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1
 ·≈– æŸπ ÿ¢ ª√–‡ √‘∞ √√æå 
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°“√ àßÕÕ°Õ“À“√∑–‡≈·ª√√Ÿª¢Õß‰∑¬ ‰¥â·°à Õ“À“√
∑–‡≈°√–ªÜÕß  Õ“À“√∑–‡≈·™à·¢Áß  Õ“À“√∑–‡≈µ“°·Àâß
·≈–Õ“À“√∑–‡≈·ª√√ŸªÕ◊ËπÊ  ¡’¡Ÿ≈§à“°“√ àßÕÕ°§‘¥‡ªìπ
 —¥ à«π Ÿß ÿ¥ª√–¡“≥ 69.0%  ¢Õß¡Ÿ≈§à“ àßÕÕ°Õ“À“√‚¥¬
√«¡ À√◊Õ¡’¡Ÿ≈§à“ 128,329.2 ≈â“π∫“∑    „π™à«ß√–¬–‡«≈“
5 ªï (2536-2540) ¡Ÿ≈§à“ àßÕÕ°Õ“À“√∑–‡≈·ª√√Ÿª¢¬“¬
µ—«‡æ‘Ë¡¢÷Èπ‡©≈’Ë¬ 11.7% µàÕªï ‚¥¬°ÿâß°√–ªÜÕß¡’°“√¢¬“¬
µ—« Ÿß ÿ¥ 32.3% µàÕªï  ‡π◊ËÕß®“°‡ªìπ ‘π§â“∑’Ë¡’¡Ÿ≈§à“‡æ‘Ë¡¡’
§«“¡‰¥â‡ª√’¬∫§Ÿà·¢àß¢—π‚¥¬‡©æ“–§ÿ≥¿“æ‡ªìπ∑’Ë¬Õ¡√—∫„π
µ≈“¥‚≈° (∏π“§“√°√ÿß»√’Õ¬ÿ∏¬“ ®”°—¥ (¡À“™π), 2541)
°“√·ª√√Ÿª°ÿâß°ÿ≈“¥” à«π„À≠à 98% π‘¬¡π”¡“º≈‘µ‡ªìπ
°ÿâß°ÿ≈“¥” ¥·™à·¢Áß ‰¥â·°à °ÿâß‡Õ“À—«ÕÕ° (headless) À√◊Õ
°ÿâßªÕ°‡ª≈◊Õ°·™à·¢Áß  ´÷Ëß„π°√–∫«π°“√º≈‘µ∑”„Àâ‡°‘¥
«— ¥ÿ‡»…‡À≈◊Õª√–¡“≥ 37% ‚¥¬¡’À—«°ÿâß‡ªìπÕß§åª√–°Õ∫

À≈—° (Bhuwapathapun, 1996) ®“°·π«‚πâ¡°“√ àßÕÕ°
°ÿâß·™à·¢Áß∑’Ë‡æ‘Ë¡¢÷Èπ àßº≈„Àâª√‘¡“≥«— ¥ÿ‡»…‡À≈◊Õ‡æ‘Ë¡¡“°
¢÷Èπµ“¡≈”¥—∫  ª√–‡∑»‰∑¬‡ªìπºŸâ àßÕÕ°ª≈“∑Ÿπà“°√–ªÜÕß
‡ªìπÕ—π¥—∫Àπ÷Ëß¢Õß‚≈° „π√–À«à“ß°√–∫«π°“√º≈‘µª≈“
∑Ÿπà“°√–ªÜÕß¡’º≈‘µº≈æ≈Õ¬‰¥â‡°‘¥¢÷Èπ 45% ®”·π°‡ªìπ
 à«πµà“ßÊ §◊Õ À—«ª≈“ À“ßª≈“ °â“ßª≈“ ·≈–Àπ—ßª≈“
ª√‘¡“≥ 28-30% , ‰ âª≈“  5-7%,  ‡≈◊Õ¥ª≈“ 10-12%
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·π«∑“ßÀπ÷Ëß∑’Ë®–™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ  °“√·ª√ ¿“æ
Õ“®∑”‰¥â‚¥¬«‘∏’∑“ß‡§¡’À√◊Õ«‘∏’∑“ß™’«¿“æ  ¢âÕ¥’¢Õß«‘∏’
∑“ß™’«¿“æ§◊Õ‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡¡“°°«à“ ·≈–™à«¬
√—°…“§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å‡π◊ËÕß®“°°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë
‰¡à√ÿπ·√ß·≈–¡’§«“¡®”‡æ“–¡“°°«à“«‘∏’∑“ß‡§¡’

º≈‘µ¿—≥±å®“°°“√·ª√ ¿“æ«— ¥ÿ‡»…‡À≈◊Õ ¥â«¬«‘∏’°“√

∑“ß‡∑§‚π‚≈¬’™’«¿“æ

‚ª√µ’π‰Œ‚¥√‰≈‡ ∑ (Protein hydrolysate)

‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‡ªìπº≈‘µº≈∑’Ë‰¥â®“°°“√¬àÕ¬
‚ª√µ’π  ‚¥¬°“√µ—¥ “¬‡ªª‰∑¥å∑’Ë¡’ “¬‚´à¬“«„Àâ‡ªìπ°√¥
Õ–¡‘‚πÕ‘ √–À√◊Õ‡ªª‰∑¥å “¬ —ÈπÊ °“√‡√àßªØ‘°‘√‘¬“°“√
¬àÕ¬ ≈“¬ “¡“√∂°√–∑”‰¥â‚¥¬°“√„™â°√¥  ¥à“ß  À√◊Õ
‡Õπ‰´¡å (Adler-Nissen, 1986) ‚¥¬¡’°“√§«∫§ÿ¡ ¿“«–
‡™àπ √–¬–‡«≈“  Õÿ≥À¿Ÿ¡‘  æ’‡Õ™  ‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±å
 ÿ¥∑â“¬µ“¡§«“¡µâÕß°“√ (Windser and Barlow, 1981)

°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‚¥¬∑—Ë«‰ª¡’ 2 «‘∏’‰¥â·°à
°“√¬àÕ¬ ≈“¬¥â«¬‡Õπ‰´¡å„π°≈ÿà¡‚ª√µ‘‡Õ   ·≈–°“√¬àÕ¬
 ≈“¬¥â«¬ “√‡§¡’ ‡™àπ °√¥À√◊Õ¥à“ß

1. ¢âÕ¥’¢Õß°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‚¥¬«‘∏’∑“ß
™’«¿“æ
°“√„™â‡Õπ‰´¡å¡’¢âÕ¥’À≈“¬ª√–°“√§◊Õ ¡’§«“¡

®”‡æ“– Ÿß ·≈–‡°‘¥ªØ‘°‘√‘¬“‰¡à√ÿπ·√ß √«¡∑—Èß “¡“√∂∑”
ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘·≈–æ’‡Õ™ª“π°≈“ß   ´÷Ëß°‘®°√√¡∑’Ë
‡À¡“– ¡¢Õß‡Õπ‰´¡å “¡“√∂°”Àπ¥√–¥—∫°“√¬àÕ¬ ≈“¬
·≈–¢π“¥¢Õß‡ªª‰∑¥å∑’Ë‡°‘¥¢÷Èπ (Adler-Nissen, 1986) „π
¢≥–∑’Ë°“√¬àÕ¬¥â«¬°√¥·≈–¥à“ß‰¡à “¡“√∂°”Àπ¥Õ—µ√“
°“√¬àÕ¬ ≈“¬æ—π∏–‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ °“√¬àÕ¬ ≈“¬
¥â«¬¥à“ß∑”≈“¬°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ∫“ß™π‘¥ ‡™àπ ∑√‘ª‚µ-
‡‡øπ  πÕ°®“°π’È ´‘ ‡µÕ’π ´’√’π ·≈–∑√’‚Õπ’πÕ“®∂Ÿ°
∑”≈“¬‰¥â‡™àπ°—π √«¡∑—Èß¡’º≈∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π√Ÿª¢Õß
°√¥Õ–¡‘‚π®“° L-form ‡ªìπ D-form ´÷Ëß√à“ß°“¬¡πÿ…¬å
‰¡à “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â  ®÷ß‡ªìπ “‡Àµÿ„Àâ§ÿ≥§à“
∑“ß‚¿™π“°“√¢Õß‚ª√µ’π≈¥≈ß  (Hall  and  Ahmad,

1992) ¥—ßπ—Èπ®÷ß§«√„™â‡Õπ‰´¡å‚ª√µ‘‡Õ „π°“√¬àÕ¬ ≈“¬
‚ª√µ’π¡“°°«à“°“√„™â “√‡§¡’

2. ‡Õπ‰´¡å∑’Ë¡’∫∑∫“∑ ”§—≠„π°“√º≈‘µ‚ª√µ’π-
‰Œ‚¥√‰≈‡ ∑
„π°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑„™â‡Õπ‰´¡å„π°≈ÿà¡
‚ª√µ‘‡Õ ´÷Ëß¡’ 2 °≈ÿà¡ §◊Õ
2.1 ‡Õπ‚¥‡ªªµ‘‡¥  (Endopeptidase) ‡ªìπ

‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬æ—π∏–‡ªª‰∑¥å¿“¬„π‚ à́‚¡‡≈°ÿ≈¢Õß
‚ª√µ’π‰¥â‡ªìπ “¬‚ à́‡ªª‰∑¥å —ÈπÊ  ‡Õπ‰´¡å°≈ÿà¡‡Õπ‚¥-
‡ªªµ‘‡¥ ®“°æ◊™À√◊Õ®ÿ≈‘π∑√’¬å¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬
 ≈“¬ Ÿß     ‡π◊ËÕß®“°¡’§«“¡®”‡æ“–µàÕ —∫ ‡µ√∑∑’Ë‡ªìπ
‡ªª‰∑¥å ‚¡‡≈°ÿ≈„À≠àÀ≈“¬™π‘¥ ·≈– —∫ ‡µ√∑∑’Ë‡ªìπ‚ª√µ’π
∑”„Àâ “¡“√∂¬àÕ¬ ≈“¬‚ª√µ’π‰¥âÕ¬à“ß√«¥‡√Á«  (Ward,

1983)

2.2 ‡Õ°‚ ‡ªªµ‘‡¥  (Exopeptidase)  ‡ªìπ
‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬æ—π∏–‡ªª‰∑¥å¥â“πª≈“¬‚ à́¢Õß‚¡‡≈°ÿ≈
∂â“‡ªìπ°“√ ≈“¬æ—π∏–∑“ßª≈“¬¥â“π°≈ÿà¡Õ–¡‘‚π ‡√’¬°«à“
Õ–¡‘‚π‡ªªµ‘‡¥    ¢≥–∑’Ë°“√ ≈“¬æ—π∏–∑“ßª≈“¬¥â“π
°≈ÿà¡§“√å∫Õ°´‘≈  ‡√’¬°«à“  §“√å∫Õ°´‘‡ªªµ‘‡¥   (Adler-

Nissen, 1986)

µ—«Õ¬à“ß‡Õπ‰´¡å∑’Ë„™â„π°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑
®“°«— ¥ÿ‡»…‡À≈◊Õ‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈  · ¥ß¥—ß
Table 1 ´÷Ëß‰¥â·°à ‡Õπ‰´¡å®“°æ◊™  ‡™àπ  ª“‡ªπ  ‡Õπ‰´¡å
∑“ß°“√§â“  ‡™àπ  Alcalase 2.4 L,  Neutrase 0.5 L,

Rapidase 9319 ‡ªìπµâπ  ·≈–‡Õπ‰´¡å®“° —µ«åπÈ”  ‡™àπ
’́√’π‚ª√µ‘‡Õ ∑’Ë °—¥®“° à«π∑â“¬¢Õß°√–‡æ“–Õ“À“√¢Õß

ª≈“·´≈¡Õπ (salmon pyloric caeca) ‡Õπ‰´¡å‚ª√µ‘‡Õ 
∑’Ë °—¥®“° à«π∑â“¬¢Õß°√–‡æ“–Õ“À“√¢Õßª≈“∑Ÿπà“

3. °√–∫«π°“√º≈‘µ
°√–∫«π°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑ (Figure 1)

ª√–°Õ∫¥â«¬¢—ÈπµÕπæ◊Èπ∞“π∑’Ë§≈â“¬§≈÷ß°—π §◊Õ ‡√‘Ë¡®“°
°“√π”«—µ∂ÿ¥‘∫¡“∫¥„Àâ≈–‡Õ’¬¥ ‡µ‘¡πÈ” ·≈–¬àÕ¬ ≈“¬¥â«¬
‡Õπ‰´¡å‚ª√µ‘‡Õ ¿“¬„µâ ¿“«–∑’Ë‡À¡“– ¡„π°“√∑”ß“π
¢Õß‡Õπ‰´¡å  À≈—ß®“°π—Èπ¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å·≈–
∑”°“√·¬° à«π¢Õß‡À≈« ÷́Ëß¡’ à«πª√–°Õ∫¢Õß‚ª√µ’π∑’Ë
µâÕß°“√π”‰ª∑”·Àâß®–‰¥âº≈‘µ¿—≥±å‚ª√µ’π‰Œ‚¥√‰≈‡ ∑
(Gildberg, 1993)

