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Abstract
Jeamjounkhaw, P., H-Kittikun, A. and Cheirsilp, B.
Optimization of lipase entrapment in alginate gel bead for palm olein hydrolysis
Songklanakarin J. Sci. Technol., May 2007, 29(Suppl. 2) : 261-267

Lipase from Pseudomonas sp. was entrapped by drop-wise addition of an aqueous mixture of alginate
and the biocatalyst to hardening solution of CaCl2 for the purpose of palm olein hydrolysis. Effects of
immobilization conditions including alginate concentration, CaCl2 concentration, enzyme concentration and
bead size on immobilized yield, immobilized lipase activity and recovery of activity (specific activity ratio of
entrapped lipase to free lipase) were investigated. An increase in alginate concentration raised immobilized
yield, but decreased immobilized lipase activity and recovery of activity. CaCl2 concentration in the tested
range of 50-200 mM had slight effects on immobilized yield, immobilized lipase activity and recovery of
activity. In contrast to immobilized lipase activity, immobilized yield and recovery of activity decreased with
increasing enzyme concentration. With increasing bead size, immobilized lipase activity and recovery of
activity decreased due to mass transfer resistance whereas immobilized yield was unchanged. The optimum
condition for lipase entrapment in alginate gel bead was alginate concentration at 2% (w/v), CaCl2 con-
centration at 100 mM, enzyme concentration at 30 U/ml and bead size at 2 mm. Under this entrapment
condition, 8.11 U/ml of immobilized lipase was obtained with 95.2% of immobilized yield and 22.2% of
recovery of activity.

Key words : alginate, entrapment, immobilization, lipase, Pseudomonas sp.
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‡Õπ‰´¡å‰≈‡ª ®“°‡™◊ÈÕ Pseudomonas sp. ∂Ÿ°µ√÷ß√Ÿª¥â«¬«‘∏’ÀàÕÀÿâ¡‚¥¬À¬¥ “√º ¡¢ÕßÕ—≈®‘‡πµ·≈–‡Õπ‰´¡å

≈ß„π “√∑”„Àâ·¢Áßµ—« CaCl
2
 ‡æ◊ËÕ„™â„π°“√¬àÕ¬πÈ”¡—πª“≈å¡‚Õ‡≈Õ’π   ¿“«–„π°“√µ√÷ß√Ÿª∑’Ë»÷°…“§◊Õ §«“¡‡¢â¡¢âπ

¢ÕßÕ—≈®‘‡πµ §«“¡‡¢â¡¢âπ¢Õß CaCl
2
 §«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å‰≈‡ª  ·≈–¢π“¥¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª ‚¥¬§—¥‡≈◊Õ°

®“°§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– (%) §à“°‘®°√√¡‡Õπ‰´¡åµ√÷ß√Ÿª ·≈–°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“– (%)  º≈®“°

°“√∑¥≈Õßæ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ®–∑”„Àâ§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–‡æ‘Ë¡¢÷Èπ   ·µà§à“°‘®°√√¡

‡Õπ‰´¡åµ√÷ß√Ÿª ·≈–°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“–≈¥≈ß  ”À√—∫º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß CaCl
2
 „π™à«ß 50-200

¡‘≈≈‘‚¡≈“√å  ¡’º≈‡≈Á°πâÕ¬µàÕ§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–  §à“°‘®°√√¡‡Õπ‰´¡åµ√÷ß√Ÿª·≈–°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√

¬÷¥‡°“– °“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ‡Õπ‰´¡å∑”„Àâ§à“°‘®°√√¡‡Õπ‰´¡åµ√÷ß√Ÿª‡æ‘Ë¡¢÷Èπ ·µà§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–·≈–

§à“°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“–≈¥≈ß ¢π“¥¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª∑’Ë„À≠à¢÷Èπ®– àßº≈„Àâ§à“°‘®°√√¡‡Õπ‰´¡åµ√÷ß√Ÿª

·≈–°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“–≈¥≈ß ‡π◊ËÕß®“°¢π“¥¡’º≈µàÕ§«“¡µâ“π∑“π°“√·æ√à ·µà§à“ª√– ‘∑∏‘¿“æ°“√

¬÷¥‡°“–‰¡à‡ª≈’Ë¬π·ª≈ß   ¿“«–∑’Ë‡À¡“– ¡„π°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ¥â«¬Õ—≈®‘‡πµ§◊Õ §«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ 2

%(πÈ”Àπ—°/ª√‘¡“µ√) §«“¡‡¢â¡¢âπ¢Õß CaCl
2
 100 ¡‘≈≈‘‚¡≈“√å §«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å‰≈‡ª  30 ¬Ÿπ‘µ/¡≈. ·≈–

¢π“¥¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª 2 ¡¡. ´÷Ëß®–∑”„Àâ‰¥â§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– 95.2% §à“°‘®°√√¡‡Õπ‰´¡åµ√÷ß√Ÿª 8.11

