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ABSTRACT

Thua Nao, an indigenous fermented soybean of Thailand, is popularly consumed in
Northern Thailand. Similar to other fermented soybean foods, the production of Thua Nao
typically begins with the boiling of soybean seeds. The cooked soybeans are then naturally
fermented yielding the products with distinct characteristics (i.e, aromas and flavours). It has
been found that, during the fermentation, major groups of bacteria are Bacillus, which are
responsible for changes of physico-and biochemical qualities of the products. This present paper
aims to document up-to-date information of Thai thua nao including fermentation process,
microbes involved, and nutritive data.
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∂—Ë«‡πà“·≈–º≈‘µ¿—≥±å∂—Ë«À¡—°
∂—Ë«‡πà“‡ªìπ∂—Ë«‡À≈◊ÕßÀ¡—°æ◊Èπ‡¡◊Õß¢Õßª√–‡∑»‰∑¬ π‘¬¡∫√‘‚¿§„π‡¢µ¿“§‡Àπ◊Õ ‡™àπ ‡™’¬ß„À¡à

‡™’¬ß√“¬ ≈”æŸπ ≈”ª“ß ·æ√à ·≈–·¡àŒàÕß Õπ ‚¥¬„™â‡ªìπ‡§√◊ËÕßª√ÿß√ „πÕ“À“√æ◊Èπ‡¡◊Õß ‡™àπ ¢π¡®’π-
πÈ”‡ß’È¬« πÈ”æ√‘°ÕàÕß ‡ªìπµâπ ∂—Ë«‡À≈◊ÕßÀ¡—°‡ªìπÕ“À“√∑’Ë¡’§ÿ≥§à“∑“ß‚¿™π“°“√ Ÿß ª√–°Õ∫¥â«¬ ‚ª√µ’π
·≈– “√Õ“À“√Õ◊ËπÊ ∑’Ë‡ªìπª√–‚¬™πåµàÕ√à“ß°“¬ πÕ°®“°∂—Ë«‡πà“·≈â«¬—ßæ∫º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°„πÕ’°
À≈“¬ª√–‡∑»∑’Ë√Ÿâ®—°°—π¥’ ‰¥â·°à π—µ‚µ– (Natto) ¢Õßª√–‡∑»≠’ËªÿÉπ Dawadawa À√◊Õ Iru ¢Õßª√–‡∑»
‰π®’‡√’¬·≈–Õ’°À≈“¬ª√–‡∑»„π∑«’ª·Õø√‘°“ Kinema ¢Õßª√–‡∑»Õ‘π‡¥’¬·≈–‡πª“≈ ·≈– Chungkukjang
¢Õßª√–‡∑»‡°“À≈’ [1] (√Ÿª∑’Ë 1) º≈®“°°“√À¡—°∂—Ë«‡À≈◊Õß®–‰¥â “√‡Àπ’¬« ÷́Ëß‡ªìπæÕ≈‘°≈Ÿ∑“¡‘° (polyglutamic
acid, PGA) æÕ≈‘·´§§“‰√¥å (polysaccharide) ¡’°≈‘Ëπ©ÿπ¢Õß·Õ¡‚¡‡π’¬ ·≈–¡’√ ™“µ‘‡©æ“–

° ¢

§ ß

√Ÿª∑’Ë 1 º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—° °) ∂—Ë«‡πà“ ¥ ®“°Õ”‡¿Õ·¡à«“ß ®—ßÀ«—¥‡™’¬ß„À¡à; ¢) Natto [2];
§) Dawadawa [3]; ·≈– ß) Chungkukjang [4]
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°√√¡«‘∏’°“√º≈‘µ
«—µ∂ÿ¥‘∫ ”§—≠„π°“√º≈‘µ∂—Ë«À¡—° ‰¥â·°à ∂—Ë«‡À≈◊Õß πÈ” ·≈–®ÿ≈‘π∑√’¬å ‚¥¬∑—Ë«‰ª·≈â« °√√¡«‘∏’

°“√º≈‘µ∂—Ë«‡πà“·≈–∂—Ë«‡À≈◊ÕßÀ¡—°™π‘¥Õ◊ËπÊ ®–¡’§«“¡§≈â“¬§≈÷ß°—π °≈à“«§◊Õ „π¢—Èπµâπ®–π”∂—Ë«‡À≈◊Õß¡“
≈â“ß„Àâ –Õ“¥ ·≈–·™àπÈ”‰«âª√–¡“≥ 12 ™—Ë«‚¡ß ®“°π—Èππ”‰ªµâ¡‡ªìπ‡«≈“ 2-3 ™—Ë«‚¡ß ®π‡¡≈Á¥∂—Ë«π‘Ë¡
(·µà‰¡à‡≈–)  “¡“√∂∑¥ Õ∫‰¥â‚¥¬°“√„™âπ‘È«¡◊Õ∫’∫‡¡≈Á¥∂—Ë«„Àâ·µ°‰¥âßà“¬ π”‡¡≈Á¥∂—Ë«‡À≈◊Õß ÿ°¡“°√ÕßπÈ”ÕÕ°
º÷Ëß„Àâ‡¬Áπ ·≈–∫√√®ÿ≈ß„π¿“™π– (µ–°√â“ “π À√◊Õ™–≈Õ¡) ∑’Ë√Õß¥â«¬„∫µÕß –Õ“¥ ªî¥¥â«¬ºâ“¢“«∫“ß
·≈–À¡—°‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 2-3 «—π º≈‘µ¿—≥±å∑’Ë‰¥âÀ≈—ß°√–∫«π°“√À¡—°®–¡’°≈‘Ëπ  ’ ·≈–√ ™“µ‘
‡©æ“–µ—« ‚¥¬‡©æ“–°≈‘Ëπ®–√ÿπ·√ß §≈â“¬°—∫Õ“À“√∑’Ë‡πà“‡ ’¬ ·≈–‡ªìπ∑’Ë¡“¢Õß™◊ËÕº≈‘µ¿—≥±å °√–∫«π
°“√À¡—°∂—Ë«‡πà“‡°‘¥¢÷Èπ®“°®ÿ≈‘π∑√’¬å∑’Ë¡’Õ¬Ÿà„π∏√√¡™“µ‘ [5] „π¢≥–∑’Ë°“√º≈‘µ Natto ‡°‘¥¢÷Èπ®“°°“√„™â‡™◊ÈÕ
∫√‘ ÿ∑∏‘Ï¢Õß Bacillus subtilis  “¬æ—π∏ÿå natto [6]  ”À√—∫µ“√“ß∑’Ë 1 ‰¥â· ¥ß√“¬™◊ËÕº≈‘µ¿—≥±å∂—Ë«À¡—°
µ≈Õ¥®π°√–∫«π°“√º≈‘µ

µ“√“ß∑’Ë 1 º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°·≈–°√–∫«π°“√º≈‘µ

º≈‘µ¿—≥±å °√–∫«π°“√º≈‘µ ‡Õ° “√Õâ“ßÕ‘ß

∂—Ë«‡πà“ µâ¡‡¡≈Á¥∂—Ë«‡À≈◊Õß„Àâ‡ªóòÕ¬„™â‡«≈“ 2 - 3 ™—Ë«‚¡ß À¡—°„π [5]
¿“™π–∫√√®ÿ À√◊Õµ–°√â“√Õß¥â«¬„∫µÕßπ“π 2 - 3 §◊π

