 +++ ++ + - -
Bacillus PS908 +++ +++ ++ - -
Bacillus PS909 +++ +++ + - -
Bacillus PS910 +++ ++ + - -
Bacillus PS911 ++ +++ + - -
Bacillus PS912 +++ ++ - - -
Staphylococcus PS913 +++ +++ ++ + -
Pediococcus PS914 +++ ++ ++ - -
Aspergillus PS915 +++ ++ + - -
Penicillium PS916 +++ ++ + + -
Rhizopus  PS917 +++ ++ + + -
Saccharomyces PS918 +++ +++ +++ ++ +
Pichia PS919 +++ +++ ++ + -
Debaryomyces PS920 +++ +++ +++ ++ +

*  +, ++  and  +++ =  Degree of growth,   -  =  No growth
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§«“¡‡¢â¡¢âπ 10% ®”π«π 9  “¬æ—π∏ÿå (Bacillus PS904,

PS905,  PS907,  PS908,  PS909,  PS910,  PS911,

Pediococcus, Aspergillus) §‘¥‡ªìπ 45% ®ÿ≈‘π∑√’¬å∑π
‡°≈◊Õ§«“¡‡¢â¡¢âπ 15% ®”π«π 6  “¬æ—π∏ÿå (Bacillus

PS902  ·≈–  PS903,  Staphylococcus,  Penicillium,

Rhizopus ‡‡≈– Pichia) §‘¥‡ªìπ 30%    à«π®ÿ≈‘π∑√’¬å
∑π‡°≈◊Õ§«“¡‡¢â¡¢âπ  20%  ¡’®”π«π  2   “¬æ—π∏ÿå
(Saccharomyces ‡‡≈– Debaryomyces) §‘¥‡ªìπ 10%

°“√º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–‰¢¡—π  ¢Õß

®ÿ≈‘π∑√’¬å∑’Ë‡‡¬°‰¥â®“°‡µâ“ÀŸâ¬’È

°“√º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π  ‡‡ªÑß  ‡‡≈–‰¢¡—π  ‚¥¬
®ÿ≈‘π∑√’¬å °ÿ≈µà“ßÊ ∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È (Table 3)

æ∫«à“®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–
‰¢¡—π ‰¥â‡‡°à Bacillus  “¬æ—π∏ÿå  PS904, PS906, PS907,

PS908, PS909, PS910 ‡‡≈– PS911 ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂

Table 3. Hydrolysis of protein, starch and lipid by microorganisms

isolated from fermenting Sufu.

Degree  of  hydrolysis *
        Strains

Protease Amylase Lipase

Bacillus PS901 1.94 - 2.48
Bacillus PS902 2.40 - 1.34
Bacillus PS903 - 2.63 2.23
Bacillus PS904 1.09 1.10 1.91
Bacillus PS905 2.67 - 1.59
Bacillus PS906 2.76 1.35 3.38
Bacillus PS907 1.62 1.21 1.78
Bacillus PS908 2.01 1.29 2.14
Bacillus PS909 1.86 1.27 1.91
Bacillus PS910 2.17 1.24 2.92
Bacillus PS911 1.15 1.43 3.20
Bacillus PS912 2.87 - 1.38
Staphylococcus PS913 - - 1.80
Pediococcus PS914 - 1.49 -
Aspergillus PS915 1.82 1.66 -
Penicillium  PS916 1.29 1.90 -
Rhizopus PS917 - - 1.16
Saccharomyces PS918 - - 2.87
Pichia PS919 - - 2.52
Debaryomyces PS920 - - 1.43

* Degree of hydrolysis = diameter of clear zone (mm) / diameter of colony (mm)

º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π‡‡≈–‡‡ªÑß ‰¥â‡‡°à Aspergillus ‡‡≈–
Penicillium  ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π
‡‡≈–‰¢¡—π  ‰¥â‡‡°à  Bacillus   “¬æ—π∏ÿå  PS901,  PS902,