¬Ÿπ‘µ/¡≈. ·≈–§à“°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“– 22.2%

ªí®®ÿ∫—π‡Õπ‰´¡å‰≈‡ª ‰¥â√—∫§«“¡ π„®·≈–‰¥â¡’°“√
»÷°…“°—πÕ¬à“ß°«â“ß¢«“ß‡æ◊ËÕπ”¡“„™â„πÕÿµ “À°√√¡πÈ”¡—π
‡æ√“–°“√„™â‡Õπ‰´¡å¡’¢âÕ‰¥â‡ª√’¬∫À≈“¬ª√–°“√‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫°√√¡«‘∏’°“√¬àÕ¬ ≈“¬∑“ß‡§¡’ øî ‘° å §◊Õ ªØ‘°‘√‘¬“
‰¡à√ÿπ·√ß ‡°‘¥‰¥â∑’Ë§«“¡¥—π∫√√¬“°“» Õÿ≥À¿Ÿ¡‘ 30-50oC
(Yamane et al., 1986) „™â¢π“¥¢Õß∂—ßªØ‘°√≥å‡≈Á°°«à“
∑”„Àâª√–À¬—¥æ≈—ßß“π ªØ‘°‘√‘¬“¡’§«“¡®”‡æ“– Ÿß ‡°‘¥¢Õß
‡ ’¬·≈–«— ¥ÿ‡À≈◊Õ∑‘ÈßπâÕ¬ (Borncheuer and Yamane,
1994; Kosuki et al., 1995) ·µà°Á¡’¢âÕ®”°—¥„π¥â“π√“§“
§«“¡§ßµ—«¢Õß‡Õπ‰´¡å √Ÿª·∫∫°“√„™â¡’≈—°…≥–‰¡àµàÕ‡π◊ËÕß
°“√·¬°‡Õπ‰´¡åÕÕ°®“°º≈‘µ¿—≥±å∑”‰¥â¬“° (ª√“≥’, 2547)
µ≈Õ¥√–¬–‡«≈“ 10 ªï∑’Ëºà“π¡“°“√»÷°…“‡°’Ë¬«°—∫°“√µ√÷ß√Ÿª
‡Õπ‰´¡å‰¥âæ—≤π“°â“«Àπâ“‰ª¡“° °“√µ√÷ß√Ÿª‡Õπ‰´¡å‰≈‡ª 
®÷ß‡ªìπ«‘∏’Àπ÷Ëß‡æ◊ËÕ·°âªí≠À“¢âÕ®”°—¥„π°“√„™â‡Õπ‰´¡åÕ‘ √–
¥—ß°≈à“« ‡π◊ËÕß®“°‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª “¡“√∂∑”ªØ‘°‘√‘¬“
‰¥â∑—π∑’·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï ‚¥¬‡æ’¬ß·µà·¬°‡Õ“‡Õπ‰´¡åµ√÷ß√Ÿª
ÕÕ°¡“ ∑”„Àâ¡’§«“¡§≈àÕßµ—«„π°“√º≈‘µ  “¡“√∂„™â‰¥â∑—Èß„π
°“√º≈‘µ·∫∫°–À√◊Õ·∫∫µàÕ‡π◊ËÕß ·≈– “¡“√∂ª√—∫°“√º≈‘µ

„Àâ‡À¡“– ¡‰¥âµ“¡µâÕß°“√  πÕ°®“°π’È‡Õπ‰´¡åµ√÷ß√Ÿª¬—ß¡’
§«“¡§ßµ—«µàÕÕÿ≥À¿Ÿ¡‘·≈–æ’‡Õ™∑’Ë‡ª≈’Ë¬π·ª≈ß‰¥â¥’°«à“
‡Õπ‰´¡åÕ‘ √–  ·≈–¬—ß “¡“√∂π”‡Õπ‰´¡å°≈—∫¡“„™â„À¡à‰¥â
®÷ß‡ªìπ°“√≈¥µâπ∑ÿπ°“√º≈‘µ≈ß (Kaewthong et al., 2004)
·µàÕ¬à“ß‰√°Áµ“¡º≈°√–∑∫¢Õß°“√µ√÷ß√Ÿª‡Õπ‰´¡å°ÁÕ“®¡’‰¥â
‡™àπ °‘®°√√¡¢Õß‡Õπ‰´¡åÕ“®≈¥≈ß‡π◊ËÕß®“°‚§√ß √â“ß “¡
¡‘µ‘∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª  ‡°‘¥ªí≠À“‡√◊ËÕß°“√∂à“¬‡∑¡«≈ “√
(mass transfer) ªí≠À“°“√ªπ‡ªóôÕπ‡π◊ËÕß®“°µ—«æ¬ÿßÀ√◊Õ
µ—«æ¬ÿß∑”ªØ‘°‘√‘¬“°—∫º≈º≈‘µ