°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑  ‚¥¬„™â‡Õπ‰´¡å
®”‡ªìπµâÕß§«∫§ÿ¡√–¥—∫°“√¬àÕ¬¢Õß‡Õπ‰´¡å„Àâ‡À¡“– ¡
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Figure 1.  Outline of common procedure for fish

 protein hydrolysate product

 Source : Gildberg (1993)

‡π◊ËÕß®“°∂â“√–¥—∫°“√¬àÕ¬¢Õß‡Õπ‰´¡å¡“°‡°‘π‰ª‡ªìπº≈
∑”„Àâ‡°‘¥‡ªª‰∑¥å∑’Ë¡’√ ¢¡´÷Ëß‡ªìπ°≈ÿà¡¢Õß°√¥Õ–¡‘‚π∑’Ë
‰¡à™Õ∫πÈ”  ¥—ß‡™àπ  ≈‘«´’π   ‰Õ‚´≈‘«´’π   «“≈’π   øïπ‘≈-
Õ–≈“π’π  ‰∑‚√´’π  ·≈–∑√‘ª‚µ·øπ  √–¥—∫°“√¬àÕ¬ ≈“¬
·≈–™π‘¥¢Õß‡Õπ‰´¡å¡’º≈µàÕ√ ™“µ‘·≈–§ÿ≥¿“æ¢Õßº≈‘µ-
¿—≥±å  ¥—ßπ—Èπ°“√§«∫§ÿ¡°“√¬àÕ¬·≈–°“√‡≈◊Õ°‡Õπ‰´¡å∑’Ë
‡À¡“– ¡„π·µà≈–º≈‘µ¿—≥±å®÷ß‡ªìπ ‘Ëß®”‡ªìπ (Synowiecki

et al., 1996)

4. °“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°«— ¥ÿ‡»…‡À≈◊Õ
‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈
¡’°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°‡§√◊ËÕß„πª≈“

°√–∫Õ° (Mulgil cephalus) ‚¥¬„™â‡Õπ‰´¡å‚ª√µ‘‡Õ ®“°
Bacillus subtilis º≈‘µ¿—≥±å∑’Ë‰¥â¡’Õß§åª√–°Õ∫¢Õß‚ª√µ’π
83-86% ·≈–¡’§ÿ≥ ¡∫—µ‘°“√≈–≈“¬„ππÈ” Ÿß (70-80%)

(Rebeca et al., 1991) Kristinsson ·≈– Rasco (2000)

»÷°…“ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬‚ª√µ’π®“°°≈â“¡‡π◊ÈÕª≈“
·´≈¡Õπ   ‚¥¬„™â´’√’π‚ª√µ‘‡Õ ∑’Ë °—¥®“° à«π∑â“¬¢Õß
°√–‡æ“–Õ“À“√¢Õßª≈“·´≈¡Õπ ‡ª√’¬∫‡∑’¬∫°—∫‚ª√µ‘‡Õ 
™Õ∫¥à“ß (alkaline protease) ∑“ß°“√§â“ 4 ™π‘¥ (Alcalase

2.4L, Flavourzyme 1000L, Corolase PN-L ·≈–
Corolase 7089) ‚¥¬„™âÕÿ≥À¿Ÿ¡‘„π°“√¬àÕ¬ ≈“¬∑’Ë 40 oC

Table 1. Some protease enzyme for protein hydrolysate production from

seafood processing wastes

      Raw material         Enzyme           Reference

Cod frame crude proteinase1 Jeon et al. (1999)
Atlantic salmon muscle visceral serine protease2 Kristinsson and Rasco (2000)

Alcalase 2.4 L Kristinsson and Rasco (2000)
Flavourzyme 1000 L Kristinsson and Rasco (2000)
Corolase PN-L Kristinsson and Rasco (2000)
Corolase 7089 Kristinsson and Rasco (2000)

Lobster head Papain Vieira et al. (1995)
Pepsin Vieira et al. (1995)
Fungal protease Vieira et al. (1995)

Black tiger shrimp head Neutrase 0.5 L Bhuwapathapun (1996)
Rapidase 9319 Bhuwapathapun (1996)

Pacific whiting solid waste Alcalase 2.4 L Benjakul and Morrissey (1997)
Neutrase 0.5 L Benjakul and Morrissey (1997)

Eviscerated mullet Bacterial protease Rebeca et al. (1991)

  1extracted from tuna pyloric caeca      2extracted from Atlantic salmon pyloric caeca
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æ’‡Õ™ 7.5 ‡ªìπ‡«≈“ 180 π“∑’ æ∫«à“ Corolase 7089 ¡’
√–¥—∫°“√¬àÕ¬ ≈“¬ (degree of hydrolysis)  Ÿß ÿ¥‡∑à“°—∫
14.4% √Õß≈ß¡“ §◊Õ ´’√’π‚ª√µ‘‡Õ ∑’Ë °—¥®“° à«π∑â“¬
¢Õß°√–‡æ“–Õ“À“√, Flavourzyme 1000L , Corolase

PN-L ·≈– Alcalase 2.4L ‚¥¬¡’√–¥—∫°“√¬àÕ¬ ≈“¬
‡∑à“°—∫ 14.1%, 7.5%, 6.7% ·≈– 5.6% µ“¡≈”¥—∫

®“°°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°À—«°ÿâß‚¥¬
„™â‡Õπ‰´¡å Õ—≈§“‡≈  π‘«‡∑√  ·≈– ª“‡ªπ æ∫«à“ ‡Õπ‰´¡å
Õ—≈§“‡≈ „Àâª√‘¡“≥‰π‚µ√‡®π∑’Ë‡°Á∫‡°’Ë¬«‰¥â (nitrogen re-

covery)  Ÿß∑’Ë ÿ¥∑ÿ°√–¥—∫°“√¬àÕ¬§◊Õ 35, 50 ·≈– 65%

‚¥¬„Àâª√‘¡“≥‰π‚µ√‡®π∑’Ë‡°Á∫‡°’Ë¬«‰¥â ‡∑à“°—∫ 54.47, 65.22

·≈– 79.61%  µ“¡≈”¥—∫ √Õß≈ß¡“§◊Õ‡Õπ‰´¡åπ‘«‡∑√  ¡’
§à“‡∑à“°—∫ 44.72,  48.68  ·≈–  52.20% ·≈–‡Õπ‰´¡åª“-
‡ªπ ¡’§à“‡∑à“°—∫ 36.70, 46.88 ·≈– 49.75% µ“¡≈”¥—∫
(Kongkeaw, 1999) Õß§åª√–°Õ∫¢Õß°√¥Õ–¡‘‚π∑’Ë‰¥â®“°
°“√¬àÕ¬À—«°ÿâßÕ¬Ÿà„π√–¥—∫∑’Ë Ÿß‡¡◊ËÕ‡ª√’¬∫°—∫°√¥Õ–¡‘‚π∑’Ë
‰¥â®“°«— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“§ÁÕ¥ (Table 2) πÕ°®“°™π‘¥

¢Õß«—µ∂ÿ¥‘∫·≈â«  Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‚ª√µ’π‰Œ‚¥√-
‰≈‡ ∑¬—ß¢÷Èπ°—∫™π‘¥¢Õß‡Õπ‰´¡å∑’Ë„™â„π°“√¬àÕ¬ ≈“¬¥â«¬
(Table 3)

‡¡◊ËÕπ”À—«·≈–‡§√◊ËÕß„πª≈“∑Ÿπà“æ—π∏ÿå‚Õ·∂∫ (Kat-

suwonas pelamis) ¡“¬àÕ¬ ≈“¬¥â«¬‡Õπ‰´¡åÕ—≈§“‡≈ 
π‘«‡∑√  ·≈–ª“‡ªπ ‡ªìπ‡«≈“ 0.5, 1 ·≈– 4 ™—Ë«‚¡ß ‰¥â
º≈º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‚¥¬πÈ”Àπ—°®“°À—«·≈–‡§√◊ËÕß
„π¡’§à“‡∑à“°—∫ 8.40, 9.90, 11.10% ·≈– 15.60, 16.36,

17.97%  µ“¡≈”¥—∫  ´÷Ëß§à“∑’Ë‰¥â Ÿß°«à“°“√„™â‡Õπ‰´¡åÕ’° 2
™π‘¥ ‚¥¬°“√¬àÕ¬ ≈“¬À—«·≈–‡§√◊ËÕß„πª≈“∑Ÿπà“æ—π∏ÿå‚Õ·∂∫
¥â«¬‡Õπ‰´¡åπ‘«‡∑√ ‰¥âº≈º≈‘µ‡∑à“°—∫ 6.88, 7.33, 8.38%

·≈–  14.51,  15.30,  17.22% µ“¡≈”¥—∫  ·≈–°“√¬àÕ¬
 ≈“¬¥â«¬ª“‡ªπ‰¥âº≈º≈‘µ√–À«à“ß  6.25,  7.01,  8.35%

·≈– 12.43, 13.85, 15.74%  µ“¡≈”¥—∫ (Õ—®©√‘¬“, 2542)
5. °“√ª√–¬ÿ°µå„™â‚ª√µ’π‰Œ‚¥√‰≈‡ ∑

5.1 Õ“À“√¡πÿ…¬å

°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‡ªìπÕ“À“√
¡πÿ…¬å “¡“√∂·∫àß√Ÿª·∫∫°“√„™âª√–‚¬™πå‰¥â 3 √Ÿª·∫∫
¡’®ÿ¥ª√– ß§å‡æ◊ËÕª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘‡™‘ßÀπâ“∑’Ëµà“ßÊ  ‡™àπ
°“√≈–≈“¬  °“√‡°‘¥øÕß  °“√‡ªìπÕ‘¡—≈™—Ëπ  ·≈–‡æ◊ËÕ‡æ‘Ë¡
§ÿ≥§à“∑“ß‚¿™π“°“√  √«¡∑—Èß‡æ◊ËÕ‡ªìπ “√ª√ÿß·µàß°≈‘Ëπ√ 
(Adler-Nissen, 1986)

5.1.1  à«πª√–°Õ∫‡æ◊ËÕ™à«¬ª√—∫ª√ÿß ¡∫—µ‘
‡™‘ßÀπâ“∑’Ë
¢π“¥‚¡‡≈°ÿ≈¢Õß‚ª√µ’π∑’Ë∂Ÿ°¬àÕ¬

‡ªìπªí®®—¬Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠µàÕ°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈-
‡ ∑∑’Ë¡’§ÿ≥ ¡∫—µ‘‡™‘ßÀπâ“∑’Ëµ“¡µâÕß°“√  Jeon ·≈–§≥–
(1999)   »÷°…“«‘∏’°“√ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘‡™‘ßÀπâ“∑’Ë¢Õß
‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°«— ¥ÿ‡»…‡À≈◊Õª≈“§ÁÕ¥∑’Ë‡µ√’¬¡‚¥¬
„™â crude proteinase ∑’Ë °—¥®“° à«π∑â“¬¢Õß°√–‡æ“–
Õ“À“√¢Õßª≈“∑Ÿπà“  ·¬° “¬‡ªª‰∑¥å¢π“¥µà“ßÊ  „π
‰Œ‚¥√‰≈‡ ∑‚¥¬„™â‡¡¡‡∫√π™π‘¥Õ—≈µ√“∑’Ë¡’°“√µ—¥πÈ”Àπ—°
‚¡‡≈°ÿ≈ (molecular weight cut-off) ∑’Ë  30,  10,  5 ·≈–
3 kDa  “¡“√∂·¬°‰Œ‚¥√‰≈‡ ∑∑’Ë¡’¢π“¥µà“ßÊ °—π  §◊Õ
‰Œ‚¥√‰≈‡ ∑¢π“¥ 30-K  ( à«π∑’Ëºà“π°“√°√Õß ®“° 30

kDa),  10-K  ( à«π∑’Ëºà“π°“√°√Õß ®“° 10 kDa),  5-K

( à«π∑’Ëºà“π°“√°√Õß ®“° 5 kDa), ·≈– 3-K ( à«π∑’Ëºà“π
°“√°√Õß ®“° 3 kDa)  ‡¡◊ËÕ»÷°…“§ÿ≥ ¡∫—µ‘‡™‘ßÀπâ“∑’Ë

Amino acid

Table 2. Amino acid composition of shrimp head

hydrolysate and cod viscera hydrolysate

         Content (g/100 g)

        Shrimp head1   Cod offal2   Cod  fillet2

Aspartic acid 8.81 5.50 6.32
Threonine 3.92 2.43  2.65
Serine 4.42 3.07 2.77
Glutamic acid 11.93 7.77 9.24
Proline 3.59 3.23  2.73
Glycine 5.48 5.69 2.83
Alanine 4.76 3.91 3.56
Cysteine 0.85 0.56  0.44
Valine 4.73 2.22 2.33
Methionine 1.75 1.81 1.80
Isoleucine 3.71 1.79 2.00
Leucine 5.59 3.92 4.56
Tyrosine 3.55 1.74 2.09
Phenylalanine 4.77 2.03  2.18
Lysine 4.24 4.54 6.38
Histidine 2.50 0.63 1.57
Arginine 4.47 3.98 3.85

    Source : 1Kongkeaw (1999) ;  2Mackie (1982)
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      Source                 Enzyme              Reference

