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 ÿ√‘π∑√å  µ—Èß¡—Ëπ§ß«√°Ÿ≈1   ÿ«‘™  »‘√‘«—≤π‚¬∏‘π2  ·≈–  «’√– ‚≈À–3

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∫“ß¡¥ ∑ÿàß§√ÿ °√ÿß‡∑æœ 10140

„πÀ—«¡—π ”ª–À≈—ßª√–°Õ∫¥â«¬ “√µ—Èßµâπ‰´¬“‚π®’π‘°‰°≈‚§‰´¥å (cyanogenic glycoside) °—∫

‡Õπ‰´¡å≈‘π“¡“‡√  (linamarase) ·≈– ‰Œ¥√Õ°´’‰π‰µ√‰≈‡Õ  (hydroxynitrile lyase) ´÷ËßÕ¬Ÿà„π à«π∑’Ë·¬°®“°°—π

‡¡◊ËÕ à«π¢Õß‡π◊ÈÕ‡¬◊ËÕ∂Ÿ°∑”≈“¬ “√µ—Èßµâπ·≈–‡Õπ‰´¡å∑—Èß Õß®–æ∫°—π ·≈–‡°‘¥ªØ‘°‘√‘¬“¬àÕ¬ ≈“¬‰¥â‡ªìπ°√¥‰Œ‚¥√

‰´¬“π‘° (hydrocyanic) °—∫Õ–´’‚µπ (acetone) ß“π«‘®—¬π’È∑”°“√»÷°…“ ¿“«–°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§

‰´¥å „πÀ—«¡—π ”ª–À≈—ß∫¥‚¥¬‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà‡Õß¥—ß°≈à“«  À—«¡—π ”ª–À≈—ß∑’Ë„™â‡ªìπæ—π∏ÿå KU50 Õ“¬ÿ 10-12 ‡¥◊Õπ

ªí®®—¬∑’Ë∑”°“√»÷°…“‰¥â·°à Õÿ≥À¿Ÿ¡‘ pH ·≈–ª√‘¡“≥¢Õß·¢Áß æ∫«à“ ¿“«–°“√ª≈àÕ¬‰´¬“‰π¥åÕ‘ √– Ÿß ÿ¥‡ªìπ∑’ËÕÿ≥À¿Ÿ¡‘

50 Õß»“‡´≈‡´’¬  ·≈– pH 5 ¿“¬„π‡«≈“ 30 π“∑’ ·≈–≈—°…≥–°“√‡°‘¥ªØ‘°‘√‘¬“‡ªìπ·∫∫∑’Ë¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õß

‡Õπ‰´¡å‡°‘¥¢÷Èπæ√âÕ¡°—π¥â«¬

°“√ ≈“¬µ—«¢Õß “√‰´¬“‰π¥å„πÀ—«¡—π ”ª–À≈—ß∫¥¥â«¬‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà‡Õß

√—∫‡¡◊ËÕ 10 °—π¬“¬π 2545  µÕ∫√—∫‡¡◊ËÕ 22  ‘ßÀ“§¡ 2546
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Nativally, cassava root composed of both cyanogenic glycosides and linamarase enzyme. When the root
was rasped, the cyanogenic glycosides were digested by linamarase enzyme to hydrocyanic acid and acetone. The
objectives of this study was to determine the optimal condition for release of cyanogenic glycosides by an enzyme
in a cassava root. The cassava roots (KU50), of age 10-12th month were used in the experiments. Temperature,
pH and solid content were selected as the parameters for this study.  It found that the release of free cyanide was
maximum at 50 degree celcius and pH of 5 in 30 minutes. The deactivated catalyst type of reaction was shown
the best fit with results.
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1. ∫∑π”

„πÀ—«¡—π ”ª–À≈—ß (Manihot esculenta Crantz)  à«π„À≠à ®–æ∫‰´¬“‰π¥åÕ¬Ÿà„π√Ÿª¢Õß‰°≈‚§‰´¥å 2

™π‘¥ §◊Õ ≈‘π“¡“√‘π (linamarin)  ·≈– ‚≈µÕ µ√“√‘π (lotaustralin) ‰°≈‚§‰´¥å∑—Èß Õßπ’È “¡“√∂∂Ÿ°‰Œ‚¥√‰≈´å‚¥¬

‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà„πÀ—«¡—π ”ª–À≈—ß ·≈â«ª≈àÕ¬°√¥‰Œ‚¥√‰´¬“π‘°ÕÕ°¡“ ¥—ß√Ÿª∑’Ë 1 ́ ÷Ëß¿“¬„π ¿“«–ª°µ‘®–‰¡à‡°‘¥ªØ‘°‘√‘¬“

¥—ß°≈à“«  ‡π◊ËÕß®“° —∫ ‡µ√∑°—∫‡Õπ‰´¡åÕ¬Ÿà§π≈– à«π°—π ‚¥¬‰°≈‚§‰´¥åÕ¬Ÿà„π vacuole  à«π‡Õπ‰´¡åÕ¬Ÿà„πºπ—ß‡´≈≈å