°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ·∫∫ÀàÕÀÿâ¡ ‡ªìπ«‘∏’Àπ÷Ëß∑’Ë‰¥â
√—∫§«“¡π‘¬¡‡π◊ËÕß®“°°“√µ√÷ß¥â«¬«‘∏’π’È‡ªìπ«‘∏’∑’Ëßà“¬·≈–‰¡à
∑”„Àâ‚§√ß √â“ß “¡¡‘µ‘¢Õß‡Õπ‰´¡å‡ª≈’Ë¬π·ª≈ß ‚¥¬‡Õπ‰´¡å
‰¡à‰¥â∂Ÿ°¬÷¥®—∫°—∫µ—«æ¬ÿß·µà∂Ÿ°‡°Á∫‰«â¿“¬„π™àÕß«à“ß¢Õß
æÕ≈‘‡¡Õ√å ∑”„Àâ‡Õπ‰´¡å “¡“√∂∑”ß“π‰¥â¥’ (Zorica et al.,
2002)  ·≈–∂â“æÕ≈‘‡¡Õ√å∑’Ëπ”¡“„™â„π°√–∫«π°“√π—Èπ‡ªìπ
æÕ≈‘‡¡Õ√å∑’Ë¡’πÈ”‡ªìπÕß§åª√–°Õ∫°Á®–∑”„Àâ‡Õπ‰´¡å‰≈‡ª 
 “¡“√∂≈–≈“¬·≈–∑”ªØ‘°‘√‘¬“‰¥â¥’¢÷Èπ  ¥—ßπ—Èπ°“√π”‡Õ“
Õ—≈®‘‡πµ∑’Ë¡’§ÿ≥ ¡∫—µ‘¥—ß°≈à“«¡“µ√÷ß√Ÿª‡Õπ‰´¡å‰≈‡ª ®÷ß‡ªìπ
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«‘∏’°“√Àπ÷Ëß„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª
„π°“√¬àÕ¬πÈ”¡—π  ‡π◊ËÕß®“°‰¡à®”‡ªìπµâÕß‡µ‘¡πÈ”„πªØ‘°‘√‘¬“
∑”„Àâ‰¡à‡°‘¥°“√·¬°™—Èπ¢ÕßπÈ”·≈–πÈ”¡—π πÕ°®“°π’ÈÕ—≈®‘‡πµ
¬—ß “¡“√∂µ√÷ß°—∫‡Õπ‰´¡å∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√¬÷¥‡°“–µË”
·≈– “¡“√∂∑”ªØ‘°‘√‘¬“‰¥â„π “√≈–≈“¬Õ‘π∑√’¬å∫“ßµ—«∑’Ë∑”„Àâ
‡Õπ‰´¡å∑’Ë „™â‡ ◊ËÕ¡ ¿“æ‰¥â (Seema and Steven, 2002)
„πß“π«‘®—¬π’È∑”°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√µ√÷ß‡Õπ‰´¡å
‰≈‡ª ¥â«¬Õ—≈®‘‡πµ ∑’Ë„Àâ‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª∑’Ë§ßµ—« ¡’§à“
ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–  §à“°‘®°√√¡°“√¬àÕ¬ ≈“¬πÈ”¡—π
ª“≈å¡‚Õ‡≈Õ’π ·≈–§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“–∑’Ë Ÿß∑’Ë ÿ¥ ‡æ◊ËÕ
‡ªìπ·π«∑“ß„π°“√ª√–¬ÿ°µå„™â‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª¥â«¬
Õ—≈®‘‡πµ„πÕÿµ “À°√√¡πÈ”¡—πª“≈å¡µàÕ‰ª

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. «— ¥ÿ Õÿª°√≥å

πÈ”¡—πª“≈å¡‚Õ‡≈Õ’π ™◊ËÕ∑“ß°“√§â“ "¡√°µ" º≈‘µ‚¥¬
∫√‘…—∑¡√°µÕ‘π¥— µ√’È å ®”°—¥ (¡À“™π) ‡Õπ‰´¡å‰≈‡ª ∑“ß
°“√§â“™π‘¥ºß §◊Õ ‰≈‡ª  PS (Pseudomonas sp.) ‰¥â√—∫
§«“¡‡Õ◊ÈÕ‡øóôÕ®“°∫√‘…—∑ Amano Seiyaku ª√–‡∑»≠’ËªÿÉπ
µ—«æ¬ÿß‚´‡¥’¬¡Õ—≈®‘‡πµ (Alginic acid sodium salt from
brown algae) º≈‘µ‚¥¬ Fluka ª√–‡∑»≠’ËªÿÉπ ·≈– “√‡§¡’
‡°√¥ ”À√—∫°“√«‘‡§√“–Àå∑“ß‡§¡’

2. «‘∏’°“√∑¥≈Õß

2.1 °“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ¥â«¬Õ—≈®‘‡πµ

‡µ√’¬¡ “√≈–≈“¬‡Õπ‰´¡å‰≈‡ª ª√‘¡“µ√ 5 ¡≈.
∑’Ë≈–≈“¬„π “√≈–≈“¬øÕ ‡øµ∫—ø‡øÕ√å‡¢â¡¢âπ 0.1 ‚¡≈“√å
æ’‡Õ™ 7.0  º ¡°—∫Õ—≈®‘‡πµ∑’Ë≈–≈“¬„πøÕ ‡øµ∫—ø‡øÕ√å
‡¢â¡¢âπ 0.1 ‚¡≈“√å æ’‡Õ™ 7.0 ª√‘¡“µ√ 5 ¡≈. „Àâ‰¥â§«“¡
‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ 1.5 2.0 ·≈– 2.5 % πÈ”Àπ—°/ª√‘¡“µ√
§«“¡‡¢â¡¢âπ‡Õπ‰´¡å∑’Ë 10, 30 ·≈– 50 ¬Ÿπ‘µ/¡≈. À¬¥
 “√≈–≈“¬Õ—≈®‘‡πµ∑’Ëº ¡‡Õπ‰´¡å‰≈‡ª ≈ß„π “√≈–≈“¬
CaCl

2
 (§«“¡‡¢â¡¢âπ 50  100  ·≈– 200 ¡‘≈≈‘‚¡≈“√å)