PS905 ‡‡≈– PS912  ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å
¬àÕ¬‡‡ªÑß ‡‡≈–‰¢¡—π ‰¥â‡‡°à Bacillus PS903  ®ÿ≈‘π∑√’¬å∑’Ë
 “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‡‡ªÑß‰¥âÕ¬à“ß‡¥’¬« ‰¥â‡‡°à
Pediococcus  ‡‡≈–®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬
‰¢¡—π‰¥âÕ¬à“ß‡¥’¬« ‰¥â‡‡°à Staphylococcus, Rhizopus,

Saccharomyces, Pichia ‡‡≈– Debaryomyces ®ÿ≈‘π∑√’¬å
∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π‰¥â¥’∑’Ë ÿ¥ ‰¥â‡‡°à Bacillus

PS912 ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‡‡ªÑß‰¥â¥’∑’Ë ÿ¥
‰¥â‡‡°à Bacillus PS903 ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å
¬àÕ¬‰¢¡—π‰¥â¥’∑’Ë ÿ¥ ‰¥â‡‡°à Bacillus PS906 ‡‡≈–®ÿ≈‘π∑√’¬å
∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π ‡‡ªÑß ‡‡≈–‰¢¡—π‰¥â¥’∑’Ë ÿ¥
‰¥â‡‡°à Bacillus  “¬æ—π∏ÿå PS906
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§ÿ≥¿“æ∑“ßÕ“À“√¢Õßµ—«Õ¬à“ß‡µâ“ÀŸâ¬’È

®“°°“√µ√«® Õ∫§ÿ≥¿“æ∑“ßÕ“À“√¢Õßµ—«Õ¬à“ß
‡µâ“ÀŸâ¬’È  ‚¥¬µ√«®À“ª√‘¡“≥‚ª√µ’π πÈ”µ“≈ ‰¢¡—π ‡°≈◊Õ
§«“¡™◊Èπ ‡∂â“ ‡ âπ„¬ §à“§«“¡‡ªìπ°√¥¥à“ß ‡‡≈–Õÿ≥À¿Ÿ¡‘
(Table 4) ª√“°Ø«à“ª√‘¡“≥§ÿ≥¿“æ∑“ßÕ“À“√‰¡à‡ª≈’Ë¬π
‡‡ª≈ß„π√–À«à“ß°“√À¡—° ‚¥¬¡’ª√‘¡“≥‚ª√µ’πÕ¬Ÿà√–À«à“ß
20.01-21.91%   ª√‘¡“≥πÈ”µ“≈Õ¬Ÿà√–À«à“ß  4.23-7.16%

ª√‘¡“≥‰¢¡—πÕ¬Ÿà√–À«à“ß 9.57-12.76%  ª√‘¡“≥‡°≈◊Õ

Õ¬Ÿà√–À«à“ß 10.13-11.26%   ª√‘¡“≥§«“¡™◊ÈπÕ¬Ÿà√–À«à“ß
47.55-51.35%  ª√‘¡“≥‡∂â“Õ¬Ÿà√–À«à“ß 12.43-15.63%

ª√‘¡“≥‡ âπ„¬Õ¬Ÿà√–À«à“ß 0.10-0.16%  §à“§«“¡‡ªìπ°√¥
¥à“ßÕ¬Ÿà√–À«à“ß 4.99-5.75   ‡‡≈–Õÿ≥À¿Ÿ¡‘Õ¬Ÿà√–À«à“ß 29-

31ºC    à«πº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª¡’ª√‘¡“≥‚ª√µ’π
16.09%, πÈ”µ“≈ 9.14%, ‰¢¡—π 7.20%, ‡°≈◊Õ 10.06%,

§«“¡™◊Èπ 57.97%, ‡∂â“ 9.24%, ‡ âπ„¬ 0.12% §à“§«“¡
‡ªìπ°√¥¥à“ß 4.99 ‡‡≈–Õÿ≥À¿Ÿ¡‘ 30ºC

Table 4. Properties of fermenting Sufu and the final product (P).