Table 3.  Proximate composition of various protein hydrolysate

              Composition

      Protein     Fat       Ash     Moisure

Raw herring 85.3 4.7 9.6 4.8 Papain Hoyle and Merritt (1994)
Herring presscake 82.3 3.7 13.3 3.9 Alcalase Hoyle and Merritt (1994)

83.4 3.6 9.9 3.2 Papain Hoyle and Merritt (1994)
White fish 89.00 2.80 6.95   - Papain Mackie (1982)
Offal 90.46 2.70 7.13   - Alcalase Mackie (1982)
Blue whiting 75.55 11.76 7.08   - Papain Mackie (1982)
Cod fillet 84.4 2.00 6.20   - Papain Mackie (1982)
Cod fillet waste 81.80 4.20 6.90   - Papain Mackie (1982)
Eviscerated mullet 82.3 7.7 3.3 3.3 HT- proteolytic 200 Rebeca et al. (1991)

86.9 3.3 3.5 2.7 Protease N Rebeca et al. (1991)
83.7 6.8 3.4 4.4 Pescalase 560 Rebeca et al. (1991)

§ÿ≥ ¡∫—µ‘∑“ß‡§¡’øî ‘° å (°“√‡°‘¥Õ‘¡—≈™—π ·≈– §ÿ≥ ¡∫—µ‘
°“√‡°‘¥øÕß) ·≈– °‘®°√√¡∑“ß™’«¿“æ [°‘®°√√¡°“√µâ“π
ÕÕ°´‘‡¥™—π (antioxidative) ·≈– °‘®°√√¡¬—∫¬—Èß angi-

otensin I converting enzyme (ACE)] æ∫«à“ ‰Œ‚¥√‰≈
‡ ∑¢π“¥ 10-K ·≈– 30-K ¡’§ÿ≥ ¡∫—µ‘°“√‡ªìπÕ‘¡—≈™—Ëπ∑’Ë
¥’  à«π‰Œ‚¥√‰≈‡ ∑¢π“¥ 5-K · ¥ß°‘®°√√¡°“√µâ“π
ÕÕ°´‘‡¥™—π„π√–¥—∫∑’Ë Ÿß „π¢≥–∑’Ë‰Œ‚¥√‰≈‡ ∑¢π“¥ 3-K

· ¥ß°‘®°√√¡°“√¬—∫¬—Èß ACE ∑’Ë¥’ ‚¥¬ ACE ®–µ—¥æ—π∏–
‡ªª‰∑¥å¢Õß angiotensin I (decapeptide) ´÷ËßÕ¬Ÿà„π√Ÿª
inactive ®”π«π 2 ‚¡‡≈°ÿ≈ ‡ª≈’Ë¬π‰ª‡ªìπ angiotensin

II (octapeptide) ´÷Ëß active ∑”„Àâ‡°‘¥°“√∫’∫µ—«¢Õß
À≈Õ¥‡≈◊Õ¥  (vasoconstrictor)   àßº≈„Àâ§«“¡¥—π‚≈À‘µ
 Ÿß¢÷Èπ

5.1.2  à«πª√–°Õ∫  ‡æ◊ËÕ‡æ‘Ë¡§ÿ≥§à“∑“ß
‚¿™π“°“√
®“°°“√»÷°…“„™â‚ª√µ’π‰Œ‚¥√‰≈‡ ∑

„πº≈‘µ¿—≥±å‡§√◊ËÕß¥◊Ë¡ æ∫«à“√à“ß°“¬ ¥Ÿ¥´÷¡‚ª√µ’π·≈–
π”‰ª„™âª√–‚¬™πå‰¥â‡√Á«°«à“‚ª√µ’π∑—Ë«‰ª (Christopher,

1994) ·≈–ªí®®ÿ∫—π¡’°“√„™â‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‡ªìπÕ“À“√
 ”À√—∫ºŸâªÉ«¬∑’Ë‡ªìπ‚√§‡°’Ë¬«°—∫µ—∫ (pancreatitis), ‚√§∑’Ë
‡°’Ë¬«¢âÕß°“√¥Ÿ¥´÷¡Õ“À“√ (short bowel syndrome ·≈–
Crohn's disease) ‡π◊ËÕß®“°√à“ß°“¬ “¡“√∂¥Ÿ¥´÷¡‚ª√µ’π
‰Œ‚¥√‰≈‡ ∑‰¥âßà“¬·≈–‰¡à∑”„Àâ‡°‘¥¿Ÿ¡‘·æâ  (Schmidl

et al., 1994)

5.1.3  “√ª√ÿß·µàß°≈‘Ëπ√ 
‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°«— ¥ÿ‡»…‡À≈◊Õ

∑’Ë‰¥â®“°°“√·ª√√Ÿª —µ«åπÈ” ®”æ«°ª≈“ ·≈–°ÿâß ª√–°Õ∫
¥â«¬°√¥Õ–¡‘‚π∑’Ë„Àâ°≈‘Ëπ√ ª√‘¡“≥ Ÿß ¥—ßπ—Èπ®÷ß¡’°“√„™â
‚ª√µ’π‰Œ‚¥√‰≈‡ ∑‡ªìπ “√ª√ÿß·µàß°≈‘Ëπ√ Õ“À“√  ‡™àπ
„πº≈‘µ¿—≥±å®“°´Ÿ√‘¡‘ º≈‘µ¿—≥±å®“°∏—≠æ◊™ ·≈–°“√„™â
‡ªìπ à«πº ¡„πÕ“À“√‡≈’È¬ß —µ«å  ‡™àπ  ª≈“·≈–°ÿâß (Pan,

1990 Õâ“ß‚¥¬ Kongkeaw, 1999)

5.2 Õ“À“√ —µ«å
¡’√“¬ß“π°“√„™â‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°

ª≈“§ÁÕ¥ ∑¥·∑π‡§´’π„πÕ“À“√ —µ«å ·µà‰¡à§«√‡°‘π 60%

‡æ√“–Õ“®∑”„Àâ°“√„™âª√–‚¬™πå®“°Õ“À“√ —µ«å¡’§à“≈¥≈ß
(Mackie, 1982) „π°“√º≈‘µÕ“À“√ —µ«å∑“ß°“√§â“¡’°“√
ª√–¬ÿ°µå„™â‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°ª≈“‡ªìπ·À≈àß¢Õß‚ª√µ’π
·≈– “√„Àâ°≈‘Ëπ„πÕ“À“√ª≈“·≈–Õ“À“√ —µ«å‡≈’È¬ß  ·≈–
 “¡“√∂„™â‚ª√µ’π‰Œ‚¥√‰≈‡ ∑  ∑¥·∑ππ¡ ”À√—∫‡≈’È¬ß
≈Ÿ°«—«·≈–≈Ÿ°À¡Ÿ (Pigott, 1982)

5.3 Õ“À“√‡≈’È¬ß‡™◊ÈÕ®ÿ≈‘π∑√’¬å
‚ª√µ’π‰Œ‚¥√‰≈‡ ∑®“°ª≈“ “¡“√∂„™â‡ªìπ

·À≈àß‰π‚µ√‡®π„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ”À√—∫°“√‡®√‘≠‡µ‘∫‚µ
¢Õß®ÿ≈‘π∑√’¬å  ·≈–ªí®®ÿ∫—π„πª√–‡∑»πÕ√å‡«¬å·≈–≠’ËªÿÉπ¡’
°“√º≈‘µ‡ª∫‚µπ®“°ª≈“„π∑“ß°“√§â“ (Gildberg, 1993)
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ª≈“À¡—° (Fish silage) ·≈–À—«°ÿâßÀ¡—° (Shrimp head -

silage)

ª≈“À¡—°·≈–À—«°ÿâßÀ¡—°‡ªìπº≈‘µ¿—≥±å∑’Ë‰¥â®“°°“√
À¡—°«— ¥ÿ‡»…‡À≈◊Õ®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈   ´÷Ëß
 “¡“√∂º≈‘µ‰¥â‚¥¬ 2 «‘∏’ §◊Õ ‚¥¬°“√‡µ‘¡°√¥≈ß‚¥¬µ√ß
(°√¥Õπ‘π∑√’¬åÀ√◊Õ°√¥Õ‘π∑√’¬å)  À√◊ÕÀ¡—°°—∫·∫§∑’‡√’¬
·≈§µ‘° (Dapkevicius et al., 1998) ®ÿ≈‘π∑√’¬åÀ≈“¬ “¬
æ—π∏ÿå  “¡“√∂‡®√‘≠‰¥â¥’„π«— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“·≈– √â“ß
 “√¬—∫¬—Èß®ÿ≈‘π∑√’¬åÕ◊ËπÊ  ∑”„Àâ°√–∫«π°“√¬àÕ¬ ≈“¬¢Õß
‡Õπ‰´¡å∑”ß“π‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ (Zuberi et al.,

1991)

1. ¢âÕ¥’¢Õß°“√º≈‘µª≈“À¡—°‚¥¬«‘∏’∑“ß™’«¿“æ
¢âÕ¥’¢Õß°“√„™â·∫§∑’‡√’¬·≈§µ‘° §◊Õ¡’√“§“∂Ÿ°

°«à“°“√„™â°√¥ ‡ªìπ°“√À≈’°‡≈’Ë¬ß°“√ —¡º— °—∫°√¥‡¢â¡¢âπ
·≈–„Àâº≈º≈‘µ∑’Ë‰¡à·µ°µà“ß®“°°“√„™â°√¥  µ—«Õ¬à“ß ‡™àπ
°√≥’¢Õßª≈“À¡—°∑’Ëº≈‘µ®“°«— ¥ÿ‡»…‡À≈◊Õª≈“·´≈¡Õπ
‚¥¬„™â°√¥ —́≈øŸ√‘°‡ª√’¬∫‡∑’¬∫°—∫°“√À¡—°‚¥¬„™â·∫§∑’‡√’¬
·≈§µ‘°   æ∫«à“¡’‡ªÕ√å‡´ÁπµåÕß§åª√–°Õ∫¢Õß§«“¡™◊Èπ
‰π‚µ√‡®π ‰¢¡—π   ·≈–‡∂â“ „πª√‘¡“≥∑’Ë„°≈â‡§’¬ß°—π ´÷Ëß
ª≈“À¡—°∑’Ëº≈‘µ‚¥¬„™â°√¥¡’§à“‡∑à“°—∫ 79.1,  9.7,  23.4

·≈– 8.3  ·≈–°“√À¡—°‚¥¬„™â·∫§∑’‡√’¬·≈§µ‘°¡’§à“‡∑à“°—∫
76.1, 9.4, 19.7 ·≈– 7.6 µ“¡≈”¥—∫  (Dong et al., 1993)

ª≈“À¡—°∑’Ë‰¥â®“°°“√À¡—°°—∫·∫§∑’‡√’¬·≈§µ‘°„Àâ°≈‘Ëπ‡ªìπ
∑’Ë¬Õ¡√—∫¡“°°«à“°“√À¡—°‚¥¬„™â°√¥ (Zuberi  et al.,

1991) ‚¥¬·∫§∑’‡√’¬·≈§µ‘° ™à«¬≈¥ª√‘¡“≥‰π‚µ√‡®π∑’Ë
‰¡à„™à‚ª√µ’π ·≈–‰π‚µ√‡®π∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥   ·µà°“√„™â
°√¥∑”„Àâ¡’ª√‘¡“≥¢Õß‰π‚µ√‡®π∑—ÈßÀ¡¥∑’Ë√–‡À¬‰¥â„π
ª√‘¡“≥∑’Ë Ÿß   ‡π◊ËÕß®“°¡’°“√¬àÕ¬´‘ µ’π àßº≈„Àâ‡°‘¥°“√
 √â“ß·Õ¡‚¡‡π’¬ ·≈–/À√◊Õ ‡Õ¡’π∑’Ë√–‡À¬‰¥â  àßº≈„Àâ¡’
Õß§åª√–°Õ∫¢Õß°√¥Õ–¡‘‚π´‘ µ’π≈¥≈ß  πÕ°®“°π’È°“√
À¡—°‚¥¬„™â·∫§∑’‡√’¬·≈§µ‘°¡’º≈¥’µàÕ‰¢¡—π„πª≈“À¡—°
‚¥¬™à«¬‡æ‘Ë¡§«“¡§ßµ—«·≈–ª√—∫ª√ÿß‚§√ß √â“ß¢ÕßπÈ”¡—π
„π¢≥–∑’Ë°“√À¡—°‚¥¬„™â°√¥‰¡à “¡“√∂ªÑÕß°—π°“√‡°‘¥
ÕÕ°´‘‡¥™—π‰¥â  ‡ªìπº≈„Àâª≈“À¡—°¡’°≈‘ËπÀ◊π·≈–‰¡à
ª≈Õ¥¿—¬ ”À√—∫°“√º≈‘µ‡ªìπÕ“À“√ —µ«å (Dapkevicius

et al., 1998) °“√„™âª≈“À¡—°∑’ËÀ¡—°¥â«¬·∫§∑’‡√’¬·≈§µ‘°
‡ªìπ à«πº ¡¢ÕßÕ“À“√ —µ«å æ∫«à“ª≈“À¡—°¡’§ÿ≥ ¡∫—µ‘
‡ªìπ‚ª√‰∫‚Õµ‘°∑’Ë™à«¬„Àâ —µ«å¡’§«“¡µâ“π∑“πµàÕ‚√§¡“°¬‘Ëß