ª√‘¡“µ√ 150 ¡≈. ¥â«¬ªíö¡∑’Ë§«“¡‡√Á« 1 ¡≈./π“∑’ (‚¥¬„™â
‡¢Á¡¢π“¥18 20 ·≈– 24 G)  ∑”°“√°«π¥â«¬·∑àß°«π
·¡à‡À≈Á°Õ¬Ÿàµ≈Õ¥  À≈—ß®“°À¬¥‡ √Á®·≈â«µ—Èß‰«â 20 π“∑’
®“°π—Èπ·¬°‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª∑’Ë‰¥â®“° “√≈–≈“¬ CaCl

2

¥â«¬‡§√◊ËÕß°√Õß ÿ≠≠“°“»  ≈â“ß¥â«¬ “√≈–≈“¬øÕ ‡øµ
∫—ø‡øÕ√å  0.1 ‚¡≈“√å  æ’‡Õ™ 7.0 ª√‘¡“µ√ 10 ¡≈.  2 §√—Èß
(¥—¥·ª≈ß«‘∏’°“√¢Õß Seema and Steven, 2002)  π”
‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª  “√≈–≈“¬ CaCl

2
 ·≈– “√≈–≈“¬

øÕ ‡øµ∫—ø‡øÕ√å∑’Ë≈â“ß ‰ªÀ“§à“°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª 
(Lipase activity) ·≈–§”π«≥À“§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥
‡°“–·≈–§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“–¢Õß‡Õπ‰´¡å

ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– (Immobilized yield %) =
°‘®°√√¡∑—ÈßÀ¡¥ - °‘®°√√¡∑’Ëµ°§â“ß„π “√≈–≈“¬ x 100

    °‘®°√√¡∑—ÈßÀ¡¥

°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“– (Recovery of activity %)
= °‘®°√√¡¢Õß‡Õπ‰´¡åÀ≈—ßµ√÷ß√Ÿª x 100

   °‘®°√√¡¢Õß‡Õπ‰´¡åÕ‘ √–°àÕπµ√÷ß

2.2 °“√«‘‡§√“–Àå°‘®°√√¡°“√¬àÕ¬ ≈“¬πÈ”¡—π¢Õß

‡Õπ‰´¡å‰≈‡ª 

´—∫ ‡µ√∑∑’Ë „™â§◊Õ  “√º ¡√–À«à“ßπÈ”¡—πª“≈å¡
‚Õ‡≈Õ’π∑’Ë≈–≈“¬„π‰Õ‚´ÕÕ°‡∑π 10 % (πÈ”Àπ—°/ª√‘¡“µ√)
1 ¡≈.  “√≈–≈“¬øÕ ‡øµ∫—ø‡øÕ√åæ’‡Õ™ 7 ª√‘¡“µ√ 0.5
¡≈. º ¡„Àâ‡¢â“°—π„πÀ≈Õ¥∑¥≈ÕßΩ“‡°≈’¬«¢π“¥ 5 ¡≈.
®“°π—Èπ‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å‰≈‡ª   ‡Õπ‰´¡åµ√÷ß√ŸªÀ√◊Õ
 “√≈–≈“¬∑’Ë‰¥â®“°°“√≈â“ß‡Õπ‰´¡å∑’Ë∂Ÿ°µ√÷ß„π¢—ÈπµÕπ°“√
µ√÷ß√Ÿª‡Õπ‰´¡åª√‘¡“µ√ 0.2 ¡≈. π”‰ª∫à¡∫π‡§√◊ËÕß‡¢¬à“
§«“¡‡√Á«√Õ∫ 500 √Õ∫/π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 30oC ‡ªìπ‡«≈“ 15
π“∑’ ‡¡◊ËÕ§√∫‡«≈“À¬ÿ¥ªØ‘°‘√‘¬“‚¥¬°“√‡µ‘¡ “√≈–≈“¬°√¥
‰Œ‚¥√§≈Õ√‘°‡¢â¡¢âπ 6.0 ‚¡≈“√å ª√‘¡“µ√ 0.3 ¡≈. (¥—¥·ª≈ß
®“°«‘∏’¢Õß Lee and Rhee, 1993)

π” “√º ¡„πªØ‘°‘√‘¬“¢â“ßµâπ‰ª«‘‡§√“–Àå°√¥
‰¢¡—πÕ‘ √–µ“¡«‘∏’ cupric acetate method ¢Õß Kwon
·≈–§≥– (1995) ‚¥¬π”¡“‡®◊Õ®“ß°—∫°—∫‰Õ‚´ÕÕ°‡∑π„Àâ
‰¥âª√‘¡“µ√ 1 ¡≈. ‡µ‘¡ “√≈–≈“¬ cupric acetate-pyridine
reagent ª√‘¡“µ√ 0.4 ¡≈. ªíòπº ¡„Àâ‡¢â“°—πÕ¬à“ß√«¥‡√Á«
∑‘Èß„Àâ·¬°™—Èπ π” à«π‰Õ‚´ÕÕ°‡∑π‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥
°√¥‰¢¡—πÕ‘ √–‚¥¬°“√«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ
715 π“‚π‡¡µ√  «—¥ª√‘¡“≥°√¥‰¢¡—π∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“
‡∑’¬∫°—∫°√“ø¡“µ√∞“π„π√Ÿª¢Õß°√¥ª“≈å¡¡‘µ‘°
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°”Àπ¥„Àâ 1 Àπà«¬¢Õß‡Õπ‰´¡å  À¡“¬∂÷ß
ª√‘¡“≥¢Õß‡Õπ‰´¡å‰≈‡ª ∑’Ë “¡“√∂‡√àßªØ‘°‘√‘¬“°“√¬àÕ¬ ≈“¬
πÈ”¡—πª“≈å¡„Àâ‰¥â°√¥‰¢¡—πÕ‘ √–„π√Ÿªª“≈å¡¡‘µ‘°  ª√‘¡“≥
1 ‰¡‚§√‚¡≈ „π‡«≈“ 1 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 30oC æ’‡Õ™ 7