Natto ·™à‡¡≈Á¥∂—Ë«‡À≈◊Õß‡ªìπ‡«≈“ 12 - 20 ™—Ë«‚¡ß µâ¡„Àâ ÿ° [6]
®“°π—Èπº÷Ëß„Àâ‡¬Áπ·≈–„ à‡™◊ÈÕ B. subtilis (natto) §≈ÿ°„Àâ‡¢â“
°—π·≈–ÀàÕ¥â«¬°√–¥“…À√◊Õø“ß¢â“«∑’ËÕÿ≥À¿Ÿ¡‘ 40 - 43°C
‡ªìπ‡«≈“ 18 - 20 ™—Ë«‚¡ß

Kinema ·™à‡¡≈Á¥∂—Ë«‡À≈◊Õß‡ªìπ‡«≈“ 12 - 20 ™—Ë«‚¡ß µâ¡„Àâ ÿ° [7, 8]
ª√–¡“≥ 90 π“∑’ º÷Ëß„Àâ‡¬Áπ ·≈–À¡—°„π¿“™π–∑’Ëªî¥
º‘«Àπâ“¥â«¬„∫µÕß À¡—°∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 1 - 3 «—π

Chungkukjang ·™à‡¡≈Á¥∂—Ë«‡À≈◊Õß¢â“¡§◊π π÷Ëß¿“¬„µâ§«“¡¥—π 120°C π“π [9]
3.5 ™—Ë«‚¡ß ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘≈¥≈ß∂÷ß 40°C ÀàÕ¥â«¬ø“ß¢â“«
À¡—°„πµŸâ∫à¡Õÿ≥À¿Ÿ¡‘ 38°C π“π 3 «—π

Dawadawa ·™à‡¡≈Á¥∂—Ë«‡À≈◊Õß¢â“¡§◊π µâ¡„Àâ ÿ°π“π 2 ™—Ë«‚¡ß ·≈â«∑”„Àâ [10, 11]
‡¬Áπ À¡—°„π¿“™π–ªî¥º‘«Àπâ“¥â«¬„∫µÕß‡ªìπ‡«≈“ 3 «—π
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®ÿ≈‘π∑√’¬å∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√À¡—°∂—Ë«‡πà“
¥—ß∑’Ë‰¥â°≈à“«‰«â¢â“ßµâπ«à“ °“√º≈‘µ∂—Ë«‡πà“¬—ß‡ªìπ°“√À¡—°·∫∫¥—Èß‡¥‘¡ ‚¥¬„™â‡™◊ÈÕµ—Èßµâπ∑’Ë¡’Õ¬Ÿà·≈â«

„π∏√√¡™“µ‘ ®“°√“¬ß“π°“√«‘®—¬æ∫«à“®ÿ≈‘π∑√’¬å∑’Ë‡°’Ë¬«¢âÕß®–‡ªìπ·∫§∑’‡√’¬„π®’π—  Bacillus  ”À√—∫™π‘¥
¢Õß·∫§∑’‡√’¬„π®’π— π’È∑’Ë¡’√“¬ß“π«à“æ∫„π°√–∫«π°“√À¡—°∂—Ë«‡πà“ ‰¥â·°à B. subtilis,  B. licheniformis,
B. thermocatenulatus, B. pumilus ·≈– B. megaterium [5, 12, 13] ¡’√“¬ß“π¢Õß°“√æ∫‡™◊ÈÕ„π°≈ÿà¡
Õ◊Ëπ‡™àπ°—π Õ“∑‘ lactic acid bacteria ·≈–·∫§∑’‡√’¬„π°≈ÿà¡ cocci ∑’Ë¬—ß√–∫ÿ™π‘¥‰¡à‰¥â [5, 14]

‡™◊ÈÕ Bacillus spp. ¡’∫∑∫“∑ ”§—≠„π°√–∫«π°“√À¡—°∂—Ë«‡πà“ ‚¥¬®–º≈‘µ‡Õπ‰´¡å¡“„™â„π
°“√¬àÕ¬‚ª√µ’π„π∂—Ë«‡À≈◊Õß ·∫§∑’‡√’¬„π°≈ÿà¡ Bacillus ¡’§«“¡ “¡“√∂„π°“√º≈‘µ‡Õπ‰´¡å‰¥âÀ≈“¬™π‘¥
∑’Ë ”§—≠ §◊Õ ‡Õπ‰´¡å‚ª√µ‘‡Õ  (proteases) „π°√–∫«π°“√¬àÕ¬‚ª√µ’π®–‰¥â‡ªª‰∑¥å “¬ —ÈπÊ ·≈–°√¥
Õ–¡‘‚π πÕ°®“°π’È¬—ß∑”„Àâ‡°‘¥ “√ª√–°Õ∫‡Õ¡’πÕ‘ √–„π√Ÿª¢Õß‡°≈◊Õ·Õ¡‚¡‡π’¬¡¥â«¬ ·≈–‡ªìπ “‡Àµÿ
 ”§—≠∑’Ë∑”„Àâ§à“§«“¡‡ªìπ°√¥-¥à“ß (pH) ¢Õß∂—Ë«‡πà“¡’§à“ Ÿß¢÷Èπ (alkaline condition) [1]

Chantawannakul et al. [12] ‰¥â∑”°“√·¬°·≈–§—¥°√Õß‡™◊ÈÕ·∫§∑’‡√’¬®“°µ—«Õ¬à“ß∂—Ë«‡πà“∑’Ë
º≈‘µ„π¿“§‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬ §◊Õ ®—ßÀ«—¥‡™’¬ß„À¡à ‡™’¬ß√“¬ ≈”ª“ß ·æ√à æ–‡¬“ ·≈–·¡àŒàÕß Õπ
æ∫«à“‡™◊ÈÕ∑’Ë·¬°‰¥â∑—ÈßÀ¡¥‡ªìπ·∫§∑’‡√’¬„π°≈ÿà¡ Bacillus ·≈–‡¡◊ËÕπ”¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√ √â“ß
‡Õπ‰´¡å‚ª√µ‘‡Õ  “¡“√∂§—¥‡≈◊Õ°‰¥â·∫§∑’‡√’¬ B. subtilis  “¬æ—π∏ÿå 38 ∑’Ë¡’§«“¡ “¡“√∂„π°“√º≈‘µ
‡Õπ‰´¡å‰¥â¥’ πÕ°®“°π’Èß“π«‘®—¬¥—ß°≈à“«¬—ß‰¥â‡ πÕ·π«∑“ß°“√æ—≤π“°√–∫«π°“√À¡—°∂—Ë«‡πà“‚¥¬„™â‡™◊ÈÕ
∫√‘ ÿ∑∏‘Ï∑’Ë·¬°‰¥â

§ÿ≥§à“∑“ß‚¿™π“°“√
Proximate composition
°“√º≈‘µ‡Õπ‰´¡å¢Õß‡™◊ÈÕ·∫§∑’‡√’¬„π√–À«à“ß°“√À¡—°∂—Ë«‡πà“¡’∫∑∫“∑ ”§—≠„π°“√‡ª≈’Ë¬π·ª≈ß