¢÷Èπ (Hammoumi et al., 1998)  ¢âÕ¥’Õ’°ª√–°“√Àπ÷Ëß
§◊Õ „πæ◊Èπ∑’Ë™π∫∑  ´÷Ëß‰¡à “¡“√∂À“°√¥Õ‘π∑√’¬åÀ√◊Õ°√¥
Õπ‘π∑√’¬å‰¥â °“√„™â·∫§∑’‡√’¬·≈§µ‘°‚¥¬„™âπÈ”°–À≈Ë”ª≈’
¥Õß‡ªìπ·À≈àß¢Õß‡™◊ÈÕ®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß¢Õß°“√∑”ª≈“
À¡—° (Zuberi et al., 1991)

2. ®ÿ≈‘π∑√’¬å∑’Ë¡’∫∑∫“∑ ”§—≠„π°“√º≈‘µ
2.1 ·∫§∑’‡√’¬·≈§µ‘°  ‡ªìπ·∫§∑’‡√’¬°≈ÿà¡∑’Ë

 “¡“√∂º≈‘µ°√¥·≈§µ‘°·≈–¡’∫∑∫“∑ ”§—≠„π°“√º≈‘µ
ª≈“À¡—°  “¬æ—π∏ÿå∑’Ëπ‘¬¡„™â¡“°∑’Ë ÿ¥§◊Õ Lactobacillus

plantarum   (Zuberi et al.,  1991;    Fagbenro and

Jauncey, 1993;  Fagbenro and Bello-Olusoji,  1997)

2.2 Saccharomyces sp.

°“√„™â  Saccharomyces sp. À¡—°√à«¡°—∫
·∫§∑’‡√’¬·≈§µ‘° ™à«¬ª√—∫ª√ÿß°≈‘Ëπ¢Õßª≈“À¡—°·≈–™à«¬
‡æ‘Ë¡πÈ”µ“≈√’¥‘«´å (Faid et al., 1994)

3. °√–∫«π°“√º≈‘µª≈“À¡—°
°√–∫«π°“√º≈‘µª≈“À¡—°‚¥¬∑—Ë«‰ª¡’«‘∏’§≈â“¬

§≈÷ß°—π (Figure 2) ‡√‘Ë¡®“°°“√π”ª≈“À√◊Õ«— ¥ÿ‡»…‡À≈◊Õ
‡™àπ ‡§√◊ËÕß„πª≈“¡“∫¥º ¡°—∫·À≈àß§“√å∫ÕπÕ“®‡ªìπ°“°
πÈ”µ“≈ ·ªÑß¡—π ”ª–À≈—ßÀ√◊ÕπÈ”µ“≈  ®“°π—Èπ‡µ‘¡À—«‡™◊ÈÕ
≈ß‰ª ∑”°“√À¡—°µ“¡√–¬–‡«≈“∑’Ë‡À¡“– ¡  √–À«à“ß°“√
À¡—°æ’‡Õ™¢Õßº≈‘µ¿—≥±å≈¥≈ß  ‚¥¬∑—Ë«‰ª¡’æ’‡Õ™ª√–¡“≥
3-4 ÷́Ëß‡ªìπæ’‡Õ™∑’Ë‡À¡“– ¡ ”À√—∫°“√¬àÕ¬‚ª√µ’π‚¥¬

Figure 2. Common procedure for fish silage pro-

duction

Source: Bimbo (1990)
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‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà„π«— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“·≈–°ÿâß ‡Õπ‰´¡åµ—¥
 “¬‚¡‡≈°ÿ≈¢Õß‚ª√µ’π„Àâ‡ªìπÀπà«¬‡≈Á°≈ß (Bimbo, 1990)

§ÿ≥ ¡∫—µ‘∑“ß‡§¡’øî ‘° å·≈–Õß§åª√–°Õ∫¢Õß‰π‚µ√‡®π
¢Õß«— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“´“√å¥’πÀ≈—ß®“°∑”°“√À¡—°‚¥¬
„™â‡™◊ÈÕ Lactobacillus  plantarum æ∫«à“ ¡’§ÿ≥ ¡∫—µ‘∑“ß
‡§¡’øî ‘° å ¥—ßπ’È  æ’‡Õ™ 4.14,   “√∑’Ë‰¡à√–‡À¬ 38.36%,

‡∂â“ 7.94%,  ‰¢¡—π 6.12%,  πÈ”µ“≈ √’¥‘«´å 10.79%,

‚ª√µ’π 11.34% ·≈–‡¬◊ËÕ„¬ 0.08% (Hammoumi et al.,

1998) ·≈–¡’Õß§åª√–°Õ∫¢Õß‰π‚µ√‡®π §◊Õ ª√‘¡“≥
‰π‚µ√‡®π∑—ÈßÀ¡¥ 1.78%,    ‰π‚µ√‡®π∑’Ë‰¡à„™à‚ª√µ’π
31.68%, ‰π‚µ√‡®π∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥ 2.32%  ·≈–‰µ√-
‡¡∑‘≈‡Õ¡’π 0.21% (Hammoumi et al., 1998)

4. ªí®®—¬∑’Ë¡’º≈µàÕ°“√º≈‘µª≈“À¡—°
4.1 º≈¢Õß·À≈àß§“√å∫Õπ

√–¥—∫°“°πÈ”µ“≈∑’Ë‡À¡“– ¡µàÕ°“√º≈‘µ°√¥
·≈–™à«¬‡æ‘Ë¡¡«≈∑’Ë‰¥â®“°°“√À¡—°  (fermenting mass) «— ¥ÿ
‡»…‡À≈◊Õ¢Õßª≈“πÈ”®◊¥ §◊Õ 10 % ¢Õßª√‘¡“≥«— ¥ÿ‡»…‡À≈◊Õ
(Ahmed and Mahendrakar, 1995)   à«πª√‘¡“≥πÈ”µ“≈
‡¥Á°´å‚∑√ ∑’Ë‡À¡“– ¡ ”À√—∫°“√„™â‡ªìπ·À≈àß§“√å∫Õπ§◊Õ
5% ‚¥¬„Àâª≈“À¡—°∑’Ë¡’æ’‡Õ™µË” ÿ¥ ¡’§«“¡§ßµ—« ·≈–º≈‘µ
°√¥·≈§µ‘°„πª√‘¡“≥ Ÿß (Lassen, 1995) Õ¬à“ß‰√°Áµ“¡
„πº≈‘µ¿—≥±åÀ—«°ÿâß·¡àπÈ” (Macrobrachium vollenho-

venii) À¡—° ´÷Ëß∑”°“√À¡—°‚¥¬„™â‡™◊ÈÕ L.  plantarum ∑’Ë
30 oC À≈—ß®“°°“√∫à¡‡ªìπ‡«≈“ 30 «—π æ∫«à“ ·À≈àß§“√å∫Õπ
(°“°πÈ”µ“≈·≈–·ªÑß¡—π ”ª–À≈—ß) ‰¡à¡’º≈µàÕÕß§åª√–°Õ∫
¢Õßª≈“À¡—° Õß§åª√–°Õ∫‚¥¬∑—Ë«‰ª¡’§à“„°≈â‡§’¬ß°—π (°√—¡/
100 °√—¡πÈ”Àπ—°·Àâß)  ‰π‚µ√‡®π∑’Ë‰¡à„™à‚ª√µ’π (50.6  ·≈–
50.6) ‚ª√µ’π (41.8 ·≈– 42.7) ‰¢¡—π (15.0 ·≈– 13.6)
·≈–‡∂â“ (12.1 ·≈– 13.7)  æ’‡Õ™¢Õßª≈“À¡—°≈¥≈ßµË”°«à“
4.5  À≈—ß®“°°“√∫à¡‡ªìπ‡«≈“ 7 «—π (Fagbenro and

Bello-Olusoji, 1997)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“ æ’‡Õ™,  trimethylamine

nitrogen ·≈– volatile basic nitrogen ¢Õßª≈“À¡—°‚¥¬
„™â«— ¥ÿ‡»…‡À≈◊Õ®“°Õÿµ “À°√√¡ª≈“°√–ªÜÕß ‚¥¬„™â·À≈àß
§“√å‚∫‰Œ‡¥√µ ·≈–·À≈àß‡™◊ÈÕ∑’Ë·µ°µà“ß°—π À≈—ß°“√À¡—°
‡ªìπ‡«≈“ 21 «—π æ∫«à“º≈∑’Ë‰¥â®“°°“√À¡—°‚¥¬„™â‡™◊ÈÕ∫√‘ ÿ∑∏‘Ï
Lactobacillus plantarum ·≈–‡™◊ÈÕ„ππÈ”°–À≈Ë”ª≈’¥Õß
¡’§à“„°≈â‡§’¬ß°—π  à«π°“√„™â·À≈àß§“√å‚∫‰Œ‡¥√µ §◊Õ °≈Ÿ‚§ 

´Ÿ‚§√   ·≈–°“°πÈ”µ“≈  °Á„Àâº≈∑’Ë„°≈â‡§’¬ß°—π  Õ¬à“ß‰√
°Áµ“¡°“√„™â°“°πÈ”µ“≈ „πÕ—µ√“ 10% ∂÷ß·¡â«à“¡’√“§“∂Ÿ°
·µà°Á¡’Õß§åª√–°Õ∫‰¡à·πàπÕπ´÷Ëß¡’º≈µàÕº≈‘µ¿—≥±åª≈“
À¡—° ¥—ßπ—Èπ°“√„™â°“°πÈ”µ“≈„πÕ—µ√“ 5% √à«¡°—∫·À≈àß
§“√å‚∫‰Œ‡¥√µÕ◊ËπÊ Õ’° 5% ®÷ß‡ªìπ ‘Ëß®”‡ªìπ  ´÷Ëß°“√„™â
´Ÿ‚§√ √à«¡°—∫°“°πÈ”µ“≈ (Õ—µ√“ à«π 1:1) „πÕ—µ√“ 10%

¡’√“§“∂Ÿ°∑’Ë ÿ¥   πÕ°®“°π’È æ∫«à“ª≈“À¡—°∑’ËÀ¡—°¥â«¬
®ÿ≈‘π∑√’¬å°—∫ª≈“À¡—°∑’Ë„™â°√¥øÕ√å¡‘°¡’§ÿ≥ ¡∫—µ‘∑“ß‡§¡’∑’Ë
‰¡à·µ°µà“ß°—π ·µà°“√À¡—°‚¥¬„™â®ÿ≈‘π∑√’¬å„Àâº≈‘µ¿—≥±å∑’Ë¡’
°≈‘Ëπ‡ªìπ∑’Ë¬Õ¡√—∫¢Õß§π à«π„À≠à¡“°°«à“ (Zuberi et

al.,1991)

4.2 º≈¢ÕßÕÿ≥À¿Ÿ¡‘
®“°°“√À¡—°ª≈“π‘≈ (Oreochromis ni-

loticus) ‚¥¬„™â°“°πÈ”µ“≈ 15% À¡—°‚¥¬„™â‡™◊ÈÕ L.

plantarum 5% ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ  æ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘ 20,

30 ·≈– 35 oC æ’‡Õ™≈¥≈ßÕ¬à“ß√«¥‡√Á« „π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘
5 oC  æ’‡Õ™≈¥≈ßÕ¬à“ß™â“Ê  °“√¬àÕ¬ ≈“¬µ—«‡Õß (autoly-

sis) ¢Õß‚ª√µ’π¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘ ‡™àπ‡¥’¬«°—∫Õß§åª√–°Õ∫
‰π‚µ√‡®π∑’Ë‰¡à„™à‚ª√µ’π´÷Ëß‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß
(Fagbenro and Jauncey, 1993)

‡¡◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’  ·≈–
®ÿ≈‘π∑√’¬å„π‡§√◊ËÕß„πª≈“ (fish viscera) ∑’Ë∑”°“√À¡—°‚¥¬
„™â°“°πÈ”µ“≈ 10%  °√¥‚æ√æ‘ÕÕπ‘° 0.5% (ª√‘¡“µ√/πÈ”
Àπ—°) ·≈–Õ‘∑Õ§´’§«‘π (ethoxyquin) 0.02% ∑’ËÕÿ≥À¿Ÿ¡‘
26±2 ·≈– 37 oC     æ∫«à“ °“√À¡—°∑’Ë 37 oC æ’‡Õ™≈¥≈ß
Õ¬à“ß√«¥‡√Á« ÷́Ëß —¡æ—π∏å°—∫°“√‡æ‘Ë¡¢÷Èπ¢Õß°√¥·≈§µ‘° ·≈–
ª≈“À¡—°ª√“»®“°‡™◊ÈÕ°àÕ‚√§ (coliform , E. coli , Ente-

rococci, Staphylococci, ¬’ µå·≈–√“) À≈—ß®“°°“√À¡—°
‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ·≈– 72 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 37 ·≈–
26±2 oC µ“¡≈”¥—∫ (Ahmed and Mahendrakar, 1996)

4.3 ¢π“¥¢Õß‡™◊ÈÕ‡√‘Ë¡µâπ
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫¢π“¥¢Õß‡™◊ÈÕ‡√‘Ë¡µâπ  §◊Õ