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. º≈¢Õß§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ·≈– CaCl
2

§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– §à“°‘®°√√¡¢Õß‡Õπ‰´¡å
‰≈‡ª µ√÷ß√Ÿª·≈–§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“– ∑’Ë§«“¡‡¢â¡¢âπ
µà“ßÊ ¢ÕßÕ—≈®‘‡πµ·≈– CaCl

2
 ‚¥¬„™â§«“¡‡¢â¡¢âπ‡Õπ‰´¡å

‰≈‡ª  10 ¬Ÿπ‘µ/¡≈.  · ¥ß„π Table 1  æ∫«à“∑’Ë§«“¡
‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ 2 % ·≈–§«“¡‡¢â¡¢âπ¢Õß CaCl

2
 ∑’Ë

100 ¡‘≈≈‘ ‚¡≈“√å „Àâ§à“°‘®°√√¡¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª·≈–§à“
°‘®°√√¡À≈—ß°“√¬÷¥‡°“– Ÿß ÿ¥  §◊Õ  2.78  ¬Ÿπ‘µ/¡≈.  ·≈–
24.9% µ“¡≈”¥—∫

≈—°…≥–¢Õß‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª∑’Ë§«“¡‡¢â¡¢âπ¢Õß
Õ—≈®‘‡πµ 1.5 2.0 ·≈– 2.5 % (πÈ”Àπ—°/ª√‘¡“µ√) ·≈–
§«“¡‡¢â¡¢âπ¢Õß CaCl

2
 ∑’Ë 50 100 ·≈– 200 ¡‘≈≈‘‚¡≈“√å

· ¥ß„π Figure 1 ‚¥¬∑’Ë Figure 1 a, b ·≈– c „™â§«“¡
‡¢â¡¢âπ¢Õß CaCl

2
 ∑’Ë 50 ¡‘≈≈‘‚¡≈“√å ·≈–„™â§«“¡‡¢â¡¢âπ

¢ÕßÕ—≈®‘‡πµ 1.5 2.0 ·≈– 2.5% µ“¡≈”¥—∫ Figure 1 d,
e ·≈– f  „™â§«“¡‡¢â¡¢âπ¢Õß CaCl

2
 ∑’Ë 100 ¡‘≈≈‘‚¡≈“√å

·≈–„™â§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ 1.5 2.0 ·≈– 2.5% µ“¡

≈”¥—∫ ·≈– Figure 1 g, h ·≈– i „™â§«“¡‡¢â¡¢âπ¢Õß
CaCl

2
 ∑’Ë 200 ¡‘≈≈‘‚¡≈“√å ·≈–„™â§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ

1.5 2.0 ·≈– 2.5% µ“¡≈”¥—∫ æ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ
¢ÕßÕ—≈®‘‡πµ®–∑”„Àâ≈—°…≥–¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª¡’§«“¡§ß√Ÿª
¡“°¢÷Èπ  ‡Õπ‰´¡åµ√÷ß√Ÿª¡’≈—°…≥–‡ªìπ∑√ß°≈¡‡™àπ‡¥’¬«°—∫
°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß CaCl

2
 ·µà§«“¡‡¢â¡¢âπ¢Õß CaCl

2

∑’ËµË”‡°‘π‰ª®–∑”„Àâ‡°‘¥°“√ √â“ß‚§√ß√à“ßæÕ≈‘‡¡Õ√å¿“¬„π
‡Õπ‰´¡åµ√÷ß√Ÿª‰¥â‰¡à¥’ ‡Õπ‰´¡åµ√÷ß√Ÿª®÷ß¡’√Ÿª√à“ß∑’Ë‰¡à‡ ∂’¬√
‚¥¬≈—°…≥–∑“ß°“¬¿“æ¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª∑’Ë‰¥â®–¡’≈—°…≥–
π‘Ë¡‰¡à§ß√Ÿª‡π◊ËÕß®“°°“√‡™◊ËÕ¡°—π√–À«à“ßª√–®ÿ∫«°¢Õß CaCl

2

·≈–ª√–®ÿ≈∫¢ÕßÕ—≈®‘‡πµ‡°‘¥¢÷Èπ‰¥â¬“° ∑’Ë∑ÿ°§«“¡‡¢â¡¢âπ
¢ÕßÕ—≈®‘‡πµ  ¥—ß· ¥ß„π Figure 1 a, b ·≈– c
 àßº≈„Àâª√– ‘∑∏‘¿“æ„π°“√¬÷¥‡°“–¡’§à“≈¥≈ßµ“¡‰ª¥â«¬
(Table 1)