§ÿ≥¿“æ∑“ß¥â“π°“¬¿“æ·≈–™’«‡§¡’¢Õßº≈‘µ¿—≥±å ¥—ßµ—«Õ¬à“ßß“π«‘®—¬¢Õß Campbell-Platt [15] æ∫«à“
95% ¢Õß‡™◊ÈÕ Bacillus spp. ∑’Ë·¬°‰¥â®“°µ—«Õ¬à“ß Dawadawa  “¡“√∂º≈‘µ‡Õπ‰´¡å„π°≈ÿà¡‚ª√µ‘‡Õ 
·≈–Õ–‰¡‡≈  ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß§ÿ≥§à“∑“ß‚¿™π“°“√¢Õßº≈‘µ¿—≥±å ·≈–¡’√“¬ß“π«‘®—¬∑’Ë»÷°…“
∂÷ß°‘®°√√¡¢Õß‡Õπ‰´¡å‚ª√µ‘‡Õ µàÕ°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥§à“∑“ß‚¿™π“°“√¢Õßº≈‘µ¿—≥±å∂—Ë«À¡—° ‡™àπ
Natto [16], Kinema [7] ·≈–∂—Ë«‡πà“ [12, 17] ‡Õπ‰´¡å‚ª√µ‘‡Õ ®–∑”Àπâ“∑’Ë¬àÕ¬‚ª√µ’π„π°√–∫«π°“√
À¡—°∂—Ë«‡À≈◊Õß ‰¥â “¬‡ªª‰∑¥å·≈–°√¥Õ–¡‘‚πÕ‘ √–ÕÕ°¡“ ∑”„Àâ‡°‘¥√ ™“µ‘‡©æ“–¢Õßº≈‘µ¿—≥±å πÕ°®“°
π’È·∫§∑’‡√’¬ “¡“√∂„™â°√¥Õ–¡‘‚π‡ªìπ·À≈àß§“√å∫Õπ·≈–·À≈àßæ≈—ßß“π„π°“√‡®√‘≠ ∑”„Àâ¡’°“√ – ¡¢Õß
·Õ¡‚¡‡π’¬∑”„Àâ§à“ pH  Ÿß¢÷Èπ [1, 18, 19] „π∫“ß ¿“«–∑’Ë§à“ pH ¡’§à“ Ÿß¡“°∂÷ß 8.0-8.3 ®–∑”„Àâ‡°‘¥°“√
√–‡À¬¢Õß·Õ¡‚¡‡π’¬ ∑”„Àâ¡’°≈‘Ëπ©ÿπ ´÷Ëß àßº≈µàÕ°“√¬Õ¡√—∫¢ÕßºŸâ∫√‘‚¿§∫“ß°≈ÿà¡ ¥—ßπ—Èπ ¡’ß“π«‘®—¬∑’Ë
æ¬“¬“¡»÷°…“∂÷ß°“√¬—∫¬—Èß°√–∫«π°“√‡°‘¥·Õ¡‚¡‡π’¬ (ammonogenesis) π’È ‚¥¬‡µ‘¡ “√∫“ßÕ¬à“ß ‡™àπ
glycerol ·≈– sodium chloride „π¢—ÈπµÕπ°“√À¡—°À√◊Õ°“√§«∫§ÿ¡ª√‘¡“≥¢Õß°ä“´∫“ß™π‘¥ „π¿“™π–∑’Ë
®”°—¥ª√‘¡“≥ÕÕ°´‘‡®π‰¥â [13, 20]  ”À√—∫º≈‘µ¿—≥±å Natto ¡’√“¬ß“π«à“ “¡“√∂§«∫§ÿ¡°“√‡°‘¥·Õ¡‚¡‡π’¬
‚¥¬„™âÕÿ≥À¿Ÿ¡‘µË”‡æ◊ËÕ¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬„π¢≥–∑’Ë‡Õπ‰´¡å¬àÕ¬‚ª√µ’π¬—ß§ß∑”ß“π‰¥â [18]
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°‘®°√√¡∑“ß™’«‡§¡’∑’Ë‡ª≈’Ë¬π·ª≈ß¡’º≈„Àâ√Ÿª·∫∫¢Õß proximate compositions ¢Õß
º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°·µà≈–™π‘¥¡’§«“¡·µ°µà“ß°—π µ“√“ß∑’Ë 2 ‰¥â √ÿª∂÷ß§à“ proximate compositions
¢Õßº≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°∑’Ë‡§¬¡’°“√√“¬ß“π Õ¬à“ß‰√°Áµ“¡ ¡’ªí®®—¬Õ◊Ëπ∑’Ë∑”„Àâ‡°‘¥§«“¡·µ°µà“ß¢Õß
¢âÕ¡Ÿ≈¥—ß°≈à“«¥â«¬ Õ“∑‘ æ—π∏ÿå¢Õß∂—Ë«‡À≈◊Õß·≈–°√√¡«‘∏’°“√º≈‘µ ‡ªìπµâπ

µ“√“ß∑’Ë 2 Proximate compositions ¢Õßº≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°∑’Ë‡°‘¥¢÷Èπ®“°‡™◊ÈÕ Bacillus spp.

Chemical Kinema Thua Nao Dawadawa Chungkukjang Natto
compositions [7] [21, 22] [10, 23] [24] [25]

Protein (%) 48 38.76 31.25 15.70 42.51

Fat (%) 17 16.97 19.90 9.0 21.11

Ash (%) 7 5.73 1.72 5.2 4.38

Carbohydrate (%) 28 26.38 22.86 16.1 30.80

Fiber (%) - 11.93 3.47 - -

Reducing sugar (%) - - - - 8.20

Ammonia (mg/100g) - - - - 240.49

Moisture (%) 62 - 59.40 54.00 59.30

pH 7.89 8.0 - 8.6 8.2 - 8.9 8.49 6.83

À¡“¬‡Àµÿ:  -, ‰¡à¡’√“¬ß“π¢Õß¢âÕ¡Ÿ≈

°√¥Õ–¡‘‚π
∂—Ë«‡À≈◊Õß¡’‚ª√µ’π Ÿß∂÷ß 40% ®—¥«à“‡ªìπ·À≈àß‚ª√µ’π∑’Ë¥’‰¡à·æâ‡π◊ÈÕ —µ«å ‚ª√µ’π„π∂—Ë«‡À≈◊Õß

ª√–°Õ∫‰ª¥â«¬ “√ª√–°Õ∫À≈“¬™π‘¥ ·≈–¡’ β-conglycinin ·≈– glycinin „π —¥ à«π 65 - 80% ¢Õß
‚ª√µ’π∑—ÈßÀ¡¥ [24]  ”À√—∫ª√‘¡“≥°√¥Õ–¡‘‚π„π∂—Ë«‡À≈◊Õß¡’√“¬ß“π¢Õß Gupta [25] «à“æ∫°√¥Õ–¡‘‚π
glutamic, aspartic, leucine, lysine, arginine, proline ·≈– serine „πª√‘¡“≥¡“°  à«π°√¥Õ–¡‘‚π
methionine ·≈– cysteine ¡’ª√‘¡“≥πâÕ¬¡“° ·≈–®—¥‡ªìπªí®®—¬®”°—¥‡¡◊ËÕæ‘®“√≥“∂÷ß§ÿ≥§à“∑“ß‚¿™π“°“√
 ”À√—∫º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°æ∫«à“®–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß™π‘¥·≈–ª√‘¡“≥¢Õß°√¥Õ–¡‘‚πÕ‘ √– ∑—Èßπ’È
‡π◊ËÕß¡“®“°°“√ √â“ß‡Õπ‰´¡å¬àÕ¬‚ª√µ’π¢Õß®ÿ≈‘π∑√’¬å [28] ®“°°“√»÷°…“æ∫«à“¡’ªí®®—¬ ”§—≠µà“ßÊ ‡™àπ
 “¬æ—π∏ÿå¢Õß∂—Ë«‡À≈◊Õß °√√¡«‘∏’°“√º≈‘µ  “¬æ—π∏ÿå¢Õß®ÿ≈‘π∑√’¬å √–¬–‡«≈“ ·≈– ¿“«–∑’Ë„™â„π°“√À¡—°∑’Ë¡’
º≈µàÕ™π‘¥·≈–ª√‘¡“≥¢Õß°√¥Õ–¡‘‚πÕ‘ √–¢Õßº≈‘µ¿—≥±å∂—Ë«À¡—°  ·≈– ¿“«–„π°“√∫à¡„π°√–∫«π°“√º≈‘µ
[24,28,29] ‡¡◊ËÕæ‘®“√≥“∂÷ß°“√‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“≥°√¥Õ–¡‘‚π√–À«à“ß∂—Ë«‡À≈◊Õß°àÕπ·≈–À≈—ß°“√À¡—°
æ∫«à“º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—° Kinema ®–¡’ª√‘¡“≥¢Õß°√¥Õ–¡‘‚π„π°≈ÿà¡ hydrophobic „π —¥ à«π
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∑’Ë Ÿß [28] πÕ°®“°π’È™π‘¥·≈–ª√‘¡“≥¢Õß°√¥Õ–¡‘‚π∑’Ë‡ª≈’Ë¬π‰ª¢Õßº≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°¬—ß¡’∫∑∫“∑
 ”§—≠µàÕ√ ™“µ‘∑’Ë‡ªìπ‡Õ°≈—°…≥å¢Õßº≈‘µ¿—≥±åπ—Èπ¥â«¬ ®“°√“¬ß“π°“√«‘®—¬æ∫«à“º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°
®–¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß°√¥Õ–¡‘‚π∑’Ë„Àâ√ ¢¡ (‡™àπ arginine, histidine, isoleucine, leucine ·≈– methionine
‡ªìπµâπ) Õ¬à“ß¡’π—¬ ”§—≠ µ“√“ß∑’Ë 3 ‰¥â√«∫√«¡¢âÕ¡Ÿ≈¢Õß™π‘¥·≈–ª√‘¡“≥¢Õß°√¥Õ–¡‘‚πÕ‘ √–∑’Ëæ∫„π
º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°·µà≈–™π‘¥