107, 108 ·≈– 109 CFU/g æ∫«à“ª√‘¡“≥¢Õß‡™◊ÈÕ‡√‘Ë¡µâπ∑’Ë
‡À¡“– ¡µàÕ°“√À¡—°«— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“   §◊Õ  108

CFU/g ´÷Ëß„Àâ§à“æ’‡Õ™µË” ÿ¥·≈–¡’§«“¡§ßµ—« √«¡∑—Èßº≈‘µ
°√¥·≈§µ‘°„πª√‘¡“≥ Ÿß (Lassen, 1995) ·≈–„π°“√À¡—°
«— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“·Œ√‘Ëß (herring ; Clupea harengus)

‡¡◊ËÕ„™â¢π“¥¢Õß‡™◊ÈÕ‡√‘Ë¡µâπ 108  CFU/g  „™âπÈ”µ“≈
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‡¥°´å‚∑√  5% ‡ªìπ·À≈àß§“√å∫Õπ À¡—°∑’ËÕÿ≥À¿Ÿ¡‘ 25 oC

æ∫«à“ æ’‡Õ™≈¥≈ß®“° 6.8 ‡ªìπ 4.2  ¿“¬„π 1  —ª¥“Àå
·≈–¡’§à“§ß∑’Ë∑’Ëæ’‡Õ™ 4.3  „π¢≥–‡¥’¬«°—π„Àâ°√¥·≈§µ‘°∑’Ë
¡’§«“¡‡¢â¡¢âπÕ¬Ÿà„π™à«ß  2.0-3.2%  (Lassen, 1995)

5. °“√ª√–¬ÿ°µå„™âª≈“À¡—°
5.1 Õ“À“√ —µ«å

ª≈“À¡—°®“°‡π◊ÈÕ‡¬◊ËÕ ¡Õß·≈–µ“¢Õßª≈“
¡’Õß§åª√–°Õ∫¢Õß‰¢¡—πÕ¬Ÿà„π™à«ß 5.5 - 46.5% (πÈ”Àπ—°
·Àâß)  ‚¥¬ª≈“À¡—°®“°µ“ª≈“∑Ÿπà“  (Thunnus thunnus)

¡’Õß§åª√–°Õ∫¢Õß‰¢¡—π¡“°∑’Ë ÿ¥  √Õß≈ß¡“§◊Õª≈“À¡—°
®“°À—«ª≈“¢“« (Merlangus merlangus)  ¡Õß·≈–µ“
ª≈“§ÁÕ¥ (Gadus morhua) µ“ª≈“©≈“¡ ’πÈ”‡ß‘π (Prio-

nance glauca) ·≈–µ“ª≈“¢“«   ‚¥¬¡’§à“‡∑à“°—∫ 46.5,

39.0,  18.2,  5.7 ·≈– 5.5 µ“¡≈”¥—∫ (Tocher et al.,

1997)   ∂÷ß·¡â«à“ª≈“À¡—°∑’Ë‡µ√’¬¡‰¥â¡’‰¢¡—π„π√–¥—∫∑’Ë Ÿß
·µà‰¢¡—π∑—ÈßÀ¡¥°Á¡’Õß§åª√–°Õ∫¢Õß  docosahexaenoic

acid (DHA) ·≈–Õ—µ√“ à«π¢Õß DHA : EPA (ecosa-

pentaenoic acid ; 20 : 5n-3) „π√–¥—∫ Ÿß‡™àπ°—π (3.5-

5.4)  à«πµ“ª≈“∑Ÿπà“¡’Õß§åª√–°Õ∫¢Õß‰µ√°≈’‡´Õ√å‰√¥å
„π√–¥—∫∑’Ë Ÿß (90.6% ¢Õß‰¢¡—π∑—ÈßÀ¡¥) ́ ÷Ëß¡’ª√– ‘∑∏‘¿“æ
„π°“√‡æ‘Ë¡ª√‘¡“≥¢Õß DHA  ª≈“À¡—°®“°µ“ª≈“∑Ÿπà“
µ“ª≈“©≈“¡ ·≈– ¡Õß°—∫µ“¢Õßª≈“§ÁÕ¥  “¡“√∂„™â‡ªìπ
Õ“À“√‡ √‘¡„Àâ°—∫‚√µ‘‡øÕ√å (Brachionus plicatilis) ·≈–
Õ“√å∑’‡¡’¬ (Artemia nauplii) ‡æ◊ËÕ‡æ‘Ë¡§ÿ≥§à“∑“ßÕ“À“√
·°àª≈“∑–‡≈«—¬ÕàÕπ  (Tocher et al., 1997) πÕ°®“°π’È
°“√„™â‚ª√µ’π‡À≈«®“°À—«°ÿâßÀ¡—°‚¥¬π”¡“∑”·Àâß·≈â«π”
‰ªº ¡°—∫¢ππ°ªÉπ «— ¥ÿ‡»…‡À≈◊Õ®“°‡ªì¥‰°àªÉπ À√◊Õ∂—Ë«
‡À≈◊ÕßªÉπ„πÕ—µ√“ à«π 85 :15  æ∫«à“  “¡“√∂„™â‡ªìπ
·À≈àß‚ª√µ’π‡ √‘¡ ”À√—∫ª≈“¥ÿ°‰¥â   (Fagbenro  and

Bello-Olusoji, 1997)  ·≈–¡’√“¬ß“π«à“‚ª√µ’π‡À≈«®“°
À—«°ÿâßÀ¡—°·≈–ª≈“À¡—° „™â‡ªìπÕ“À“√ ”À√—∫  ÿ°√ ‡ªì¥ ‰°à
·≈–¡‘ß§å (mink)  (Dong et al., 1993)

5.2 ªÿÜ¬ª≈“À¡—°
ªÿÜ¬ª≈“À¡—°®“°«— ¥ÿ‡»…‡À≈◊Õ‚√ßß“πª≈“

°√–ªÜÕß∑’Ëº≈‘µ‚¥¬„™â°√¥øÕ√å¡‘° 3.5%  °“°πÈ”µ“≈ 20%

‡¡◊ËÕ∑”°“√À¡—°‡ªìπ‡«≈“ 21 «—π  æ∫«à“ §ÿ≥¿“æ¢ÕßªÿÜ¬
ª≈“¢÷Èπ°—∫™π‘¥¢Õß«—µ∂ÿ¥‘∫·≈–°√–∫«π°“√À¡—°  ‡¡◊ËÕπ”
ªÿÜ¬ª≈“∑’Ë‰¥â¡“ª√—∫„Àâ¡’§à“æ’‡Õ™‡ªìπ°≈“ß °àÕππ”‰ª„™â

‡ªìπªÿÜ¬∑“ß„∫ ‚¥¬π”‰ªº ¡°—∫πÈ”„π —¥ à«πªÿÜ¬ª≈“ : πÈ”
‡∑à“°—∫ 1 : 50 À√◊Õ 1 : 100 ¢÷Èπ°—∫™π‘¥æ◊™ ¢âÕ¥’¢Õß
ªÿÜ¬ª≈“ πÕ°‡Àπ◊Õ®“°ª√‘¡“≥∏“µÿÕ“À“√∑’Ëæ◊™®–‰¥â√—∫·≈â«
‰¢¡—πª≈“∑’Ëµ‘¥¡“°—∫™‘Èπ à«πª≈“¬—ß∑”Àπâ“∑’Ë‡ªìπ “√®—∫„∫
™à«¬∑”„Àâ°“√„™âªÿÜ¬∑“ß„∫¡’ª√– ‘∑∏‘¿“æ¥’¬‘Ëß¢÷Èπ  ( ÿ√‘¬“,
2542)

‰§µ‘π·≈–Õπÿæ—π∏å¢Õß‰§µ‘π

‰§µ‘π‡ªìπæÕ≈‘‡¡Õ√å¢Õß N-acetyl-D-glucosamine

∑’Ë‡™◊ËÕ¡µàÕ°—∫ 2-acetoamino-D-glucose ¥â«¬æ—π∏– β-1,

4 glucosidic  ‰§µ‘π‡ªìπæÕ≈‘‡¡Õ√å™’«¿“æ∑’Ë§≈â“¬°—∫
‡´≈≈Ÿ‚≈  ‡ªìπÕß§åª√–°Õ∫Õ‘π∑√’¬å„π‚§√ß √â“ß¿“¬πÕ°
(exoskeleton) ¢Õß —µ«å∑–‡≈®”æ«°°ÿâß·≈–ªŸ ‚¥¬ª√‘¡“≥
¢Õß‰§µ‘π„π·µà≈– à«π¢Õß°ÿâß·≈–ªŸ  ¡’§à“Õ¬Ÿà„π™à«ß 11-

32 % (Table 4)  πÕ°®“°π’È¬—ßæ∫‰§µ‘π„πºπ—ß‡´≈≈å‡ÀÁ¥
√“ ¬’ µå ·≈–·¡≈ß  ‰§µ‘π‰¡à≈–≈“¬„ππÈ”·≈–µ—«∑”≈–≈“¬
Õ‘π∑√’¬å    à«π‰§‚µ·´π‡ªìπÕπÿæ—π∏å∑’Ë‡µ√’¬¡‰¥â®“°‰§µ‘π
‚¥¬°“√¥÷ßÀ¡Ÿà acetyl ¢Õß‰§µ‘πÕÕ° ¥—ßπ—Èπ ‰§‚µ·´π®÷ß
‡ªìπ‚§æÕ≈‘‡¡Õ√å∑’Ëª√–°Õ∫¥â«¬   β-(1→4)-2-acetamido-

D-glucose   ·≈–  β-(1→4)-2-amido-D-glucose

‚§√ß √â“ß· ¥ß¥—ß Figure 3 (Shahidi, 1994) ‰§‚µ·´π
 “¡“√∂≈–≈“¬‰¥â„π “√≈–≈“¬∑’Ë‡ªìπ°√¥ (Ilyina et al.,

2000 ; Jeon and Kim, 2000) °“√¬àÕ¬‰§‚µ·´π‡ªìπ
Õπÿæ—π∏å∑’Ë¡’‚¡‡≈°ÿ≈¢π“¥‡≈Á° À√◊Õ‰§‚µ‚Õ≈‘‚°·´§§“‰√¥å
(chitooligosaccharide) ‡ªìπ ‘Ëß ”§—≠  ‡π◊ËÕß®“°§ÿ≥ ¡∫—µ‘
‡™‘ßÀπâ“∑’Ë¢Õß‰§‚µ·´π·≈–Õπÿæ—π∏å¢Õß‰§‚µ·´π¢÷ÈπÕ¬Ÿà°—∫
¢π“¥‚¡‡≈°ÿ≈   ‚¡‡≈°ÿ≈¢π“¥‡≈Á°¡’§«“¡ “¡“√∂„π°“√

Table 4.  Chitin content from shrimp and crab

            Source         Chitin content (%)

Shrimp heads     11
Shrimp shells     27
Shrimp hull     24
Commercial shrimp waste  12-18
Snow crab - claws     24
Snow crab - legs     32

      Source : Subasinghe (1999)
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Figure 3. Chemical structures of chitin, chitosan and  N-acetyl-D-glucosamine

Source : Shahidi (1994)

≈–≈“¬„ππÈ”·≈–∫—ø‡øÕ√å‰¥â Ÿß°«à“ (Hirano and Nagao,

1989)

1. ¢âÕ¥’¢Õß°“√º≈‘µ‰§µ‘π·≈–Õπÿæ—π∏å¢Õß‰§µ‘π‚¥¬
«‘∏’∑“ß™’«¿“æ
°“√º≈‘µ‰§µ‘π‚¥¬„™â “√‡§¡’µâÕß„™â§à“„™â®à“¬ Ÿß

‡π◊ËÕß®“°„π°√–∫«π°“√º≈‘µµâÕß„™â°√¥·≈–¥à“ß„π°“√¬àÕ¬
‡æ◊ËÕ°”®—¥·§≈‡´’¬¡§“√å∫Õ‡πµ·≈–‚ª√µ’π µ“¡≈”¥—∫  “‡Àµÿ
∑’Ë∑”„Àâ°√–∫«π°“√º≈‘µ¡’§à“„™â®à“¬ Ÿß  ‡π◊ËÕß®“°µâÕß‡ ’¬
§à“„™â®à“¬‡æ‘Ë¡¢÷Èπ„π°“√°”®—¥πÈ”‡ ’¬∑’Ë‡°‘¥®“°°√–∫«π°“√
¬àÕ¬   à«π¢Õß‡À≈«∑’Ë‡°‘¥®“°°“√À¡—°‡ª≈◊Õ°°ÿâß‚¥¬„™â
·∫§∑’‡√’¬·≈§µ‘°¡’ª√‘¡“≥‚ª√µ’π Ÿß (44.83%) ¡’»—°¬¿“æ
„π°“√π”‰ª„™â‡ªìπÕ“À“√‡ √‘¡ ”À√—∫ —µ«å √«¡∑—Èß™à«¬≈¥
°“√∑”≈“¬ “√  astaxanthin  (√ß§«—µ∂ÿ´÷Ëß “¡“√∂„™â‡ªìπ
 “√‡√àß ’„πÕ“À“√ª≈“·´≈¡Õπ)  ´÷Ëß®—¥‡ªìπº≈‘µº≈æ≈Õ¬
‰¥â (by-product) ∑’Ë ”§—≠  ‡π◊ËÕß®“° ¿“«–∑’Ë„™â‰¡à√ÿπ·√ß
‡À¡◊Õπ°—∫°“√„™â°√¥·≈–¥à“ß (Zakaria et al., 1998)