Õ¬à“ß‰√°Áµ“¡°“√‡æ‘Ë¡§«“¡‡¢âπ¢âπ¢ÕßÕ—≈®‘‡πµ∑’Ë¡“
°°«à“ 2% ·≈–§«“¡‡¢â¡¢âπ¢Õß CaCl

2
 ∑’Ë¡“°°«à“ 100

¡‘≈≈‘‚¡≈“√å ∑”„Àâ§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“–≈¥≈ß‡π◊ËÕß®“°
‡Õπ‰´¡åµ√÷ß√Ÿª¡’§«“¡Àπ“·πàπ¡“°‡°‘π‰ª ∑”„Àâ°“√·æ√à
¢Õß´—∫ ‡µ√∑‡¢â“‰ª¿“¬„π‡°‘¥¢÷Èπ‰¥â¬“°·≈–™â“°«à“‡Õπ‰´¡å
µ√÷ß√Ÿª∑’Ë¡’§«“¡Àπ“·πàπ¢Õßµ—«æ¬ÿß∑’ËπâÕ¬°«à“ ®÷ß àßº≈
∑”„Àâ°“√ —¡º— °—π√–À«à“ß´—∫ ‡µ√∑°—∫‡Õπ‰´¡å∑’Ë∫√‘‡«≥‡√àß
‡°‘¥¢÷Èπ‰¥â¬“° ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¢Õß Zorica
·≈–§≥– (2002) ∑’Ë „™â§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ 2% „π
°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ®“° Candida rugosa ¥—ßπ—Èπ„π°“√

Table 1. Effects of alginate and CaCl2 concentrations on immobilized yield, immobilized
lipase activity and recovery of activity of immobilized enzyme lipase

Aginate (%) CaCl
2

Immobilized yield Immobilized lipase Recovery of
(mM) (%) activity (U/ml) activity (%)

1.5 50 97.8±0.03 a 2.72±0.59 a  21.2±1.82 bc

100 99.6±0.02 a  2.41±0.07 ab  23.5±1.28 ab

200 99.7±0.01 a 1.85±0.23 b  21.7±0.82 bc

2.0 50 98.6±0.01 a  2.36±0.00 ab  21.8±0.00 de

100 99.4±0.02 a 2.78±0.28 a 24.9±0.72 a

200 99.6±0.02 a  2.46±0.31 ab  19.9±0.62 cd

2.5 50 98.9±0.02 a  1.99±0.92 ab 17.1±0.96 e

100 99.6±0.02 a  2.24±0.29 ab  18.5±0.48 de

200 99.5±0.03 a 1.72±0.37 b 13.4±0.40 f

a, b, c, d, e and f in each column: Statistically significantly different (p < 0.05)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 (©∫—∫æ‘‡»… 2) æƒ…¿“§¡ 2550 : ∫—≥±‘µ»÷°…“
 ¿“«–∑’Ë‡À¡“– ¡„π°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ¥â«¬Õ—≈®‘‡πµ

ª√–«‘∑¬å  ‡®’¬¡®«π¢“« ·≈–§≥–265

∑¥≈Õß§√—Èßπ’È®÷ß„™â§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ 2% (πÈ”Àπ—°/
ª√‘¡“µ√)  ·≈–§«“¡‡¢â¡¢âπ¢Õß CaCl

2
 100 ¡‘≈≈‘‚¡≈“√å

„π°√–∫«π°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ¥â«¬Õ—≈®‘‡πµ

2. º≈¢Õß§«“¡‡¢â¡¢âπ‡Õπ‰´¡å

§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– §à“°‘®°√√¡¢Õß‡Õπ‰´¡å
‰≈‡ª µ√÷ß√Ÿª·≈–§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“– ∑’Ë§«“¡‡¢â¡¢âπ
µà“ßÊ ¢Õß‡Õπ‰´¡å‰≈‡ª · ¥ß„π Table 2 ‚¥¬„™â§«“¡
‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ·≈– CaCl

2
 ∑’Ë 2% ·≈– 100 ¡‘≈≈‘-

‚¡≈“√å µ“¡≈”¥—∫ æ∫«à“°“√µ√÷ß‡Õπ‰´¡å‚¥¬‡æ‘Ë¡§«“¡‡¢â¡¢âπ
¢Õß “√≈–≈“¬‡Õπ‰´¡å®“° 10 ‡ªìπ 30 ·≈– 50 ¬Ÿπ‘µ/¡≈.
®–∑”„Àâ§à“°‘®°√√¡‡æ‘Ë¡¢÷Èπ®“° 2.78 ‡ªìπ 8.11 ·≈– 8.92
¬Ÿπ‘µ/¡≈. µ“¡≈”¥—∫ ·µà‡¡◊ËÕ§”π«≥À“§à“ª√– ‘∑∏‘¿“æ°“√

¬÷¥‡°“– æ∫«à“∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å 10 ·≈– 30 ¬Ÿπ‘µ/
¡≈. ®–„Àâ§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– Ÿß§◊Õ 99.4% ·≈–
95.2% µ“¡≈”¥—∫ ·µà‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å‡ªìπ
50 ¬Ÿπ‘µ/¡≈. ∑”„Àâ§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–≈¥µË”≈ß‡ªìπ
84.2% °“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡Õπ‰´¡å∑’Ë„™â „π
°“√µ√÷ß√Ÿª∑”„Àâ‡Õπ‰´¡åµ√÷ß√Ÿª¡’°‘®°√√¡¡“°¢÷Èπ ·µà àßº≈
„Àâª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–µË”≈ß  ‡π◊ËÕß®“°ª√‘¡“≥‡Õπ‰´¡å
∑’Ëµ—«æ¬ÿß “¡“√∂°—°‡°Á∫‰¥â¡’ª√‘¡“≥®”°—¥¢÷ÈπÕ¬Ÿà°—∫™π‘¥
§«“¡Àπ“·πàπ ·≈–‚§√ß √â“ß¿“¬„πµ—«æ¬ÿß ¥—ßπ—Èπª√‘¡“≥
‡Õπ‰´¡å∑’Ë¡“°‡°‘π‰ª®–∑”„Àâ‡Õπ‰´¡å à«π‡°‘π‰¡à∂Ÿ°µ√÷ß„π
Õ—≈®‘‡πµ·≈–À≈ÿ¥ÕÕ°¡“≈–≈“¬„π CaCl