µ“√“ß∑’Ë 3 °√¥Õ–¡‘‚πÕ‘ √– (°√—¡ µàÕ °‘‚≈°√—¡ ¢ÕßπÈ”Àπ—°·Àâßº≈‘µ¿—≥±å) ¢Õßº≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°

Free amino Thua Nao Natto Kinema Chungkukjang Dawadawa
acids [30] [31] [28] [24] [29]

Alanine 2.03 0.66 4.73 0.40 0.12

Arginine 0.34 0.17 0.22 1.02 0.15

Aspartic acid 1.23 0.84 6.25 0.50 0.15

Cysteine 5.09 0 <0.01 0.51 0.03

Glutamic acid 4.75 4.12 21.06 4.58 0.12

Glycine 0.66 0.72 5.08 0.51 0.11

Histidine 1.06 1.70 4.25 1.07 0.07

Isoleucine 1.09 2.10 6.22 3.62 0.12

Leucine 3.50 4.56 9.50 7.73 0.22

Lysine 3.43 3.24 8.23 1.30 0.18

Methionine 0.46 1.24 3.15 1.43 0.03

Phenylalanine 3.43 5.26 11.82 5.74 0.14

Proline 0.56 0.30 3.54 0.12 0.15

Serine 0.23 0.44 3.24 1.49 0.15

Threonine 0.55 0.62 2.79 0.06 0.11

Tyrosine 2.19 3.77 4.86 1.88 0.09

Tryptophan 17.67 - <0.01 - 0.03

Valine 1.53 2.19 7.05 - 0.13

À¡“¬‡Àµÿ: -, ‰¡à¡’√“¬ß“π¢Õß¢âÕ¡Ÿ≈
¢âÕ¡Ÿ≈¢Õß∂—Ë«‡πà“‰¥â®“°º≈‘µ¿—≥±å∑’Ë¡“®“°Õ”‡¿Õ·¡à«“ß ®—ßÀ«—¥‡™’¬ß„À¡à
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 “√ª√–°Õ∫‰Õ‚´ø≈“‚«π (isoflavone compounds)
‰Õ‚´ø≈“‚«π‡ªìπ “√ª√–°Õ∫„π°≈ÿà¡ phenolic ‚¥¬Õ“®®–‡°‘¥®“°ªØ‘°‘√‘¬“√«¡µ—«°—π¢Õß “√

phenylpropane ·≈– malonyl coenzyme A ®”π«π 3 ‚¡‡≈°ÿ≈  “√„π°≈ÿà¡π’È®–æ∫¡“°„π∂—Ë«‡À≈◊Õß
·≈–º≈‘µ¿—≥±åÕ“À“√∑’Ë¡’∂—Ë«‡À≈◊Õß‡ªìπ à«πª√–°Õ∫  “√ª√–°Õ∫‰Õ‚´ø≈“‚«π¡’À≈“¬√Ÿª·∫∫ Õ“∑‘ °≈ÿà¡
aglycones (‡™àπ daidzein, genistein ·≈– glycitein), °≈ÿà¡ β-glucosides (‡™àπ daidzin, genistin ·≈–
glycitin), °≈ÿà¡ malonylglucosides (‡™àπ malonyldaidzin, malonylgenistin ·≈– malonylglycitin)
·≈–°≈ÿà¡ acetylglucosides (‡™àπ acetyldaidzin, acetylgenistin ·≈– acetylglycitin) (√Ÿª∑’Ë 2)

R1 R2 R3 Compounds

H H H daidzin
OH H H genistin
H OCH3 H glycitin
H H COCH3 acetyldaidzin
OH H COCH3 acetylgenistin
H OCH3 COCH3 acetylglycitin
H H COCH2COOH malonyldaidzin
OH H COCH2COOH malonylgenistin
H OCH3 COCH2COOH malonylglycitin

√Ÿª∑’Ë 2 ™π‘¥·≈–‚§√ß √â“ß¢Õß “√ª√–°Õ∫‰Õ‚´ø≈“‚«π∑’Ëæ∫„π∂—Ë«‡À≈◊Õß [32]

R4 R5 Compounds

H H daidzein
OH H genistein
H OCH3 glycitein
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 “√ª√–°Õ∫‰Õ‚´ø≈“‚«π¡’ ¡∫—µ‘∑“ß™’«¿“æ∑’Ë ”§—≠À≈“¬ª√–°“√ ‡™àπ ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√∑”ß“π
¢Õß “√°àÕ¡–‡√Áß [33, 34] ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß “√‰≈‚æ‚ª√µ’π (lipoprotein) [35, 36]
™à«¬√—°…“‚√§°√–¥Ÿ°æ√ÿπ [37] ™à«¬∫√√‡∑“·≈–≈¥ªí≠À“¢ÕßÕ“°“√«—¬∑Õß [38, 39] ªÑÕß°—π‚√§‡∫“À«“π
[40] ·≈–¡’ƒ∑∏‘Ï„π°“√µâ“π “√Õπÿ¡Ÿ≈Õ‘ √– [41-43] ®“°º≈ß“π«‘®—¬æ∫«à“™π‘¥·≈–ª√‘¡“≥¢Õß “√‰Õ‚´ø
≈“‚«π„πº≈‘µ¿—≥±å∂—Ë«‡À≈◊Õß·≈–∂—Ë«‡À≈◊ÕßÀ¡—°®–¢÷ÈπÕ¬Ÿà°—∫ “¬æ—π∏ÿå¢Õß∂—Ë« √–¬–‡«≈“„π°“√‡®√‘≠‡µ‘∫‚µ
ƒ¥Ÿ°“≈  ∂“π∑’Ë‡æ“–ª≈Ÿ° ‡«≈“„π°“√‡°Á∫√—°…“ µ≈Õ¥®π°√√¡«‘∏’„π°“√À¡—°∂—Ë« [44-47]  ‚¥¬∑—Ë«‰ªæ∫«à“
„π∂—Ë«‡À≈◊Õß¥‘∫®–¡’ª√‘¡“≥‰Õ‚´ø≈“‚«π°≈ÿà¡ malonylglucosides §àÕπ¢â“ß¡“° ·≈–‡¡◊ËÕπ”∂—Ë«‡À≈◊Õß¡“
ºà“π°√√¡«‘∏’µà“ßÊ ‰¡à«à“®–‡ªìπ °“√µâ¡ À√◊Õ°“√À¡—°¥â«¬‡™◊ÈÕ®ÿ≈‘π∑√’¬å ®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß
 “√‰Õ‚´ø≈“‚«π ®“°µ“√“ß∑’Ë 4 · ¥ß„Àâ‡ÀÁπ«à“ „πº≈‘µ¿—≥±å Natto ®–¡’ª√‘¡“≥ “√‰Õ‚´ø≈“‚«π„π°≈ÿà¡