°“√‡æ‘Ë¡§«“¡ “¡“√∂„π°“√≈–≈“¬¢Õß‰§µ‘π
 “¡“√∂∑”‰¥â‚¥¬‡ª≈’Ë¬π‰ª‡ªìπ‰§‚µ·´π‚¥¬Õ“»—¬ªØ‘°‘√‘¬“
deacetylation ´÷Ëß “¡“√∂∑”‰¥â‚¥¬°“√¬àÕ¬¥â«¬¥à“ßÀ√◊Õ

‡Õπ‰´¡å ‰¥â‡ªìπ‰§‚µ·´π∑’Ë¡’‚¡‡≈°ÿ≈¢π“¥‡≈Á° °“√‡ª≈’Ë¬π
‰§µ‘π‰ª‡ªìπ‰§‚µ·´π‚¥¬„™â¥à“ßµâÕß„™â ¿“«–„π°“√¬àÕ¬
∑’Ë√ÿπ·√ß®”‡ªìπµâÕß„™â NaOH À√◊Õ KOH ∑’Ë¡’§«“¡‡¢â¡
¢âπ Ÿß·≈–µâÕß„™âÕÿ≥À¿Ÿ¡‘ Ÿß „Àâº≈‘µº≈µË” ∑”„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß«ß·À«π¢Õß°≈Ÿ‚§   §«∫§ÿ¡°“√¬àÕ¬‰¥â¬“°
 àßº≈„Àâ‡°‘¥°“√°√–®“¬¢Õß¢π“¥‚¡‡≈°ÿ≈„π™à«ß∑’Ë°«â“ß
°“√¬àÕ¬‚¥¬„™â‡Õπ‰´¡å‡ªìπ∑’Ë¬Õ¡√—∫¡“°°«à“‡π◊ËÕß®“°∑”
°“√¬àÕ¬¿“¬„µâ ¿“«–∑’Ë‰¡à√ÿπ·√ß √«¡∑—Èß “¡“√∂§«∫§ÿ¡
√–¥—∫°“√¬àÕ¬·≈–¡’°“√°√–®“¬¢Õß¢π“¥º≈‘µ¿—≥±å∑’Ë¥’
°«à“ °“√„™â‡Õπ‰´¡å¡’º≈°√–∑∫µàÕ‚§√ß √â“ß∑“ß‡§¡’¢Õß
º≈‘µ¿—≥±åπâÕ¬°«à“°“√¬àÕ¬¥â«¬ “√‡§¡’ ·≈–‡ªìπ¡‘µ√°—∫
 ‘Ëß·«¥≈âÕ¡ (Ilyina et al., 2000)

2. ‡Õπ‰´¡å·≈–®ÿ≈‘π∑√’¬å∑’Ë¡’∫∑∫“∑ ”§—≠„π°“√º≈‘µ
‰§µ‘π·≈–Õπÿæ—π∏å¢Õß‰§µ‘π
2.1 ‡Õπ‰´¡å°≈ÿà¡‰§µ‘‚π‰≈µ‘°  (chitinolytic

enzyme) (Ilyina et al., 2000)

2.1.1 ‡Õπ‰´¡å‰§µ‘‡π  (chitinase)

2.1.2 ‡Õπ‰´¡å‰§‚µ´“‡π  (chitosanase)

2.1.3 N-acetylglucosaminase
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2.1.4 chitin deacetylase (Tsigos et al.,

2000)

2.2 ®ÿ≈‘π∑√’¬å
2.1.1 Streptomyces kurssanovii  ‡ªìπ

·∫§∑’‡√’¬∑’Ë¡’∫∑∫“∑¡“°∑’Ë ÿ¥„π°“√¬àÕ¬«— ¥ÿ‡»…‡À≈◊Õ
®“°‚√ßß“π·ª√√Ÿª°ÿâß·≈–ªŸ ‡ªìπ·∫§∑’‡√’¬·°√¡∫«°  √â“ß
‡ âπ„¬ Õ“»—¬Õ¬Ÿà„π¥‘π  “¡“√∂ √â“ß‡Õπ‰´¡å‰¥âÀ≈“¬™π‘¥
‡™àπ chitinase, chitosanase ·≈– N-acetylglucosa-

minase (Ilyina et al., 2000)

2.2.2 ·∫§∑’‡√’¬·≈§µ‘°  °“√À¡—°‚¥¬„™â
·∫§∑’‡√’¬·≈§µ‘°‡ªìπ«‘∏’°“√Àπ÷Ëß∑’Ë‡°Á∫‡°’Ë¬«‰§µ‘π·≈–º≈‘µ-
¿—≥±åÕ◊ËπÊ ®“°«— ¥ÿ‡»…‡À≈◊Õ¢Õß‚√ßß“π·ª√√Ÿª°ÿâß·≈–ªŸ
®—¥‡ªìπ«‘∏’°“√∑’Ëßà“¬‡π◊ËÕß®“°‰¡à®”‡ªìπµâÕß¡’°“√ÕÕ°·∫∫
·≈–°“√§—¥‡≈◊Õ°∂—ßÀ¡—° (Zakaria et al., 1998)

3. °“√º≈‘µ‰§µ‘π·≈–Õπÿæ—π∏å‰§µ‘π  ‚¥¬«‘∏’∑“ß
™’«¿“æ
Zakaria ·≈–§≥– (1998) º≈‘µ‰§µ‘π‚¥¬À¡—°

«— ¥ÿ‡»…‡À≈◊Õ®“°°ÿâß¡—ß°√  (Nephrops  norvegicus ;

Scampi)  ∑’Ë¡’°“√‡µ‘¡°≈Ÿ‚§ ‚¥¬„™â‡™◊ÈÕ Lactobacillus

paracasei  “¬æ—π∏ÿå A3 „π∂—ßÀ¡—°·∫∫À¡ÿπª√–°Õ∫
¥â«¬µ–·°√ßµ“¢à“¬«“ß„π·π«πÕπ  ¿“¬πÕ°Àÿâ¡¥â«¬·°â«
(Figure 4)  ‡µ‘¡‡ª≈◊Õ°°ÿâß∫¥≈ß¿“¬„π™àÕßµ–·°√ß·≈–
°«π‚¥¬§«∫§ÿ¡°“√À¡ÿπ¢Õßµ–·°√ß  À¡—°·∫∫ batch ∑’Ë
Õÿ≥À¿Ÿ¡‘ 30 oC ‡ªìπ‡«≈“ 5 «—π  æ∫«à“ À≈—ß®“° 48 ™—Ë«‚¡ß
æ’‡Õ™¢ÕßπÈ”À¡—°¡’§à“‡∑à“°—∫ 5.0 ·≈–¡’‡ªÕ√å‡´Áπµå°√¥

‡∑à“°—∫ 1.2 (w/v) ¿“¬„µâ ¿“«–π’È°“√≈–≈“¬¢Õß·§≈‡´’¬¡
®“°‡ª≈◊Õ°°ÿâß‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ‡¡◊ËÕ ‘Èπ ÿ¥°“√À¡—°æ∫«à“
„π à«π¢Õß¢Õß·¢Áßª√–°Õ∫¥â«¬‰§µ‘π 17.5% (πÈ”Àπ—°
·Àâß)  „π à«π¢Õß¢Õß‡À≈«´÷Ëß®—¥‡ªìπº≈‘µº≈æ≈Õ¬‰¥â¡’
ª√‘¡“≥‚ª√µ’π Ÿß (44.38%)  “¡“√∂π”‰ª„™â‡ªìπÕ“À“√
‡ √‘¡ ”À√—∫ —µ«å‰¥â

°“√„™â chitin  deacetylase   (CDA;  EC

3.5.1.41)  ”À√—∫°“√º≈‘µ‰§‚µ·´π·≈–‚Õ≈‘‚°‡¡Õ√å  ‡ªìπ
°“√‡æ‘Ë¡»—°¬¿“æ¢Õß°“√„™â‡Õπ‰´¡å´÷Ëß CDA ‡ªìπµ—«‡√àß
ªØ‘°‘√‘¬“°“√¬àÕ¬ ≈“¬æ—π∏– N-acetamido „π‰§µ‘π‡æ◊ËÕ
‡ª≈’Ë¬π‡ªìπ‰§‚µ·´π ¥—ß ¡°“√

    chitin +  H
2
O   

chitin deacetylase
   chitosan + CH

3
COOH

chitin deacetylase (CDA)   “¡“√∂æ∫‰¥â„π
‡ÀÁ¥ ·≈–√“ À≈“¬™π‘¥  §ÿ≥ ¡∫—µ‘∑’Ë ”§—≠¢Õß‡Õπ‰´¡å
· ¥ß¥—ß Table 5  ´÷Ëßæ∫«à“‡Õπ‰´¡å CDA ¡’§«“¡§ßµ—«
∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß  ‚¥¬¡’Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ°‘®°√√¡¢Õß
‡Õπ‰´¡å§◊Õ 50 oC ·≈–¡’§«“¡®”‡æ“– Ÿß°—∫‚æ≈‘‡¡Õ√å¢Õß
N-acetyl-D-glucosamine ∑’Ë‡™◊ËÕ¡°—π¥â«¬æ—π∏– β-(1,4)

∑’Ë “¡“√∂≈–≈“¬πÈ”‰¥â ´÷Ëß‡Õπ‰´¡å CDA ®“° Colletotri-

chum lindemuthianum ·≈– Aspergillus nidulans ¡’
§ÿ≥ ¡∫—µ‘∑’Ëπà“ π„® ”À√—∫°“√ª√–¬ÿ°µå„™â∑“ß‡∑§‚π‚≈¬’
™’«¿“æ    ‡π◊ËÕß®“°¡’§«“¡§ßµ—«∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß·≈–‰¡à∂Ÿ°
¬—∫¬—Èß‚¥¬Õ–´‘‡µ∑´÷Ëß‡ªìπº≈‘µ¿—≥±å∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“
deacetylation (Tsigos et al., 2000)

°“√º≈‘µ‰§‚µ‚Õ≈‘‚°·´§§“‰√¥å (chitooligo-

saccharides) ·∫∫µàÕ‡π◊ËÕß®“°‰§‚µ·´π ‚¥¬„™â√–∫∫∂—ß
À¡—°§Ÿà ª√–°Õ∫¥â«¬∂—ßªØ‘°√≥å‡¡¡‡∫√π∑’Ë°√Õß·∫∫Õ—≈µ√“
·≈–∂—ßªØ‘°√≥å§Õ≈—¡πå  ∑’Ë∫√√®ÿ‡Õπ‰´¡åµ√÷ß√Ÿª (Figure 5)

∑”°“√º≈‘µ‚¥¬„™â 2 ¢—ÈπµÕπ  ¢—ÈπµÕπ·√° ‡ªìπ°“√‡µ√’¬¡
‰§‚µ·´π∑’Ë∂Ÿ°¬àÕ¬∫“ß à«π®“° “√≈–≈“¬‰§‚µ·´π∑’ËÀπ◊¥
„π∂—ßªØ‘°√≥å§Õ≈—¡πå∑’Ë¡’‡Õπ‰´¡åµ√÷ß√Ÿª ¢—ÈπµÕπ∑’Ë 2 ‡ªìπ
°“√º≈‘µ‚Õ≈‘‚°·´§§“‰√¥å®“°‰§‚µ·´π∑’Ë∂Ÿ°¬àÕ¬∫“ß à«π
„π∂—ßªØ‘°√≥å‡¡¡‡∫√π∑’Ë°√Õß·∫∫Õ—≈µ√“ Õ—µ√“°“√‰À≈∑’Ë
‡À¡“– ¡¢Õß‰§‚µ·´π∑’Ë∂Ÿ°¬àÕ¬∫“ß à«π §◊Õ 5 ¡‘≈≈‘≈‘µ√
µàÕπ“∑’ ´÷Ëß‡ªìπÕ—µ√“°“√‰À≈∑’Ë∑”„Àâª√– ‘∑∏‘¿“æ„π°“√
¬àÕ¬¢Õß‡Õπ‰´¡å¥’∑’Ë ÿ¥·≈–¡’°“√µ‘¥§â“ß¢Õß —∫ ‡µ√∑°—∫

Figure 4. Rotating horizontal basket fermenter

(1) outer glass casing (2) basket (3) shaft

(4) gearbox (5) electric motor

Source : Zakaria et al. (1998)
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Figure 5. Schematic diagram of the dual reactor system used for continuous production of

chitooligosaccharides

Source :Jeon and Kim (2000)

Table 5.  Characteristics of chitin deacetylases from different sources

           Source

     Colletotrichum       Colletotrichum
                  lindemuthianum    lindemuthianum

     (ATCC 56676)        (DSM 63144)