    Fermentation time (months)
    Properties

0 1 2 3 4 5 6 7 8 9 P

Protein (%) 20.01 21.07 21.72 21.61 21.57 21.78 21.71 20.40 21.91 21.12 16.09
Carbohydrate (%) 5.22 7.16 6.12 5.12 6.28 4.29 4.23 5.20 5.32 6.22 9.14
Lipid (%) 12.76 9.57 10.55 9.86 9.95 10.88 11.71 11.62 12.35 11.78 7.20
Salt (%) 10.13 10.89 10.92 11.18 11.02 11.13 11.03 11.17 11.24 11.26 10.06
Humidity (%) 47.68 49.47 47.55 50.44 50.47 50.57 50.11 51.35 47.88 48.35 57.97
Ash (%) 15.63 13.23 15.06 13.97 13.15 13.48 13.24 12.43 13.54 13.53 9.24
Fibre (%) 0.13 0.15 0.14 0.12 0.10 0.13 0.16 0.15 0.15 0.11 0.12
pH 5.21 5.11 5.10 5.48 5.33 5.40 5.41 5.75 5.54 5.11 4.99
Temperature (ºC)        29        30        30        32         30        30         31       30        30         31        30

Figure 6. Aflatoxin B1 in (A) fermenting Sufu  (P = final product) and (B) commercial Sufu

of 11 samples collected from supermarkets in Hat Yai.
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ª√‘¡“≥Õ–ø≈“∑Õ°´‘π B1 ∑’Ëµ√«®æ∫„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’È

®“°°“√µ√«® Õ∫À“ª√‘¡“≥ “√Õ–ø≈“∑Õ° ‘́π B1

„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥°“√º≈‘µ (Figure 6) æ∫«à“ ¡’
ª√‘¡“≥Õ–ø≈“∑Õ°´‘π‡√‘Ë¡µâπ„πµ—«Õ¬à“ß‡‡√°¢Õß°“√À¡—°
‡∑à“°—∫ 10.8 ppb ‡‡≈–§àÕ¬Ê ‡æ‘Ë¡¢÷Èπª√–¡“≥ 2 ‡∑à“ ‡¡◊ËÕ
À¡—°‰ª‰¥â 6 ‡¥◊Õπ ‡‡≈–¡’ª√‘¡“≥ Ÿß ÿ¥ 22.8 ppb „π‡¥◊Õπ
∑’Ë 9 ¢Õß°“√À¡—°   à«π„πº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª¡’
ª√‘¡“≥Õ–ø≈“∑Õ°´‘π 18.4 ppb  πÕ°®“°π’È¬—ß‰¥âµ√«®
À“ª√‘¡“≥Õ–ø≈“∑Õ°´‘π„π‡µâ“ÀŸâ¬’È ”‡√Á®√ŸªÕ’° 11 µ—«Õ¬à“ß
∑’Ë«“ß¢“¬„πµ≈“¥ ¥·≈–Àâ“ß √√æ ‘π§â“„π Õ.À“¥„À≠à
®. ß¢≈“ æ∫«à“¡’ª√‘¡“≥Õ–ø≈“∑Õ°´‘πÕ¬Ÿà√–À«à“ß 1.5-

15.2 ppb.

«‘®“√≥å

®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥∑’Ë‡‡¬°‰¥â®“°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È„π
°√–∫«π°“√À¡—° ‰¥â‡‡°à ·∫§∑’‡√’¬: Bacillus,  Staphylo-

coccus,  Pediococcus, ‡™◊ÈÕ√“: Aspergillus,  Penicillium,

Rhizopus,  ·≈–¬’ µå: Saccharomyces,  Pichia  ‡‡≈–
Debaryomyces ®ÿ≈‘π∑√’¬å∑’Ëµ√«®æ∫„π∑ÿ°µ—«Õ¬à“ß‡µâ“ÀŸâ¬’È
µ≈Õ¥°“√À¡—°§◊Õ  Bacillus,  Pediococcus  ‡‡≈–  Sac-

charomyces   à«π®ÿ≈‘π∑√’¬å “¬æ—π∏ÿåÕ◊Ëπµ√«®æ∫„π™à«ß
Õ“¬ÿ 1-2 ‡¥◊Õπ¢Õß°“√À¡—° ¬°‡«âπ Debaryomyces ´÷Ëß
µ√«®æ∫À≈—ß®“°À¡—°‰ª‰¥â  1  ‡¥◊Õπ  ‡‡≈–¬—ß§ß¡’Õ¬Ÿà∂÷ß  5
‡¥◊Õπ¢Õß°“√À¡—° ‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡À≈à“π’È¡“®“°«—µ∂ÿ¥‘∫∑’Ë∑”
‡ªìπÀ—«‡™◊ÈÕ‡√‘Ë¡µâπ∫π‚§®‘ ‰¥â·°à ‡µâ“ÀŸấ ÷Ëßµ√«®æ∫ Bacillus,