2
 ´÷Ëß Õ¥§≈âÕß°—∫

º≈°“√∑¥≈Õß¢Õß Kaewthong ·≈– H-Kittikun (2004)
∑’Ëµ√÷ß‡Õπ‰´¡å‰≈‡ª ∫π Accurel EP100 ¥â«¬«‘∏’°“√¥Ÿ¥´—∫

Figure 1. Characterization of beads. ((a) 1.5 % of alginate and 50 mM. of CaCl2 concentra-
tion, (b) 2.0% of alginate and 50 mM. of CaCl2 concentration and (c) 2.5% of
alginate and 50 mM. of CaCl2 concentration (d) 1.5% of alginate and 100 mM. of
CaCl2 concentration, (e) 2.0% of alginate and 100 mM. of CaCl2 concentration and
(f) 2.5% of alginate and 100 mM. of CaCl2 concentration (g) 1.5% of alginate and
200 mM. of CaCl2 concentration, (h) 2.0% of alginate and 200 mM. of CaCl2

concentration and  (i) 2.5% of alginate and 200 mM. of CaCl2 concentration)
[Color figure can be viewed in the electronic version]
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·≈–æ∫«à“§«“¡‡¢â¡¢âπ “√≈–≈“¬‡Õπ‰´¡å∑’Ë„™â „π°“√µ√÷ß√Ÿª∑’Ë
10 ¬Ÿπ‘µ/¡≈. ¡’§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– 80.4% ·≈–
‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å‡ªìπ 50 ¬Ÿπ‘µ/¡≈. ∑”„Àâ
§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–≈¥≈ß‡À≈◊Õ‡æ’¬ß 42.9% ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“–∑’Ë§«“¡‡¢â¡¢âπ‡Õπ‰´¡å
‡¥’¬«°—π æ∫«à“«‘∏’°“√µ√÷ß√Ÿª¥â«¬Õ—≈®‘‡πµ®– “¡“√∂°—°‡°Á∫
‡Õπ‰´¡å‰¥â¡“°°«à“«‘∏’°“√µ√÷ß√Ÿª·∫∫¥Ÿ¥´—∫∫π Accurel
EP100

πÕ°®“°π’È§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡Õπ‰´¡å∑’Ë‡æ‘Ë¡
¢÷Èπ  ¬—ß∑”„Àâ§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“–≈¥≈ß  ‡π◊ËÕß®“°
§«“¡Àπ“·πàπ¢Õß‡Õπ‰´¡å„πÕ—≈®‘‡πµ¡’º≈∑”„Àâ°“√®—∫µ—«
°—∫´—∫ ‡µ√∑≈¥πâÕ¬≈ß ¥—ßπ—Èπ‡¡◊ËÕæ‘®“√≥“®“°§à“ª√– ‘∑∏‘-
¿“æ°“√¬÷¥‡°“–·≈–§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“– æ∫«à“§«“¡
‡¢â¡¢âπ‡Õπ‰´¡å∑’Ë „™â„π°“√µ√÷ß∑’Ë 30 ¬Ÿπ‘µ/¡≈. ‡À¡“– ¡°—∫
°“√µ√÷ß√Ÿª¥â«¬Õ—≈®‘‡πµ·≈– CaCl

2
 ∑’Ë¡’§«“¡‡¢â¡¢âπ 2%

·≈– 100 ¡‘≈≈‘‚¡≈“√å µ“¡≈”¥—∫

3. ¢π“¥¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª

§à“ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– §à“°‘®°√√¡¢Õß‡Õπ‰´¡å
‰≈‡ª µ√÷ß√Ÿª·≈–§à“°‘®°√√¡À≈—ß°“√¬÷¥‡°“–· ¥ß„π Table

3 ‚¥¬„™â§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ·≈– CaCl
2
 ∑’Ë 2% ·≈–