µ“√“ß∑’Ë 4 ™π‘¥·≈–ª√‘¡“≥¢Õß “√‰Õ‚´ø≈“‚«π (¡‘≈≈‘°√—¡µàÕ°√—¡¢ÕßπÈ”Àπ—°·Àâß) ¢Õß∂—Ë«‡À≈◊Õß·≈–
∂—Ë«‡À≈◊ÕßÀ¡—°

Non-fermented soybean Fermented soybean
Isoflavones Soybean Steamed bean Thua Nao Natto Chungkukjang

[41] [41] [48] [49] [41]

Malonylglucosides

Malonyldaidzin 330 - - - 2.02

Malonylgenistin 680 - - - 2.36

Malonylglycitin 20 - - - 3.06

Acetylglucosides

Acetyldaidzin - - - - 0.66

Acetylgenistin 4.7 - - - -

Acetylglycitin - 2.14 - - 4.31

Glucosides

Daidzin 130 6.04 0.068 375 0.35

Genistin 150 3.90 0.084 765 0.23

Glycitin 11 1.76 0.191 138 -

Aglycones

Daidzein 3.4 0.77 0.195 786 21.59

Genistein 2.6 0.56 0.07 349 19.00

Glycitein - 1.97 0.032 11 3.99

À¡“¬‡Àµÿ: -, ‰¡à¡’√“¬ß“π¢Õß¢âÕ¡Ÿ≈
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¢Õß glucosides ·≈– aglycones „πª√‘¡“≥∑’Ë Ÿß °“√æ—≤π“°√√¡«‘∏’°“√À¡—°∂—Ë«‡À≈◊Õß‚¥¬„™â‡™◊ÈÕ
·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ïæ∫«à“ “¡“√∂‡æ‘Ë¡ª√‘¡“≥¢Õß “√„π°≈ÿà¡ aglycones ‰¥â ¥—ß√“¬ß“π«‘®—¬¢Õß Dajanta ·≈–
§≥– [48] ∑’Ë„™â‡™◊ÈÕ Bacillus subtilis TN51 „π°“√º≈‘µ∂—Ë«‡πà“

ƒ∑∏‘Ï„π°“√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
Kim ·≈–§≥– [39] √“¬ß“π«à“ ∂—Ë«‡À≈◊Õß “¬æ—π∏ÿåæ◊Èπ‡¡◊Õß¢Õßª√–‡∑»‡°“À≈’®”π«π 9 ™π‘¥

¡’ƒ∑∏‘Ïµâ“πÕπÿ¡Ÿ≈Õ‘ √–‚¥¬ ¡∫—µ‘¥—ß°≈à“«®–¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥¢Õß “√„π°≈ÿà¡ phenolic πÕ°®“°π’È
¬—ßæ∫«à“™π‘¥·≈–ª√‘¡“≥¢Õß “√„π°≈ÿà¡ phenolic ®–¡’º≈µàÕ§«“¡ “¡“√∂„π°“√‡ªìπ “√µâ“πÕπÿ¡Ÿ≈Õ‘ √–
‡™àπ  “√‰Õ‚´ø≈“‚«π„π°≈ÿà¡ glucosides ™π‘¥ genistin ®–¡’ ¡∫—µ‘‡ªìπ·Õπµ‘√“¥‘§Õ≈ (antiradical)
‰¥â¥’°«à“ glucosides Õ◊Ëπ πÕ°®“°π’È¡’√“¬ß“π«‘®—¬∂÷ßƒ∑∏‘Ï„π°“√µâ“πÕπÿ¡Ÿ≈Õ‘ √–¢Õß “√ °—¥®“°º≈‘µ¿—≥±å
∂—Ë«‡À≈◊ÕßÀ¡—°«à“πà“®–¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥¢Õß “√‰Õ‚´ø≈“‚«π„π°≈ÿà¡ aglycones ∑’Ë‡æ‘Ë¡¢÷Èπ [41-43, 50]
„πµ“√“ß∑’Ë 5 ‰¥â√«∫√«¡ß“π«‘®—¬∑’Ë‰¥â»÷°…“ƒ∑∏‘Ï„π°“√µâ“πÕπÿ¡Ÿ≈Õ‘ √–¢Õßº≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°

µ“√“ß∑’Ë 5 º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°·≈–ƒ∑∏‘Ï„π°“√µâ“πÕπÿ¡Ÿ≈Õ‘ √–

Products Fermented Solvent Antioxidants Antioxidant activity
microbes used

Thua Nao [51] Bacillus subtilis Methanol Total phenolics anti-DPPH radicals,  LDL
oxidation

Chungkukjang Bacillus species Ethanol Isoflavones and anti-DPPH radicals,  LDL
[52] other polyphenolic oxidation

compounds

Kinema [42] B. subtilis DK-W1 Methanol Total phenolics anti-DPPH radicals, metal
chelator, LPIA

Douchi [53] Aspergillus oryzae Aqueous Peptides, 50% inhibition of DPPH
isoflavones

À¡“¬‡Àµÿ: LDL À¡“¬∂÷ß low density lipoprotein; LPIA À¡“¬∂÷ß lipid peroxidation inhibition
activity
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ƒ∑∏‘Ï„π°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å°àÕ‚√§
·∫§∑’‡√’¬„π®’π—  Bacillus ¡’§«“¡ “¡“√∂„π°“√º≈‘µ “√ metabolites ∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√

‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å ®“°°“√»÷°…“æ∫«à“‡™◊ÈÕ Bacillus ∑’Ë·¬°‰¥â®“°º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—° “¡“√∂ √â“ß
 “√ªØ‘™’«π–À√◊Õ·∫§∑’√‘‚Õ´‘π [54,55]  ”À√—∫º≈‘µ¿—≥±å∂—Ë«‡πà“¡’√“¬ß“π«à“ ‡™◊ÈÕ Bacillus TN79 ∑’Ë·¬°
‰¥â®“°∂—Ë«‡πà“ “¡“√∂¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ√“°àÕ‚√§ Lasiodiplodia theobromae ‰¥â [56] „π¢≥–∑’Ë¡’
ß“π«‘®—¬¢Õß Dajanta [57] ∑’Ë√“¬ß“π«à“ “√ °—¥®“°∂—Ë«‡πà“¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ°àÕ‚√§ Bacillus
cereus πÕ°®“°π’È Yun [58] æ∫«à“ “√ °—¥®“°∂—Ë«‡À≈◊ÕßÀ¡—° Doenjang ¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß
·∫§∑’‡√’¬°àÕ‚√§∫“ß™π‘¥

°“√æ—≤π“º≈‘µ¿—≥±å∂—Ë«‡πà“
„πªí®®ÿ∫—π°√√¡«‘∏’°“√º≈‘µ∂—Ë«‡πà“¬—ß‡ªìπ·∫∫¥—Èß‡¥‘¡ ´÷Ëß®–‡πâπ°“√º≈‘µ„π√–¥—∫§√—«‡√◊Õπ ∑”„Àâ