Aspergillus ‡‡≈– Rhizopus  ºâ“¢“«∑’Ë„™âªî¥∂“¥‡µâ“ÀŸâ
µ√«®æ∫ Bacillus, Aspergillus ‡‡≈– Penicillium ‡‡≈–
‡°≈◊Õ∑’Ë„™â µ√«®æ∫ Bacillus (‰¡à‰¥â· ¥ß¢âÕ¡Ÿ≈)   à«π
‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª æ∫‡‡µà  Bacillus ‡‡≈– Saccharomyces

´÷Ëß Õ¥§≈âÕß°—∫  ‘√‘æ√ (2540) ∑’Ë√“¬ß“π«à“®“°°“√ ÿà¡
‡°Á∫µ—«Õ¬à“ß‡µâ“ÀŸâ¬’ÈÕ¬à“ßÕ‘ √–¢Õß‚√ßß“π‡¥’¬«°—π  ‚¥¬
‡°Á∫®“°‚ÕàßÀ¡—°µà“ßÊ ∑’Ë¡’Õ“¬ÿµ—Èß‡‡µà 1-8 ‡¥◊Õπ æ∫‡™◊ÈÕ
®ÿ≈‘π∑√’¬å “¬æ—π∏ÿå Bacillus, Staphylococcus, Asper-

gillus, Penicillium, Syncephalastrum, Saccharomyces,

Pichia ‡‡≈– Debaryomyces ‡‡≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈
¢Õß ÿ«√√≥’ (2543) ∑’Ë√“¬ß“π«à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å®“°µ—«Õ¬à“ß
‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª∑’Ë´◊ÈÕµ“¡∑âÕßµ≈“¥ „π‡¢µ®—ßÀ«—¥ ß¢≈“

‡ªìπ‡™◊ÈÕ Bacillus ‡‡≈– Saccharomyces „π∑ÿ°µ—«Õ¬à“ß
‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª   ®ÿ≈‘π∑√’¬å∑—Èß Õß™π‘¥¬—ß§ß‡À≈◊Õ®“°
°√–∫«π°“√À¡—°  ‡‡¡â«à“¡’°“√µâ¡º≈‘µ¿—≥±å„π¢—ÈπµÕπ
 ÿ¥∑â“¬°àÕπ«“ß®”Àπà“¬  Õ¬à“ß‰√°Áµ“¡‡™◊ÈÕ√“∑’Ë·¬°‰¥â„π
°“√∑¥≈Õßπ’È·µ°µà“ß®“°√“¬ß“πÕ◊Ëπ∑’Ëµ√«®æ∫‡™◊ÈÕ√“
Actinomucor spp. (Wai, 1968; Chou et al., 1988)

·≈– Mucor spp. (Wai, 1968) πÕ°®“°π’È Han ·≈–§≥–
(2004) ‰¥âµ√«®æ∫·∫§∑’‡√’¬ Bacillus spp. „π°√–∫«π
°“√À¡—°‡µâ“ÀŸâ¬’È ·≈–∫àß™’È‡ªìπ “¬æ—π∏ÿå B. subtilis ·≈–
B. cereus  ‚¥¬¡’ª√‘¡“≥¢Õß  B. cereus  πâÕ¬°«à“  103

CFU/°√—¡  ÷́Ëß‰¡à‡°‘π°”Àπ¥¢ÕßÕß§å°“√Õ“À“√·≈–¬“
 À√—∞Õ‡¡√‘°“ (Food and Drug Administration, FDA)

∑’Ë‰¥â°”Àπ¥º≈‘µ¿—≥±åÕ“À“√‡ªìπæ‘…∑’Ë‡°‘¥®“°°“√ªπ‡ªóôÕπ
¢Õß  B. cereus  ¡’ª√‘¡“≥‡™◊ÈÕ¡“°°«à“  106  CFU/°√—¡
(http://www.cfsan.fda.gov/~ebam/bam-14.html, July