Localization  Periplasm   Periplasm   Culture media      Culture media         Culture media
Molecular weight (kDa)    75 75 27  24 150
Isoelectric point      3 NA 2.75  NA  3-5
Optimum pH value      4.5   5.0 7.0  11.5  8.5
Optimum temp. (oC)    50 50       50  50  50
Acetate inhibition   Yes Yes No  No  No
Min. DP      3   3 2    2    2

    DP, minimum degree of polymerization of chitin oligomer required for catalyst; NA, not available

     Source : Tsigos et al. (2000)

Mucor   Absidia        Aspergillus
rouxii   coerulea       nidulans

‡¡¡‡∫√π (membrane fouling) πâÕ¬  ¿“¬„µâ ¿“«–
√–∫∫∂—ßÀ¡—°§Ÿà∑’Ë‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—πµ≈Õ¥
‡¡¡‡∫√π  (transmembrane pressure)  (Jeon and Kim,

2000)

Ilyina ·≈–§≥– (2000) º≈‘µ‰§‚µ·´π∑’Ë¡’πÈ”
Àπ—°‚¡‡≈°ÿ≈µË”∑’Ë “¡“√∂≈–≈“¬πÈ”‰¥â Ÿß ‚¥¬°“√µ√÷ß°≈ÿà¡

¢Õß‡Õπ‰´¡å∑’Ëº≈‘µ®“°‡™◊ÈÕ  Streptomyces kurssanovii

‚¥¬„™â‰§µ‘π‡ªìπµ—«æ¬ÿß ÷́Ëß‡ªìπ°“√µ√÷ß·∫∫¥Ÿ¥ —́∫∑“ß
°“¬¿“æ  (macroporous cross-linked chitin ; MPC-

chitin) µ—«æ¬ÿß¡’§«“¡®”‡æ“–°—∫‡Õπ‰´¡å chitinase 42

kDa ·≈– chitinase 26 kDa  ¿“«–∑’Ë‡À¡“– ¡„π°“√µ√÷ß
§◊Õ ™à«ßæ’‡Õ™ 5.1-7.8 ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ 5-22 oC ‚¥¬‰¡à¡’
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π—¬ ”§—≠„π°“√‡ª≈’Ë¬π·ª≈ß°“√®—∫°—π¢Õß‚ª√µ’π‚¥¬
MPC-chitin  „π¢≥–∑’Ëæ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘∑’ËµË”™à«¬‡æ‘Ë¡
°‘®°√√¡®”‡æ“–¢Õß‡Õπ‰´¡å·≈–™à«¬ªÑÕß°—π°“√∂Ÿ°¬—∫¬—Èß
°‘®°√√¡¢Õß‡Õπ‰´¡åÕ‘ √–  ªØ‘°‘√‘¬“°“√¬àÕ¬ª√–°Õ∫¥â«¬
2 ¢—ÈπµÕπ ¢—ÈπµÕπ·√°¬àÕ¬∑’Ëæ’‡Õ™ 4.6  ‰¥â‰§‚µ·´π¢π“¥
22-24 kDa ¡’§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ”µË” (5 ¡°./¡≈.)
‡¡◊ËÕºà“π°“√¬àÕ¬„π¢—ÈπµÕπ∑’Ë 2 (æ’‡Õ™ 6.2)  ‰§‚µ·´π¡’
¢π“¥ 2-9 kDa ·≈–¡’§ÿ≥ ¡∫—µ‘„π°“√≈–≈“¬πÈ”∑’Ë¥’ (100-

600 ¡°./¡≈.)  §«“¡Àπ◊¥¢Õß “√≈–≈“¬‰§‚µ·´π≈¥≈ß
Õ¬à“ß√«¥‡√Á«„π¢—ÈπµÕπ·√° (3 ™—Ë«‚¡ß·√°) ‡¡◊ËÕ‡¢â“ Ÿà¢—Èπ
µÕπ∑’Ë 2 §«“¡Àπ◊¥§àÕ¬Ê ≈¥≈ß  (0.5-2 ™—Ë«‚¡ßÀ≈—ß)
À≈—ß®“°°“√∑”´È” 80 §√—Èß æ∫«à“ ¡’°“√ Ÿ≠‡ ’¬°‘®°√√¡
¢Õß‡Õπ‰´¡å„π¢—ÈπµÕπ·√° 48%  ·≈–¢—ÈπµÕπ∑’Ë 2 ‡æ’¬ß
10% À≈—ß®“°‡ √Á® ‘Èπ°√–∫«π°“√ “¡“√∂π” MPC-chitin

°≈—∫¡“„™â„À¡à‰¥â «‘∏’π’È®÷ß “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π√–¥—∫
‚√ßß“πµàÕ‰ª

4. °“√ª√–¬ÿ°µå„™â‰§µ‘π·≈–Õπÿæ—π∏å
‡π◊ËÕß®“°‰§µ‘π·≈–Õπÿæ—π∏å¡’»—°¬¿“æ„π°“√„™â

ª√–‚¬™πå Ÿß ®÷ß¡’°“√„™âæÕ≈‘‡¡Õ√å™π‘¥π’È„π 200 °«à“ “¬
ß“π„π “¢“µà“ßÊ  “¡“√∂·∫àß‡ªìπ°≈ÿà¡‰¥â¥—ßπ’È

4.1 ¥â“π°“√‡°…µ√
Brzeski (1987) „™â‰§‚µ·´π‡§≈◊Õ∫‡¡≈Á¥

¢â“« “≈’‡æ◊ËÕªÑÕß°—π‡™◊ÈÕ√“  ∑”„Àâº≈º≈‘µ‡æ‘Ë¡¢÷Èπ®“°‡¥‘¡
20% °“√æàπ “√≈–≈“¬‰§‚µ·´π„Àâ°—∫º≈‰¡â°àÕπ°“√‡°Á∫
‡°’Ë¬«®”π«π 2 §√—Èß  ∑’Ë§«“¡‡¢â¡¢âπ 6 °√—¡/≈‘µ√ ®–™à«¬
ªÑÕß°—πº≈‰¡â®“°‡™◊ÈÕ√“  ·≈–™à«¬√—°…“§ÿ≥¿“æ¢Õßº≈‰¡â
À≈—ß°“√‡°Á∫‡°’Ë¬« (Reddy et al., 2000)

Austin ·≈–§≥– (1981) „™â‰§µ‘π‡ªìπ
 à«πº ¡ ”À√—∫‡≈’È¬ß‰°à„πÕ—µ√“ 2% º ¡°—∫À“ßπ¡ 20%

„πÕ“À“√ ”À√—∫‡≈’È¬ß‰°à æ∫«à“À≈—ß®“° 46 «—π ‰°à∑’Ë°‘π
Õ“À“√º ¡‰§µ‘π·≈–À“ßπ¡¡’πÈ”Àπ—°‡æ‘Ë¡¢÷Èπ¡“°∑’Ë ÿ¥
·≈–¡’√“¬ß“π«à“‰§µ‘π “¡“√∂°√–µÿâπ°“√¬àÕ¬·≈§‚µ „π
≈”‰ â —µ«å ́ ÷Ëß®–™à«¬‡æ‘Ë¡·∫§∑’‡√’¬∑’Ë¡’ª√–‚¬™πå„π≈”‰ â —µ«å
(Subasinghe, 1999)

4.2 ¥â“π°“√·æ∑¬å·≈–‡¿ —™«‘∑¬“
ß“π«‘®—¬‡°’Ë¬«°—∫°“√„™âª√–‚¬™πå‰§µ‘π·≈–

Õπÿæ—π∏å¢Õß‰§µ‘π„πº≈‘µ¿—≥±å∑’Ë¡’æ◊Èπ∞“π¡“®“° “√∑’Ë
‡ªìπ¬“∑“ß™’«¿“æ (biomedical) ¡’¥—ßπ’È (Subasinghe,

1999)

‰§µ‘π - „™â„π°“√√—°…“·º≈  ‡ªìπµ—«º ¡
°—∫¬“∑”„Àâ‡°‘¥°“√ª≈¥ª≈àÕ¬¢Õß¬“‡°‘¥¢÷ÈπÕ¬à“ß™â“Ê „π
‡π◊ÈÕ‡¬◊ËÕ —µ«å ·≈–‡ªìπµ—«π”æ“ “√∑’Ë„™â‡ªìπ¬“‰ª¬—ßÕ«—¬«–∑’Ë
®”‡æ“–„π —µ«å

‰§‚µ·´π -  „™â„π°“√≈¥πÈ”Àπ—°  ·≈–
æ∫«à“‰§‚µ·´π®–®—∫‰¢¡—π„π°√–‡æ“–  ™à«¬ªÑÕß°—π‰¡à„Àâ
√à“ß°“¬¥Ÿ¥´—∫‰¢¡—π‡¢â“ Ÿà√–∫∫°“√¬àÕ¬  ∑”„Àâ√à“ß°“¬‰¡à
 “¡“√∂π”‰ª„™â‰¥â  ™à«¬°¥√–¥—∫§≈Õ‡√ ‡µÕ√Õ≈„π´’√—¡
„™â„π°“√√—°…“·º≈  ‡ªìπ “√µàÕµâ“π‡™◊ÈÕ√“  ‡ªìπ “√°¥
ª√– “∑

O-Carboxymethylchitin ·≈– O-hy-

droxypropylchitosan „™â‡ªìπ à«πº ¡¢Õß‡§√◊ËÕß ”Õ“ß§å
·≈–‡ªìπÕß§åª√–°Õ∫¢Õß‚§√ß √â“ß‰≈‚æ‚´¡ (liposomes)

N-Acetylchitohexasaccharide- ‡ªìπ “√
µàÕµâ“π‡π◊ÈÕßÕ°

4.3 ¥â“πÕÿµ “À°√√¡Õ“À“√
4.3.1 ‰§µ‘π·≈–‰§‚µ·´π¡’§ÿ≥ ¡∫—µ‘‡™‘ß

Àπâ“∑’Ë ”§—≠À≈“¬ª√–°“√  Õ—π‡°‘¥®“°§ÿ≥ ¡∫—µ‘æ◊Èπ∞“π
¥—ßµàÕ‰ªπ’È (Knorr, 1984)

- §ÿ≥ ¡∫—µ‘°“√∑”ªØ‘°‘√‘¬“√–À«à“ß
‡ø 
‰§µ‘π¡’§ÿ≥ ¡∫—µ‘°“√®—∫°—∫‰¢¡—π

 Ÿß°«à“‰§‚µ·´π  ·≈–æ∫«à“‰§µ‘π„π√Ÿªº≈÷°¢π“¥‡≈Á°¡’
§ÿ≥ ¡∫—µ‘°“√‡ªìπ “√∑’Ë°àÕ„Àâ‡°‘¥Õ‘¡—≈™—π (emulsifier) ¥’
°«à“‡´≈≈Ÿ‚≈ „π√Ÿªº≈÷°¢π“¥‡≈Á° (Knorr, 1982)

- §ÿ≥ ¡∫—µ‘°“√∑”ªØ‘°‘√‘¬“√–À«à“ß
‚¡‡≈°ÿ≈
§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠¢Õß‰§‚µ·´π§◊Õ

°“√‡°‘¥·ºàπøî≈å¡À√◊Õ‡¬◊ËÕ„¬   “¡“√∂π”¡“¢÷Èπ√Ÿª∫π·ºàπ
æ≈“ µ‘°™π‘¥æÕ≈‘‡Õ∑∏‘≈’πÀ√◊Õ·ºàπ·°â« ÷́Ëß “¡“√∂„™âÀàÕ
Àÿâ¡Õ“À“√‰¥â (Averbach, 1978)

- §ÿ≥ ¡∫—µ‘°“√„Àâ°≈‘Ëπ√ °—∫º≈‘µ-
¿—≥±åÕ“À“√
∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß (305-900 oC) ‰§µ‘π

®–‡ª≈’Ë¬π‡ªìπ “√‰æ√“´’π (pyrazines) Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ
™à«¬‡æ‘Ë¡ª√‘¡“≥·≈–™π‘¥¢Õß‰æ√“ ’́π ¡’º≈„Àâ°≈‘ËπÀÕ¡
À«“π‡æ‘Ë¡¢÷Èπ (Knorr, 1984)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 24 ©∫—∫∑’Ë 2 ‡¡.¬.-¡‘.¬. 2545
º≈‘µ¿—≥±å®“°°“√·ª√ ¿“æ«— ¥ÿ‡»…‡À≈◊Õ‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈

«“√‘∑  À¡—¥À¡“π ·≈– æŸπ ÿ¢  ª√–‡ √‘∞ √√æå353

- §ÿ≥ ¡∫—µ‘‡ªìπ “√≈¥·√ßµ÷ßº‘«
Knorr (1982) º≈‘µ¢π¡ªíß‚¥¬

„™â·ªÑß∑’Ë¡’ à«πº ¡¢Õß‚ª√µ’π®“°¡—πΩ√—Ëßª√‘¡“≥ 8%

æ√âÕ¡°—∫‡µ‘¡‰§µ‘π„π√Ÿªº≈÷°¢π“¥‡≈Á° æ∫«à“ ‡¡◊ËÕ‰§µ‘π
¡“°¢÷Èπ ª√‘¡“µ√®”‡æ“– (specific loaf volume) ¡“°¢÷Èπ
‡π◊ËÕß®“°§ÿ≥ ¡∫—µ‘°“√‡ªìπ “√≈¥·√ßµ÷ßº‘«¢Õß‰§µ‘π