§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å‰¡à ¡Ë”‡ ¡Õ ¡’°≈‘Ëπ©ÿπ¢Õß·Õ¡‚¡‡π’¬ ·≈–∑’Ë ”§—≠¡’§«“¡‡ ’Ë¬ß ŸßµàÕ°“√ªπ‡ªóôÕπ
¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å„πº≈‘µ¿—≥±å ¥—ß√“¬ß“π¢Õß Leejeerajumnean [13] ∑’Ëµ√«®æ∫‡™◊ÈÕ B. cereus „π
º≈‘µ¿—≥±å À√◊Õ°“√µ√«®æ∫‡™◊ÈÕ∑’Ë∑”„Àâ‡°‘¥°“√‡πà“‡ ’¬„πÕ“À“√∑’Ë ”§—≠À≈“¬™π‘¥„πº≈‘µ¿—≥±å∂—Ë«À¡—°
Dawadawa [59] ·≈– Kinema [60] ‡™àπ B. cereus, Staphylococcus saprophyticus, S. epidermidis,
Micrococcus luteus, Pseudomonas aeruginosa, Enterobacteriaceae, Coliforms ·≈– Escherichia coli

°“√æ—≤π“º≈‘µ¿—≥±å∂—Ë«À¡—°‚¥¬„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï‡ªìπ«‘∏’Àπ÷Ëß∑’Ëπà“ π„® ‡π◊ËÕß®“°‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï∑’Ë
π”¡“„™â‰¥â√—∫°“√§—¥°√Õß ¡∫—µ‘µ“¡∑’ËµâÕß°“√ ‡™àπ ¡’§«“¡ “¡“√∂„π°“√º≈‘µ‡Õπ‰´¡å‚ª√µ‘‡Õ  À√◊Õ
 “¡“√∂º≈‘µ«‘µ“¡‘π∫’ 12 ‰¥â ‡ªìπµâπ °“√„™â‡™◊ÈÕµ—Èßµâπ∫√‘ ÿ∑∏‘Ï®–™à«¬≈¥ªí≠À“∑’Ë‡°‘¥®“°°“√ªπ‡ªóôÕπ
πÕ°®“°π’È°“√§«∫§ÿ¡ ¿“«–„π°“√À¡—°°Á “¡“√∂∑”‰¥â‚¥¬ –¥«° µ—«Õ¬à“ß∑’Ë‰¥â√—∫°“√æ—≤π“·≈–π”¡“„™â
„π‡™‘ßæ“≥‘™¬å ‰¥â·°à °“√º≈‘µ∂—Ë«À¡—° Natto ¢Õßª√–‡∑»≠’ËªÿÉπ∑’Ë¡’°“√„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï B. subtilis
 “¬æ—π∏ÿå natto [61] πÕ°®“°π’È °“√æ—≤π“º≈‘µ¿—≥±å∂—Ë«À¡—°‚¥¬„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï æ∫«à“ “¡“√∂‡æ‘Ë¡§ÿ≥§à“
∑“ß‚¿™π“°“√¢Õßº≈‘µ¿—≥±å„Àâ¥’¢÷Èπ ‡™àπ °“√‡æ‘Ë¡ª√‘¡“≥¢Õß°√¥Õ–¡‘‚πÕ‘ √–·≈– “√‰Õ‚´ø≈“‚«π À√◊Õ
 ¡∫—µ‘„π°“√µâ“πÕπÿ¡Ÿ≈Õ‘ √–·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡™◊ÈÕ°àÕ‚√§ ¥—ß‰¥â°≈à“«¡“¢â“ßµâπ

 ”À√—∫∂—Ë«‡πà“ ®“°°“√µ√«® Õ∫æ∫«à“¬—ß¡’°“√»÷°…“·≈–ß“π«‘®—¬∑’Ë§àÕπ¢â“ß®”°—¥ Õ¬à“ß‰√°Áµ“¡
¡’§«“¡æ¬“¬“¡∑’Ë®–„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï„π°“√º≈‘µ∂—Ë«‡πà“‡™àπ°—π ¥—ß√“¬ß“π«‘®—¬¢Õß Chantawannakul ·≈–
§≥– [12] ·≈– Visessanguan ·≈–§≥– [62] ÷́Ëß®“°°“√»÷°…“æ∫«à“°“√„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï¡’º≈„Àâ
°√–∫«π°“√À¡—°‡°‘¥‰¥â‡√Á«¢÷Èπ πÕ°®“°π’È °“√„™â‡™◊ÈÕº ¡¢Õß Bacillus sp. B4 ·≈– Klebsiella sp. KB2
„π°“√º≈‘µ∂—Ë«‡πà“∑”„Àâº≈‘µ¿—≥±å∑’Ë‰¥â¡’ª√‘¡“≥«‘µ“¡‘π∫’ 12  Ÿß¢÷Èπ [63]
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 √ÿª
∂—Ë«‡πà“‡ªìπº≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°ª√–‡¿∑Àπ÷Ëß∑’Ëπ‘¬¡∫√‘‚¿§„π‡¢µ¿“§‡Àπ◊Õ¢Õßª√–‡∑»‰∑¬

°√√¡«‘∏’°“√º≈‘µ¬—ß§ß®”°—¥Õ¬Ÿà„π√–¥—∫§√—«‡√◊Õπ ‚¥¬∑—Ë«‰ª·≈â«º≈‘µ¿—≥±å∂—Ë«‡À≈◊ÕßÀ¡—°‰¥â√—∫°“√¬Õ¡√—∫«à“
‡ªìπÕ“À“√∑’Ë¡’§ÿ≥§à“∑“ß‚¿™π“°“√ Ÿß ‡ªìπ·À≈àß¢Õß‚ª√µ’π∑’ËÕÿ¥¡‰ª¥â«¬°√¥Õ–¡‘‚π∑’Ë ”§—≠À≈“¬™π‘¥
µ≈Õ¥®π ¡∫—µ‘∑’Ë‡ªìπª√–‚¬™πå„π¥â“πµà“ßÊ ‡™àπ  ¡∫—µ‘„π°“√µâ“πÕπÿ¡Ÿ≈Õ‘ √– ‡ªìπµâπ °“√æ—≤π“·≈–
ª√—∫ª√ÿß°√√¡«‘∏’°“√À¡—°∂—Ë«‡À≈◊Õß‚¥¬„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï‡ªìπ«‘∏’∑’Ëπà“ π„®·≈–¡’»—°¬¿“æ„π°“√‡æ‘Ë¡§ÿ≥§à“¢Õß
º≈‘µ¿—≥±å πÕ°®“°π’È °“√§«∫§ÿ¡ ¿“«–„π°“√À¡—°π—∫«à“¡’∫∑∫“∑∑’Ë ”§—≠‡™àπ°—π ”À√—∫°“√æ—≤π“
§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å

‡Õ° “√Õâ“ßÕ‘ß
1. Steinkraus, K. H. 1996. Handbook of Indigenous Fermented Foods. 2nd Edition. New York,

Marcel Dekker.
2. Natto. Available from URL: http://giacomobutte.wordpress.com/category/food. 17 September

2010.
3. Dawadawa. Available from URL: http://eduanepa.com/soya-dawadawa.html. 17 September

2010.
4. Chungkukjang. Available from URL: http://www.tradekorea.com/product-detail/P00095875/

Chunggukjang.html#. 17 September 2010.
5. Chukeatirote, E., Chainun, C., Siengsubchart, A., Moukamnerd, C., Chantawannakul,

P., Lumyong, S., Boontim, N., and Thakang, P. 2006. Microbiological and Biochemical
Changes in Thua Nao Fermentation.Research Journal of Microbiology 1: 38-44.

6. Kiuchi, K., and Watanabe, S. 2004. Industrialization of Japanese Natto. In: Industrialization
of Indigenous Fermented Foods, Steinkraus, K. H., Editor. New York. Marcel Dekker.