12, 2004)

®“°°“√«‘‡§√“–Àåª√‘¡“≥‡°≈◊Õ∑’Ë¡’„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’È
æ∫«à“¡’‡°≈◊Õ§«“¡‡¢â¡¢âπ 10.06%  ´÷Ëß§«“¡‡¢â¡¢âπ
¥—ß°≈à“«∑”„Àâ‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë∑π‡°≈◊Õ “¡“√∂‡µ‘∫‚µ‡‡≈–¬—ß
§ß¥”√ß™’«‘µÕ¬Ÿà‰¥â·≈–¬—ß™à«¬¬—∫¬—Èß°“√‡µ‘∫‚µ¢Õß·∫§∑’‡√’¬
°àÕ‚√§·≈–·∫§∑’‡√’¬∑’Ë∑”„Àâ‡°‘¥°“√‡πà“‡ ’¬ (Han et al.,

2001)  πÕ°®“°π’È Han ·≈–§≥– (2003) ¬—ßæ∫«à“°“√
À¡—°‡µâ“ÀŸâ¬’È·∫∫∏√√¡™“µ‘µâÕß„™â‡«≈“„π°“√À¡—°π“π°«à“
6 ‡¥◊Õπ ·≈–„ àª√‘¡“≥‡°≈◊Õ Ÿß∂÷ß 14% ·µà∂â“≈¥ª√‘¡“≥
‡°≈◊Õ„ÀâµË”°«à“À√◊Õ‡∑à“°—∫ 5% ®–∑”„Àâº≈º≈‘µ àß°≈‘Ëπ
·≈–‡πà“‡ ’¬ À≈—ß®“°À¡—°‰ª‰¥â 20 «—π ·≈–¡’ pH ≈¥≈ß
µË”°«à“ 4.6

‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë·¬°‰¥â®“°°√–∫«π°“√À¡—°‡µâ“ÀŸâ¬’È
‚¥¬‡©æ“– Bacillus spp. ∑’Ë¡’§«“¡ “¡“√∂„π°“√¬àÕ¬
‚ª√µ’π  ·ªÑß  ·≈–‰¢¡—π   √«¡∑—Èß  Aspergillus  ‡‡≈–
Penicillium ∑’Ë “¡“√∂º≈‘µ‡Õπ‰´¡å¬àÕ¬‚ª√µ’π‡‡≈–‡‡ªÑß
‰¥â¥’  πÕ°®“°π’È Rhizopus ·≈–¬’ µå  “¡“√∂¬àÕ¬‰¢¡—π
‰¥â¥’„π√–¬–·√°¢Õß°“√À¡—° ‡™◊ÈÕ¥—ß°≈à“«πà“®–¡’∫∑∫“∑
¢—Èπ‡‡√°„π°“√¬àÕ¬ —∫ ‡µ√∑ (‡µâ“ÀŸâ)  à«π Saccharomyces

·≈–¬’ µå “¬æ—π∏ÿåÕ◊Ëπ √«¡∑—Èß Pediococcus ´÷Ëß‡ªìπ
·∫§∑’‡√’¬·≈§µ‘° πà“®–¡’∫∑∫“∑„π°“√∑”„Àâ‡°‘¥°≈‘Ëπ‡‡≈–
√ ™“µ‘¢Õß‡µâ“ÀŸâ¬’È  ‡π◊ËÕß®“° “¡“√∂„Àâº≈º≈‘µ‡ªìπ
‡‡Õ≈°ÕŒÕ≈å·≈–°√¥Õ‘π∑√’¬å ÷́Ëß®“°°“√ ”√«®‡µâ“ÀŸâ¬’È
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 ”‡√Á®√Ÿª∑’Ë«“ß®”Àπà“¬„πª√–‡∑»®’π ®”π«π 23 µ—«Õ¬à“ß
‚¥¬ Han ·≈–§≥– (2001) æ∫«à“‡µâ“ÀŸâ¬’È¡’ª√‘¡“≥
·Õ≈°ÕŒÕ≈åÕ¬Ÿà√–À«à“ß 1.1-6.3% πÕ°®“°π’È¬—ß “¡“√∂
‡‡µàß°≈‘Ëπ‡‡≈–√ ¢Õßº≈‘µ¿—≥±å‚¥¬‡µ‘¡‡‡Õ≈°ÕŒÕ≈å„π
πÈ”‡°≈◊Õ ‡π◊ËÕß®“°‡‡Õ≈°ÕŒÕ≈å®–∑”ªØ‘°‘√‘¬“°—∫°√¥‰¢¡—π
‡°‘¥‡ªìπ‡Õ ‡µÕ√å∑’Ë¡’°≈‘ËπÀÕ¡·≈–¬—ß™à«¬¬—∫¬—Èß°“√‡µ‘∫‚µ
¢Õß®ÿ≈‘π∑√’¬åÕ◊ËπÊ Õ’°¥â«¬