100 ¡‘≈≈‘‚¡≈“√å µ“¡≈”¥—∫  „™â§«“¡‡¢â¡¢âπ‡Õπ‰´¡å∑’Ë 30
¬Ÿπ‘µ/¡≈. ·≈–„™â¢π“¥ª≈“¬‡¢Á¡∑’Ëµà“ß°—π„π°“√µ√÷ß√Ÿª‡Õπ‰´¡å
æ∫«à“¢π“¥ª≈“¬‡¢Á¡®–¡’º≈µàÕ¢π“¥¢Õß beads ∑’Ë‰¥â ´÷Ëß
ª≈“¬‡¢Á¡¢π“¥ 24 G  ®–„Àâ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õß
beads ∑’Ë‡≈Á°∑’Ë ÿ¥§◊Õ 2 ¡¡. ‡¡◊ËÕ§”π«≥À“§à“ª√– ‘∑∏‘¿“æ
°“√¬÷¥‡°“– æ∫«à“¢π“¥¢Õß‡¢Á¡∑’Ë „™â „π°“√µ√÷ß‰¡à¡’º≈µàÕ
ª√– ‘∑∏‘¿“æ°“√¬÷¥‡°“– ·µà®–¡’º≈µàÕ§à“°‘®°√√¡‡Õπ‰´¡å
‰≈‡ª µ√÷ß√Ÿª·≈–°‘®°√√¡À≈—ß°“√¬÷¥‡°“– ´÷Ëß§à“°‘®°√√¡
‡Õπ‰´¡åµ√÷ß√Ÿª∑’Ë«—¥‰¥â®“°°“√µ√÷ß‡Õπ‰´¡å∑’Ë „™âª≈“¬‡¢Á¡
¢π“¥‡≈Á° (24 G) ®–„Àâ§à“°‘®°√√¡ Ÿß ÿ¥§◊Õ 8.11 ¬Ÿπ‘µ/¡≈.
∑—Èßπ’È‡π◊ËÕß®“°¢π“¥¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª∑’Ë‡≈Á°°«à“®–¡’æ◊Èπ∑’Ë
º‘« —¡º— √–À«à“ß‡Õπ‰´¡åµ√÷ß√Ÿª°—∫ —́∫ ‡µ√∑‰¥â¡“°°«à“ ·≈–
∑”„Àâ°“√·æ√à¢Õß —́∫ ‡µ√∑‡¢â“‰ª∑”ªØ‘°‘√‘¬“°—∫‡Õπ‰´¡å
¿“¬„πµ—«µ√÷ß‡°‘¥¢÷Èπ‰¥âßà“¬°«à“ ®÷ß∑”„Àâ‰¥â§à“°‘®°√√¡ Ÿß°«à“
‡Õπ‰´¡åµ√÷ß√Ÿª∑’Ë¡’¢π“¥„À≠à ‚¥¬º≈°“√∑¥≈Õß§√—Èßπ’È Õ¥-
§≈âÕß°—∫º≈°“√∑¥≈Õß¢Õß Keehoon  ·≈–§≥– (2004) ∑’Ë
π”‡Õπ‰´¡å‰≈‡ª  Candida rugosa ¡“µ√÷ß°—∫Õ—≈®‘‡πµ ·≈–
æ∫«à“°“√‡æ‘Ë¡¢π“¥ beads „Àâ„À≠à¢÷Èπ®–∑”„Àâ§à“°‘®°√√¡
¢Õß‡Õπ‰´¡åµ√÷ß√Ÿª≈¥≈ß

Table 2. Effects of enzyme concentration on immobilized yield, immobilized lipase
activity and recovery of activity of immobilized enzyme lipase

Enzyme Immobilized Immobilized lipase Recovery of activity
concentration (U/ml) yield (%) activity (U/ml) (%)

10 99.4±0.02 a 2.78±0.28 b 24.9±0.72 a

30 95.2±0.39 b 8.11±0.77 a 22.2±0.43 a

50 84.2±0.92 c 8.92±0.83 a 17.8±0.16 b

a, b and c in each column: Statistically significantly different (p < 0.05)

Table 3. Effects of bead size on immobilized yield, immobilized lipase activity and recovery
of activity of immobilized enzyme lipase

Needle size Diameter of beads Immobilized yield Immobilized lipase Recovery of
(G) (mm) (%) Activity (U/ml) activity (%)

24 G (0.55 x 25 mm) 2 95.2±0.39 a 8.11±0.77 a 22.2±0.43 a

20 G (0.90 x 25 mm) 2.5 95.3±0.29 a 5.19±0.71 b 12.3±0.21 b

18 G (1.20 x 25 mm) 3 95.9±0.04 a 5.27±0.03 b 13.3±0.14 b

a and b in each column: Statistically significantly different (p < 0.05)
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 √ÿª

®“°º≈°“√∑¥≈ÕßÀ“ ¿“«–∑’Ë‡À¡“– ¡„π°“√µ√÷ß√Ÿª
‡Õπ‰´¡å‰≈‡ª ‚¥¬«‘∏’·∫∫ÀàÕÀÿâ¡¥â«¬Õ—≈®‘‡πµ  √ÿª‰¥â«à“
§«“¡‡¢â¡¢âπ¢ÕßÕ—≈®‘‡πµ∑’Ë  2% §«“¡‡¢â¡¢âπ¢Õß CaCl

2
 ∑’Ë

100 ¡‘≈≈‘‚¡≈“√å §«“¡‡¢â¡¢âπ‡Õπ‰´¡å∑’Ë 30 ¬Ÿπ‘µ/¡≈. ·≈–
¢π“¥¢Õß‡¢Á¡∑’Ë 24 G (0.55 x 25  ¡¡.) ‡À¡“– ¡„π°“√
µ√÷ß‡Õπ‰´¡å‰≈‡ª ·∫∫ÀàÕÀÿâ¡¥â«¬Õ—≈®‘‡πµ  ‚¥¬®–∑”„Àâ‰¥â
‡Õπ‰´¡å‰≈‡ª µ√÷ß√Ÿª¢π“¥ 2 ¡¡. ¡’§à“ª√– ‘∑∏‘¿“æ
°“√¬÷¥‡°“– 95.2% §à“°‘®°√√¡‡Õπ‰´¡åµ√÷ß√Ÿª 8.11 ¬Ÿπ‘µ/
¡≈. ·≈–§à“°‘®°√√¡‡Õπ‰´¡åÀ≈—ß°“√¬÷¥‡°“– 22.2%
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