7. Sarkar, P. K., Tamang, J. P., Cook, P. E., and Owens, J. D. 1994. Kinema-a Traditional
Soybean Fermented Food: Proximate Composition and Microflora. Food Microbiology 11:
47-55.

8. Sarkar, P. K., and Tamang, J. P. 1995. Changes in the Microbial Profile and Proximate
Composition During Natural and Controlled Fermentation of Soybeans to Produce Kinema.
Food Microbiology 12: 317-325.

9. Kwak, C. S., Lee, M. S., and Park, S. C. 2007. Higher Antioxidant Properties of Chungkukjang,
a Fermented Soybean Paste, may be due to Increased Aglycone and Malonylglycoside
Isoflavone During Fermentation. Nutrition Research 27: 719-727.

10. Omafuvbe, B. O., Shonukan, O. O., and Abiose, S. H. 2000. Microbiological and Biochemical
Changes in the Traditional Fermentation of Soybean for Soydaddawa-Nigerian Food
Condiment. Food Microbiology 17: 465-474.



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 27 ©∫—∫∑’Ë 1 (2554) 209

11. Omafuvbe, B. O., Abiose, S. H., and Shonukan, O. O. 2002. Fermentation of Soybean
(Glycine max) for Soy-daddawa Production by Starter Cultures of Bacillus. Food
Microbiology 19: 561-566.

12. Chantawannakul, P., Oncharoan, A., Klanbut, K., Chukeatirote, E., and Lumyong, S. 2002.
Characterization of Protease of Bacillus subtilis Strain 38 Isolated from Traditionally
Fermented Soybean in Northern Thailand. Science Asia 28: 241-245.

13. Leejeerajumnean, A. 2003. Thua Nao: Alkali Fermented Soybean from Bacillus subtilis.
Silpakorn University International Journal 3: 277-292.

14. Boontim, N., Lumyong, S., and Moriguchi, M. 2003. Characterization of Thai Fermented
Foods by Organic Acid Contents. ScienceAsia 29: 301-306.

15. Campbell-Platt, G. 1980. African Locust Bean (Parkia Species) and its West African
Fermented Food Product, Dawadawa. Ecology of Food Nutrition 9: 123-132.

16. Sakurai, Y. 1960. Report of the Researches on the Production of High-protein Food from
Fermented Soybean Products. Tokyo. Food Research Institute, Ministry of Agriculture and
Forestry.

17. Visessanguan, W., Benjakul, S., Potachareon, W., Panya, A., and Riebroy, S. 2005.
Accelerated Proteolysis of Soy Proteins During Fermentation of Thua-Nao Inoculated
with Bacillus subtilis. Journal of Food Biochemistry 29: 349-366.

18. Ohta, T. 1986. Natto. In Reddy, N. R., Pierson, M. D., Merle, D., and Salunkhe, D. K.,
Editors. Legume-Based Fermentated Foods. Boca Raton. CRC Press. p. 85-93.

19. Sarkar, P. K., Cook, P. E., and Owens, J. D. 1993. Bacillus Fermentation of Soybeans.
World Journal of Microbiology and Biotechnology 9: 295 299.

20. Allagheny, N., Obanu, Z.A., Campbell-Platt, G., and Owens, J.D. 1996. Control of
Ammonia Formation During Bacillus subtilis Fermentation of Legumes. International
Journal of Food Microbiology 29: 321-333.

21. Sundhagul, M., Smanmathuroj, P., and Bhodacharoen, W. 1972. Thua-Nao: a Fermented
Soybean Food of Northern Thailand. I. Traditional Processing Method. Thai Journal of
Agricultural Science 5: 43-56.

22. Chukeatirote, E., and Thakang, P. 2006. Chemical Composition of Thua Nao-a Fermented
Soybean Food of Northern Thailand. Chiang Mai Journal of Science 33: 243-245.

23. Jeff-Agboola, Y. A., and Oguntuase, O. S. 2006. Effect of Bacillus sphaericus on
Proximate Composition of Soybean (Glycine max) for the Production of Soy Iru. Pakistan
Journal of Nutrition 5: 606-607.

24. Lee, M. Y., Park, S. Y., Jung, K. O., Park, K. Y., and Kim, S. D. 2005. Quality and
Functional Characteristics of Chungkukjang Prepared with Various Bacillus sp. Isolated



SWU Sci. J. Vol. 27 No. 1 (2011)210

from Traditional Chungkukjang. Journal of Food Science 70: M191-M196.
25. Wei, Q., and Chang, S. K. C. 2004. Characteristics of Fermented Natto Products as Affected

by SoybeanCultivars. Journal of Food Processing and Preservation 28: 251-273.
26. Nielsen, N. C. 1985. Structure of Soy Proteins. In: Altschul, A. M., and Wilcke, H. L.,

Editors. New Protein Foods, Vol. 5. Orlando. Academic Press. p. 27-64.
27. Gupta, Y. P. 1983. Nutritive Value of Food Legumes. In: Arora, S. K., Editor, Chemistry

and Biochemistry of Legumes. London. Edward Arnold Publishers. p. 287-327.
28. Sarkar, P. K., Jones, L. J., Craven, G. S., Somerset, S. M., and Palmer, C. 1997. Amino

Acid Profiles of Kinema, a Soybean-fermented Food. Food Chemistry 59: 69-75.
29. Dakwa, S., Sakyi-Dawson, E., Diako, C., Annan, N. T., and Amoa-Awua, W. K. 2005.

Effect of Boiling and Roasting on the Rermentation of Soybeans into dawadawa
(Soy-dawadawa). International Journal of Food Microbiology 104: 69-82.

30. Dajanta, K., Chukeatirote, E., and Apichartsrangkoon, A. 2010. Analysis and Characterisation
of Amino Acid Contents of Thua Nao, a Traditionally Fermented Soybean Food of
Northern Thailand. International Food Research Journal (In Press).

31. Nikkuni, S., Karki, T. B., Vilkhu, K. S., Suzuki, T., Shindoh, K., Suzuki, C., and Okada, N.
1995. Mineral in Nepal and Amino Acid Contents of Kinema, a Fermented Soybean
Food Prepared in Nepal. Food Science and Technology International 1: 107-111.

32. Liu, K. 2004. Soy Isoflavones: Chemistry, Processing Effects, Health Benefits, and
Commercial Production. In: Liu, K. (Editor), Soybeans as Functional Foods and Ingredients,
Champaign, IL. AOCS Press. p. 51-72.

33. Peterson, T. G., Ji, G. P., Kirk, M., Coward, L., Falany, C. N., and Barnes, S. 1998.
Metabolism of the Isoflavones Genistein and Dichanin A in Human Breast Cancer Cell
Lines. The American Journal of Clinical Nutrition 68: 1505S-1511S.

34. Jung, K. O., Park, S. Y., and Park, K. Y. 2006. Basic Nutritional Investigation: Longer
Aging Time Increases the Anticancer and Antimetastatic Properties of Doenjang. Nutrition
22: 539-545.

35. Potter, S. M., Baum, J. A., Teng, H., Stillman, R. J., Shay, N. F., and Erdman, J. W. Jr.
1998. Soy Protein and Isoflavones: Their Effects on Blood Lipids and Bone Density in
Postmenopausal Women. The American Journal of Clinical Nutrition 68: 1375S-1379S.

36. Park, K. Y., Jung, K. O., Rhee, S. H., and Choi, Y. H. 2003. Antimutagenic Effects of
Doenjang (Korean Fermented Soypaste) and its Active Compounds. Mutation Research/
Fundamental and Molecular Mechanisms of Mutagenesis 523-524: 43-53.