°“√µ√«® Õ∫§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥
°“√º≈‘µ æ∫«à“„π√–À«à“ß°“√À¡—° ª√‘¡“≥‚ª√µ’π πÈ”µ“≈
‡‡≈–‰¢¡—π¡’§à“§àÕπ¢â“ß§ß∑’Ë   ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°‡™◊ÈÕ
®ÿ≈‘π∑√’¬å∑’Ë¡’Õ¬Ÿà„πº≈‘µ¿—≥±å‡ªìπ®ÿ≈‘π∑√’¬å∑π‡°≈◊Õ ®÷ß¡’°“√
‡µ‘∫‚µ‰¥âπâÕ¬≈ß‡¡◊ËÕª√‘¡“≥‡°≈◊Õ Ÿß¢÷Èπ πÕ°®“°π’Èª√‘¡“≥
Õ“À“√∑’Ë· ¥ß‡ªìπ§à“√«¡¢Õß‡µâ“ÀŸâ¬’È ‡‡≈–‡´≈≈å®ÿ≈‘π∑√’¬å∑’Ë
Õ¬Ÿà„πÕ“À“√ ‡‡µà‡¡◊ËÕ‡ªìπº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª ª√‘¡“≥
‚ª√µ’π‡‡≈–‰¢¡—π¡’§à“≈¥≈ß ´÷ËßÕ“®‡π◊ËÕß¡“®“°º≈‘µ¿—≥±å
‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª¡’°“√‡µ‘¡πÈ”µâ¡°“°‡µâ“ÀŸâ¬’È Õ’°ª√–°“√Àπ÷Ëß
ª√‘¡“≥‡°≈◊Õ¢Õßº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª®“°°“√∑¥≈Õß
π’È¡’ª√‘¡“≥  10.06%  ´÷Ëß Ÿß°«à“√“¬ß“π¢Õß  ª√–‡ √‘∞
(2527) ∑’Ë«à“ª√‘¡“≥‡°≈◊Õ„π‡µâ“ÀŸâ¬’È ¡’§à“ 6.72% ´÷Ëß∑”„Àâ
¡’º≈„π¥â“π√ ™“µ‘‚¥¬∑”„Àâº≈‘µ¿—≥±å¡’§«“¡‡§Á¡¡“°°«à“
ª√°µ‘  Õ¬à“ß‰√°Áµ“¡§ÿ≥§à“∑“ßÕ“À“√¢Õßº≈‘µ¿—≥±å‡µâ“ÀŸâ¬’È
 ”‡√Á®√Ÿª®“°°“√∑¥≈Õßπ’È¡’§à“ª√‘¡“≥‚ª√µ’π ‡‡≈–‰¢¡—π
¡“°°«à“‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª¬’ËÀâÕÕ◊ËπÊ (11 ¬’ËÀâÕ)  ´÷Ëß ”√«®
‚¥¬  ÿ«√√≥’ (2543) ‚¥¬æ∫«à“‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª¬’ËÀâÕÕ◊Ëπ¡’
ª√‘¡“≥‚ª√µ’πÕ¬Ÿà√–À«à“ß 9.9-13.3%  ª√‘¡“≥πÈ”µ“≈
4.0-20.7%  ª√‘¡“≥‰¢¡—π 2.4-7.2% ª√‘¡“≥‡°≈◊Õ 4.1-