4.3.2 ªÑÕß°—π°“√‡πà“‡ ’¬¢ÕßÕ“À“√·≈–≈¥
ª√‘¡“≥ “√∑’Ë‰¡àµâÕß°“√„πÕ“À“√
®“°°“√»÷°…“¢Õß Roller  ·≈–

Covill (2000) æ∫«à“ °“√„™â‰§‚µ·´π 3 °√—¡/≈‘µ√ √à«¡
°—∫°√¥Õ–´‘µ‘° (0.16%) ™à«¬¬—∫¬—Èß°“√‡®√‘≠¢Õß Salmo-

nella enteritidis,   Zygosaccharomyces bailii  „π
¡“¬Õß‡π ·≈–‰§‚µ·´π∑’Ëºà“π°“√¬àÕ¬‚¥¬ªØ‘°‘√‘¬“
ÕÕ°´‘‡¥™—π-√’¥—°™—π ¡’§ÿ≥ ¡∫—µ‘„π°“√¬—∫¬—Èß¬’ µå∑’Ë∑”„Àâ
‡°‘¥°“√‡πà“‡ ’¬‰¥â (Rhoades and Roller, 2000) ‰§‚µ-
·´π∑’Ë§«“¡‡¢â¡¢âπ 0.0075 - 0.01% ¡’°‘®°√√¡°“√¬—∫¬—Èß
·∫§∑’‡√’¬À≈“¬™π‘¥„π°ÿâß ¬°‡«âπ·∫§∑’‡√’¬„π°≈ÿà¡ Pseu-

domonads ∑’ËµâÕß„™â§«“¡‡¢â¡¢âπ 0.1%  (Simpson et al.,

1997)  °≈‰°°“√¬—∫¬—Èß·∫§∑’‡√’¬¢Õß‰§‚µ·´π‡°’Ë¬«¢âÕß
°—∫°“√‡™◊ËÕ¡‰¢«â√–À«à“ßª√–®ÿ∫«°¢Õß‰§‚µ·´π°—∫ª√–®ÿ
≈∫¢Õßºπ—ß‡´≈≈å·∫§∑’‡√’¬´÷Ëß®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å (Tsai and Su, 1999) πÕ°®“°π’È¬—ß¡’
°“√„™â‰§‚µ·´π‡æ◊ËÕ≈¥ “√∑’Ë‰¡àµâÕß°“√∫“ß™π‘¥„πÕ“À“√
‡™àπ ·∑ππ‘π (Knorr, 1984)

4.4 ¥â“π ‘Ëß·«¥≈âÕ¡
‰§‚µ·´π “¡“√∂„™â„π°“√∫”∫—¥πÈ”‡ ’¬‚¥¬

Õ“»—¬°“√∑”ªØ‘°‘√‘¬“∑“ß‰øøÑ“√–À«à“ß‰§‚µ·´π ´÷Ëß¡’
ª√–®ÿ∫«°¢Õß°≈ÿà¡  NH+

3
  °—∫ª√–®ÿ≈∫¢Õß COO- À√◊Õ

SO-

3
 ¢Õß‚ª√µ’π À√◊Õ “√Õ◊ËπÊ ‡™àπ Õ—≈®‘‡π∑ §“√“®’·ππ

·≈–‡æ§µ‘π  ∑”„Àâ‡°‘¥‡ªìπ “√ª√–°Õ∫‚æ≈‘‡¡Õ√å‡™‘ß´âÕπ
®“°§ÿ≥ ¡∫—µ‘π’È∑”„Àâ‰§‚µ·´π “¡“√∂µ°µ–°Õπ‚ª√µ’π
∑’Ë·¢«π≈Õ¬„ππÈ”‡ ’¬ ·≈–πÈ”∑‘Èß®“°‚√ßß“π‰¥â (Torres

et al., 2000)  πÕ°®“°π’È‰§‚µ·´π¬—ß “¡“√∂„™â„π°“√
°”®—¥æ«°‚≈À– ‡™àπ  ª√Õ∑  ·§¥‡¡’Ë¬¡   —ß°– ’  π‘°‡°‘≈
‚§√‡¡’¬¡ ∑Õß·¥ß  ‚¥¬°≈‰°°“√√«¡µ—«‡ªìπ “√ª√–°Õ∫
‡™‘ß´âÕπ (Skaugrud, 1989)

4.5 ¥â“π‡∑§‚π‚≈¬’™’«¿“æ
4.5.1 „™âµ√÷ß‡´≈≈å·≈–‡Õπ‰´¡å

Xianzhen (1996) „™â‰§‚µ·´π„π
°“√‡æ‘Ë¡§«“¡§ßµ—«¢Õß·§≈‡´’¬¡Õ—≈®‘‡π∑‚¥¬°“√À¬¥Õ—≈-
®‘‡π∑‰ª¬—ß‰§‚µ·´π‡æ◊ËÕ„Àâ‡°‘¥ polyelectrolyte  com-

plexes  ”À√—∫„™â„π°“√µ√÷ß‡´≈≈å¬’ µå Saccharomyces

cerevisiae ‡æ◊ËÕ„™â„π°“√º≈‘µ‡Õ∑∏“πÕ≈ æ∫«à“ º≈‘µ‡Õ∑-
∏“πÕ≈‰¥â Ÿß ÿ¥ ‡∑à“°—∫ 74.1 °√—¡¢Õß‡Õ∑∏“πÕ≈/™—Ë«‚¡ß/
°√—¡¢Õß‡¡Á¥‡®≈∑’Ëæ’‡Õ™ 4.8-6.0 Õÿ≥À¿Ÿ¡‘ 30 oC

Spagna ·≈–§≥– (2001) „™â‰§‚µ-
·´π√à«¡°—∫ diethylaminoethyl (DE-chitosan) „π°“√
µ√÷ß‡Õπ‰´¡å alpha -L-rhamnopyranosidase (Rha, EC

3.2.1.40) ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë™à«¬ª√—∫ª√ÿß °≈‘Ëπ√ ¢Õß‰«πå
πÈ”º≈‰¡â ·≈–‡§√◊ËÕß¥◊Ë¡Õ◊ËπÊ ‡æ◊ËÕª√–¬ÿ°µå„™â„π°“√º≈‘µ
‰«πå„π√–¥—∫Õÿµ “À°√√¡ ‡Õπ‰´¡å Rha ∂Ÿ°¥Ÿ¥´—∫°—∫ DE-

chitosan ´÷Ëß®–™à«¬√—°…“§à“®≈πæ≈»“ µ√å¢Õß‡Õπ‰´¡å
(Km, Vmax) ·≈–§«“¡§ßµ—«¢Õß‡Õπ‰´¡å

4.5.2 „™âº≈‘µ‚ª√µ’π‡´≈≈å‡¥’¬«
‰§µ‘π “¡“√∂„™â‡ªìπ·À≈àß«—µ∂ÿ¥‘∫

„π°“√º≈‘µ‚ª√µ’π‡´≈≈å‡¥’¬«®“°®ÿ≈‘π∑√’¬å  ®“°°“√»÷°…“
¢Õß Ravah-Moiseev ·≈– Carroad (1981) æ∫«à“ ‡´≈≈å
¬’ µå Pichia kudriavzevii  “¡“√∂‚µ‰¥â¥’‡¡◊ËÕ„™â‰§µ‘π
‡ªìπ “√µ—Èßµâπ„π°“√º≈‘µ‚ª√µ’π‡´≈≈å‡¥’¬«

4.6 ¥â“πÕÿµ “À°√√¡ ‘Ëß∑Õ·≈–°√–¥“…
ªí®®ÿ∫—π°“√„™â‰§µ‘π/‰§‚µ·´πº ¡„π‡ âπ„¬

‡æ◊ËÕæ—≤π“‡ ◊ÈÕºâ“·≈– ‘Ëß∑Õ∑’Ë “¡“√∂ªÑÕß°—π·≈–µâ“π∑“π
‡™◊ÈÕ‚√§‰¥â   ∂◊Õ«à“‡ªìπ‡∑§‚π‚≈¬’„À¡à„πÕπ“§µÕ—π„°≈âπ’È
πÕ°®“°π’È‰§µ‘π/‰§‚µ·´π ¬—ß¡’§ÿ≥ ¡∫—µ‘∑’Ë‚¥¥‡¥àπ„π°“√
‡ √‘¡ √â“ß§«“¡‡Àπ’¬«·≈–·¢Áß·√ß„Àâ°—∫‡ âπ„¬·≈–   ‡¬◊ËÕ
°√–¥“…   ´÷Ëß “¡“√∂π”¡“„™â‡æ◊ËÕ‡æ‘Ë¡§ÿ≥¿“æ„Àâ·°à
°√–¥“…·≈–æ—≤π“º≈‘µ¿—≥±å™π‘¥æ‘‡»…‡æ◊ËÕ„™â„π¥â“π
°“√æ‘¡æå¥â«¬‡∑§‚π‚≈¬’„À¡àÊ ∑’Ë∑—π ¡—¬ ( ÿ«≈’, 2544)

 √ÿª

Õÿµ “À°√√¡·ª√√ŸªÕ“À“√∑–‡≈¢Õß‰∑¬¡’·π«‚πâ¡
¢¬“¬µ—«‡æ‘Ë¡¡“°¢÷Èπ∑ÿ°ªï  àßº≈„Àâ«— ¥ÿ‡»…‡À≈◊Õ®“°°“√
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·ª√√Ÿª‡æ‘Ë¡¢÷Èπµ“¡≈”¥—∫  «— ¥ÿ‡»…‡À≈◊Õ®“°ª≈“·≈–°ÿâß
 “¡“√∂π”¡“·ª√ ¿“æ‡ªìπº≈‘µ¿—≥±å¡Ÿ≈§à“‡æ‘Ë¡‰¥â‚¥¬
°“√º≈‘µ‡ªìπ‚ª√µ’π‰Œ‚¥√‰≈‡ ∑ ª≈“À¡—°À√◊ÕÀ—«°ÿâßÀ¡—°
·≈–°“√º≈‘µ‰§µ‘π·≈–‰§‚µ·´π  °“√º≈‘µ‚ª√µ’π‰Œ‚¥√-
‰≈‡ ∑‚¥¬„™â‡Õπ‰´¡å‚ª√µ‘‡Õ  ®”‡ªìπµâÕß‡≈◊Õ°„™â‡Õπ‰´¡å
∑’Ë‡À¡“– ¡°—∫«—µ∂ÿ¥‘∫·≈–®”‡ªìπµâÕß§«∫§ÿ¡ªí®®—¬„π
°√–∫«π°“√º≈‘µ‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±å∑’ËµâÕß°“√π”‰ª
ª√–¬ÿ°µå„™â ‡™àπ °“√º≈‘µ‡ªìπ‡ªª‚µπ ´÷Ëß¡’°“√º≈‘µ„π∑“ß
°“√§â“„πª√–‡∑»≠’ËªÿÉπ·≈–πÕ√å‡«¬å  °“√„™â‰Œ‚¥√‰≈‡ ∑
∑¥·∑π‡§´’π„πÕ“À“√ —µ«å´÷Ëß®–™à«¬≈¥µâπ∑ÿπ„π°“√º≈‘µ
Õ“À“√ —µ«å  °“√º≈‘µª≈“À¡—°‚¥¬„™â·∫§∑’‡√’¬·≈§µ‘°®–
™à«¬„π°“√°”®—¥°≈‘Ëπ§“«ª≈“·≈– “¡“√∂„™â‡ªìπ‚ª√-
‰∫‚Õµ‘°´÷Ëß “¡“√∂¬—∫¬—Èß‡™◊ÈÕ°àÕ‚√§„π —µ«åªï°‰¥â  „π°“√
º≈‘µÕ“À“√ —µ«å “¡“√∂„™âª≈“À¡—°∑¥·∑πª≈“ªÉπ´÷Ëß¡’
√“§“ Ÿß‰¥âª√–¡“≥ 50% ·≈–°“√º≈‘µªÿÜ¬ª≈“´÷Ëß‡°…µ√°√
 “¡“√∂º≈‘µ‰«â„™â‡Õß‰¥â  ‡À¡“– ”À√—∫„™â‡ªìπªÿÜ¬∑“ß„∫
ªí®®ÿ∫—π„πª√–‡∑»‰∑¬¡’°“√º≈‘µªÿÜ¬ª≈“·≈–‰§‚µ·´π„π
∑“ß°“√§â“ °“√º≈‘µ‰§‚µ·´π‚¥¬„™â chitinolytic enzyme

 “¡“√∂º≈‘µ‰§‚µ·´π∑’Ë¡’‚¡‡≈°ÿ≈¢π“¥‡≈Á°´÷Ëß™à«¬‡æ‘Ë¡
§«“¡ “¡“√∂„π°“√≈–≈“¬     ‡À¡“– ”À√—∫°“√π”‰ª
ª√–¬ÿ°µå„™â∑“ß¥â“π°“√·æ∑¬å·≈–°“√‡°…µ√  ªí®®ÿ∫—π‰¥â
¡’°“√æ—≤π“º≈‘µ¿—≥±å¡Ÿ≈§à“‡æ‘Ë¡®“°‰§µ‘π/‰§‚µ·´πÕÕ°
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