37. Ishimi, Y., Yoshida, M., Wakimoto, S., Wu, J., Chiba, H., Wang, X., Takeda, K., and
Miyaura, C. 2002. Genistein, a Soybean Isoflavone, Affects Bone Marrow Lymphopoiesis



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 27 ©∫—∫∑’Ë 1 (2554) 211

and Prevents Bone Loss in Castrated Male Mice. Bone 31: 180-185.
38. Eden, J. 1998. Phytoestrogens and the Menopause. Balliereûs Clinical Endocrinology and

Metabolism 12: 581-587.
39. Kim, S. L., Chi, H. Y., Kim, J. T., Lee, Y. H., Park, N. K., Son, J. R., and Kim, S. J. 2006.

Isoflavone Content and its Relationship with other Seed Quality Traits of Soybean Cultivars
Collected in South Korea. Korean Journal of Crop Science 51: 81-88.

40. Liu, D., Zhen, W., Yang, Z., Carter, J. D., Si, H., and Reynolds, K. A. 2006. Genistein
Acutely Stimulates Insulin Secretion in Pancreatic Cells Through a cAMP-dependent Protein
Kinase Pathway. Diabetes 55: 1043-1050.

41. Kwak, C. S., Lee, M. S., and Park, S. C. 2007. Higher Antioxidant Properties of Chungkukjang,
a Fermented Soybean Paste, may be due to Increased Aglycone and Malonylglycoside
Isoflavone During Fermentation. Nutrition Research 27: 719-727.

42. Moktan, B., Saha, J., and Sarkar, K. 2008. Antioxidant Activities of Soybean as Affected by
Bacillus-fermentation of Kinema. Food Research International 41: 586-593.

43. Georgetti, S. R., Vicentini, F. T. M. C., Yokoyama, C. Y., Borin, M. F., and Spadaro, A. C.
C. 2009. Enhanced in vitro and in vivo Antioxidant Activity and Mobilization of Free
Phenolic Compounds of Soybean Flour Fermented with Different Glucosidase-producing
Fungi. Journal of Applied Microbiology 106: 459-466.

44. Wang, H., and Murphy, P. A. 1994. Isoflavone Composition of American and Japanese
Soybean in Iowa: Effects of Variety, Crop Year, and Location. Journal of Agricultural and
Food Chemistry 42: 1674-1677.

45. Hoeck, J. A., Fehr, W. R., Murphy, P. A., and Welke, G. A. 2000. Influence of Genotype
and Environment on Isoflavone Contents of Soybean. Crop Science 40: 48-51.

46. Lee, S. J., Chung, I. M., Ahn, J. K., Kim, J. T., Kim, S. H., and Hahn, S. J. 2003.
Variation in Isoflavone of Soybean Cultivars with Location and Storage Duration. Journal
of Agricultural and Food Chemistry 51: 3383-3389.

47. Kim, J. A., and Chung, I. M. 2007. Change in Isoflavone Concentration of Soybean
(Glycine max L.) Seeds at Different Growth Stages. Journal of the Science of Food and
Agriculture 87: 496-503.

48. Dajanta, K., Chukeatirote, E., Apichartsrangkoon, A., and Frazier, R.A. 2009. Enhanced
Aglycone Production of Fermented Soybean Products by Bacillus Species. Acta Biologica
Szegediensis 53: 93-98.

49. Wei, Q. K., Chen, T. R., and Chen, J. T. 2008. Use of Bacillus subtilis to Enrich Isoflavone
Aglycones in Fermented Natto. Journal of the Science of Food and Agriculture 88: 1007-1011.

50. Lee, Y. W., Kim, J. D., Zheng, J., and Row, K. H. 2007. Comparisons of Isoflavones from



SWU Sci. J. Vol. 27 No. 1 (2011)212

Korean and Chinese Soybean and Processed Products. Biochemical Engineering Journal
36: 49-53.

51. Dajanta, K., Apichartsrangkoon, A., and Chukeatirote, E. Antioxidant Properties and
Total Phenolics of Fermented Soybean as Affected by Bacillus-fermentation to Thua Nao.
(in preparation).

52. Kim, N. Y., Song, E. J., Kwon, D. Y., Kim, H. P., and Heo, M. Y. 2008. Antioxidant and
Antigenotoxic Activities of Korean Fermented Soybean. Food and Chemical Toxicology
46: 1184-1189.

53. Wang, D., Wang, L. J., Zhu, F. X., Zhu, J. Y, Chen, X. D., Zou, L., Saito, M., and Li, L. T.
2008. in vitro and in vivo Studies on the Antioxidant Activities of the Aqueous Extracts
of Douchi (a Traditional Chinese Salt-fermented Soybean Food). Food Chemistry 107:
1421-1428.

54. Zheng, G., and Slavik, M. F. 1999. Isolation, Partial Purification and Characterization of a
Bacteriocin Produced by a Newly Isolated Bacillus subtilis Strain. Letters in Applied
Microbiology 28: 363-367.

55. Kim, Y., Cho, J.Y., Kuk, J.H., Moon, J.H., Cho, J.I., Kim, Y.C., and Park, K.H. 2004.
Identification and Antimicrobial Activity of Phenylacetic Acid Produced by Bacillus
licheniformis Isolated from Fermented Soybean, Chungkookjang. Current Microbiology
48: 312-317.

56. Chukeatirote, E., Niraphai, K., and Sardsud, U. 2006. Biocontrol of Lasiodiplodia spp.,
the Fungal Causative Agent of Postharvest Diseases. Agricultural Science Journal 37
(Suppl): 1075-1078.

57. Dajanta, K. 2010. Production of High Nutritional Fermented Soybean (Thua Nao) by
Bacillus subtilis. Ph.D. Thesis, Chiang Mai, Chiang Mai University, Thailand.

58. Yun, I. S. 2005. Antibacterial, Free Radical Scavenging, and Proliferative Effects of Korean
Fermented Soybean Paste (Doenjang) Extracts. Agricultural Chemistry and Biotechnology
48: 138-143.

59. Dike, E. N., and Odunfa, S. A. 2003. Microbiological and Biochemical Evaluation of a
Fermented Soya Bean Product-soy-dadawadwa. Journal of Food Science and Technology
40: 606-610.

60. Nout, M. J. R., Bakshi, D., and Sarkar, P. K. 1998. Microbiological Safety of Kinema, a
Fermented Soya Bean Food. Food Control 9: 357-362.

61. Hosoi, T., and Kiuchi, K. 2003. Natto-a Food Made by Fermenting Cooked Soybeans with
Bacillus subtilis (natto). In: Farnworth, E.R., Editor. Handbook of Fermented Functional
Foods. Boca Raton. CRC Press. p. 267-290.



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 27 ©∫—∫∑’Ë 1 (2554) 213

62. Visessanguan, W., Benjakul, S., Potachareon, W., Panya, A., and Riebroy, S. 2005.
Accelerated Proteolysis of Soy Proteins During Fermentation of Thua-nao Inoculated with
Bacillus subtilis. Journal of Food Biochemistry 29: 349-366.

63. Tangjitjaroenkun, J., Kitpreechavanich, V., Suthirawut, S., Chim-anage, P., Praprilong,
W., Krusong, W., and Yongsmith, B. 2004. Improvement of High Vitamin B12 Thua Nao
by Mixed Cultures of Soybean Oligosaccharide and the Use of Bacteria and Yeasts. Kasetsart
Journal (Natural Science) 38: 123-130.

‰¥â√—∫∫∑§«“¡«—π∑’Ë 17 °—π¬“¬π 2553
¬Õ¡√—∫µ’æ‘¡æå«—π∑’Ë 21 µÿ≈“§¡ 2553