16.2%  ª√‘¡“≥§«“¡™◊Èπ 52.0-72.8%  ª√‘¡“≥‡∂â“ 5.9-

18.8%  ‡‡≈–ª√‘¡“≥‡ âπ„¬ 0.1-0.6%  ‡‡≈–¡’§ÿ≥§à“∑“ß
Õ“À“√¡“°°«à“∑’Ë‰¥â‡§¬¡’√“¬ß“π¡“‡‡≈â«§◊Õ¡’ª√‘¡“≥‚ª√µ’π
10.04% ‰¢¡—π 3.51%  ‡°≈◊Õ 6.72% §«“¡™◊Èπ 70.36%

‡∂â“ 9.47%  ‡‡≈–‡ âπ„¬ 0.35%  (ª√–‡ √‘∞,  2527)

®“°°“√µ√«® Õ∫À“ª√‘¡“≥ “√æ‘…Õ–ø≈“∑Õ° ‘́π
„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’Èµ≈Õ¥°√–∫«π°“√À¡—°‚¥¬«‘∏’ Aflatoxin

B
1
 ELISA Test Kit ´÷Ëß‡ªìπ«‘∏’°“√∑’Ë‰«µàÕ°“√µ√«®À“

 “√æ‘…Õ–ø≈“∑Õ°´‘π„π√–¥—∫‰¡‚§√°√—¡ (1 ppb = 1 µg/l

À√◊Õ µg/kg) ‡‡µà«‘∏’°“√π’È “¡“√∂µ√«®À“Õ–ø≈“∑Õ°´‘π
‰¥â‡æ’¬ß™π‘¥‡¥’¬«§◊Õ ™π‘¥ B1 ‡π◊ËÕß®“° B1 ‡ªìπ “√æ‘…
Õ–ø≈“∑Õ°´‘π∑’Ëæ∫‰¥â∫àÕ¬‡‡≈–¡’√–¥—∫§«“¡‡ªìπæ‘…√ÿπ‡‡√ß

∑’Ë ÿ¥ ·≈–®“°°“√»÷°…“æ∫«à“ ‡µâ“ÀŸâ¬’È„π√–À«à“ß°“√À¡—°¡’
ª√‘¡“≥Õ–ø≈“∑Õ°´‘πÕ¬Ÿà„π™à«ß 10.8-22.8 ppb  ·µà‡¡◊ËÕ
∑”‡ªìπº≈‘µ¿—≥±å ”‡√Á®√Ÿª ¡’ª√‘¡“≥Õ–ø≈“∑Õ°´‘π‡À≈◊Õ
18.4 ppb  ·≈– Õ¥§≈âÕß°—∫°“√µ√«® Õ∫º≈‘µ¿—≥±å
‡µâ“ÀŸâ¬’È ”‡√Á®√Ÿª∑’Ë«“ß¢“¬∑—Ë«‰ª  æ∫«à“¡’ª√‘¡“≥ “√æ‘…
Õ–ø≈“∑Õ°´‘πÕ¬Ÿà√–À«à“ß 1.5-15.2 ppb ‡‡µàÕ¬à“ß‰√°Áµ“¡
ª√‘¡“≥Õ–ø≈“∑Õ°´‘π¥—ß°≈à“«¬—ß§ß‰¡à‡°‘π¡“µ√∞“π∑’Ë
FDA °”Àπ¥‰«â ‚¥¬ FDA °”Àπ¥„ÀâÕ“À“√‡‡≈–º≈‘µ¿—≥±å
∂—Ë«¡’Õ–ø≈“∑Õ°´‘π‰¥â‰¡à‡°‘π 20 ppb (http://www.fda.

gov/ora/compliance_ref/cpg/cpgfod/cpg570-375.

html, July 12, 2004)  °“√æ∫Õ–ø≈“∑Õ°´‘π„π‡µâ“ÀŸâ¬’È
Õ“®‡π◊ËÕß¡“®“°«—µ∂ÿ¥‘∫∑’Ë„™âº≈‘µ‡ªìπ∂—Ë«‡À≈◊Õß ÷́ËßÕ“®¡’°“√
ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ√“„π‡‡À≈àß∏√√¡™“µ‘‡‡≈–√–À«à“ß°“√‡°Á∫
πÕ°®“°π’ÈÕ–ø≈“∑Õ° ‘́π¬—ßÕ“®º≈‘µ®“°‡™◊ÈÕ√“∑’Ë‡ªìπ‡™◊ÈÕ
‡√‘Ë¡µâπ„π√–À«à“ß°“√À¡—°Õ’°¥â«¬

¥—ßπ—Èπº≈‘µ¿—≥±å∑’Ë¡’Õ–ø≈“∑Õ°´‘π ∂â“¡’°“√∫√‘‚¿§
Õ“À“√™π‘¥‡¥‘¡Õ¬Ÿà‡ ¡Õ®–‡°‘¥°“√ – ¡¢ÕßÕ–ø≈“∑Õ°´‘π
„π√à“ß°“¬ ‡‡≈–°àÕ„Àâ‡°‘¥‚√§¡–‡√Áßµ—∫ ªÕ¥ ‰µ ‡‡≈–≈”‰ â
„À≠à  ‚¥¬¡’µ—∫‡ªìπ¡’Õ«—¬«–‡ªÑ“À¡“¬∑’Ë‰«µàÕÕ–ø≈“∑Õ° ‘́π
‡‡µà‚¥¬ª√°µ‘‡‡≈â«ª√‘¡“≥µË”Ê ¢Õß “√æ‘…π’È √à“ß°“¬
 “¡“√∂°”®—¥ÕÕ°‰¥â ‡‡≈–§«√∫√‘‚¿§Õ“À“√„ÀâÀ≈“°À≈“¬
™π‘¥ ‰¡à§«√∫√‘‚¿§Õ“À“√™π‘¥‡¥’¬«°—π´È”Ê Õ¬à“ßµàÕ‡π◊ËÕß
(‡‡°â«, 2526) Õ“√—πµå (2528) ‰¥â√“¬ß“π«‘∏’≈¥ª√‘¡“≥
Õ–ø≈“∑Õ°´‘π„π∂—Ë«≈‘ ß ‚¥¬„ à “√≈–≈“¬‡°≈◊Õ„Àâ¡’§«“¡
‡¢â¡¢âπ 10% ‡‡≈â«π”‰ª∑”„Àâµâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 90ºC ‡ªìπ‡«≈“
30 π“∑’ æ∫«à“ “¡“√∂≈¥ª√‘¡“≥ “√æ‘…Õ–ø≈“∑Õ°´‘π
√–À«à“ß 80-85% ¥—ßπ—Èπ®÷ßÕ“®‡ªìπ‰ª‰¥â∑’Ëµ√«®æ∫ª√‘¡“≥
Õ–ø≈“∑Õ° ‘́π‰¥â„πª√‘¡“≥πâÕ¬„πµ—«Õ¬à“ß‡µâ“ÀŸâ¬’È∑’Ë¡’‡°≈◊Õ
§«“¡‡¢â¡¢âπ 10% ·≈–¬—ß§ßª≈Õ¥¿—¬µàÕºŸâ∫√‘‚¿§

¥—ßπ—Èπ°“√∑¥≈Õß§√—Èßπ’È ®÷ß∑”„Àâ‡¢â“„®°√–∫«π°“√
∑“ß®ÿ≈™’««‘∑¬“¢Õß°“√À¡—°‡µâ“ÀŸâ¬’È∑’Ë„™â®ÿ≈‘π∑√’¬å∑’Ë¡’Õ¬Ÿàµ“¡
·∫∫∏√√¡™“µ‘ √«¡∑—Èß§ÿ≥¿“æ∑“ßÕ“À“√¢Õßº≈‘µ¿—≥±å
¥—ß°≈à“«

‡Õ° “√Õâ“ßÕ‘ß

°≈ÿà¡ß“π«‘®—¬‚√§æ◊™º≈‘µº≈‡°…µ√  °Õß‚√§æ◊™‡‡≈–®ÿ≈™’««‘∑¬“.
2543.  §Ÿà¡◊Õ„™âß“π°“√µ√«® Õ∫Õ–ø≈“∑Õ°´‘π ∫’ 1.
°√¡«‘™“°“√‡°…µ√.  °√ÿß‡∑æœ: 1-7.
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