[1] ·µà‡¡◊ËÕ‡π◊ÈÕ‡¬◊ËÕ∂Ÿ°∑”≈“¬À√◊Õ∂Ÿ°∫¥¢¬’È ‰´¬“‚π°≈Ÿ‚§‰´¥å®–∂Ÿ°‰Œ‚¥√‰≈´å ª≈àÕ¬°√¥‰Œ‚¥√‰´¬“π‘°∑’Ë¡’§«“¡‡ªìπ

æ‘…µàÕ§π·≈– —µ«åÕÕ°¡“ ·¡â«à“ “√æ‘…π’È®– ≈“¬‰ª‰¥â‚¥¬ßà“¬„π√–À«à“ß°√–∫«π°“√º≈‘µ·ªÑß¡—π ”ª–À≈—ß ·µà

¬—ß§ß¡’‰°≈‚§‰´¥å®”π«πÀπ÷Ëß∑’Ë¬—ß‰¡à∂Ÿ°‰Œ‚¥√‰≈´å‡À≈◊ÕÕ¬Ÿà„πº≈‘µ¿—≥±å·ªÑß¡—π ”ª–À≈—ß ‰°≈‚§‰´¥å à«ππ’È “¡“√∂

∂Ÿ°‰Œ‚¥√‰≈´å‰¥â„π√–∫∫°“√¬àÕ¬Õ“À“√´÷Ëß‡ªìπæ‘…µàÕºŸâ∫√‘‚¿§ ‡π◊ËÕß®“°°√–∫«π°“√º≈‘µ·ªÑß¡—π ”ª–À≈—ß„™â‡«≈“

 —Èπ¡“° ·≈–¡’°“√π”πÈ”≈â“ß®“°¢—ÈπµÕπ°“√‡À«’Ë¬ß·¬°·ªÑß°≈—∫¡“„™â„À¡à‡æ◊ËÕ‡ªìπ°“√ª√–À¬—¥πÈ” ®÷ß¡’‰´¬“‰π¥å‡À≈◊Õ

Õ¬Ÿà„π·ªÑß¡—π ”ª–À≈—ßª√–¡“≥ 1 - 10 ppm. [2]

°“√»÷°…“‡°’Ë¬«°—∫‰´¬“‰π¥å„π¡—π ”ª–À≈—ß √«¡∂÷ßÕ‘∑∏‘æ≈µà“ßÊ ∑’Ë¡’µàÕª√‘¡“≥‰´¬“‰π¥å„π¡—π ”ª–À≈—ß

∑’Ëºà“π¡“ ‡ªìπ¥—ßπ’È  Gomez ·≈– Valdivieso [3]  »÷°…“º≈¢ÕßÕ“¬ÿ·≈–æ—π∏ÿå∑’Ë¡’µàÕ°“√‡ª≈’Ë¬π·ª≈ß‰´¬“‰π¥å„π

‡π◊ÈÕ‡¬◊ËÕ¢Õß¡—π ”ª–À≈—ß∑—Èßµâπ „π¡—π ”ª–À≈—ß 2 æ—π∏ÿå §◊Õ CMC-40 ·≈– CMC-81 æ∫«à“ à«π‡ª≈◊Õ°¢Õß

¡—π ”ª–À≈—ßæ—π∏ÿå CMC-40 Õ“¬ÿ 9 ‡¥◊Õπ ¡’‰´¬“‰π¥å¡“°∑’Ë ÿ¥ ¡≥’·≈–ª≥‘° [4] »÷°…“Õ—µ√“°“√ ≈“¬µ—«¢Õß

 “√ª√–°Õ∫‰´¬“‰π¥å„π°“°¡—π ”ª–À≈—ß·≈–πÈ”∑‘Èß®“°‚√ßß“π·ªÑß¡—π ”ª–À≈—ß„π ¿“«–µà“ßÊ æ∫«à“Õ—µ√“°“√

 ≈“¬µ—«¢Õß “√ª√–°Õ∫‰´¬“‰π¥å„π°“°¡—πª–À≈—ß·≈–„ππÈ”∑‘Èß¡“°∑’Ë ÿ¥ §◊Õ ¿“¬„µâ°“√Õ∫·Àâß∑’Ë„π‡µ“Õ∫‰øøÑ“

∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡´’¬  ·≈–¿“¬„µâÀ≈Õ¥· ßÕ“∑‘µ¬å·≈–· ß UV  Ÿß µ“¡≈”¥—∫ Arguedas ·≈– Cooke [5]

»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“≥‰´¬“‰π¥å„π°√–∫«π°“√ °—¥·ªÑß æ∫«à“‰´¬“‚π®’π‘°‰°≈‚§‰´¥å à«π„À≠à„π

À—«¡—π ”ª–À≈—ß®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ‰´¬“‰π¥åÕ‘ √–„π¢—ÈπµÕπ°“√∫¥ Cooke ·≈– Maduagwu [6] »÷°…“∂÷ßº≈¢Õß

Õÿ≥À¿Ÿ¡‘Õ∫·Àâß∑’Ë¡’µàÕª√‘¡“≥‰´¬“‰π¥å„π¡—π‡ âπ æ∫«à“°“√∑”·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 46.5 Õß»“‡´≈‡´’¬   “¡“√∂≈¥

‰´¬“‚π®’π‘°‰°≈‚§‰´¥å‰¥â¡“°∑’Ë ÿ¥ Jones ·≈–§≥– [7] »÷°…“∂÷ßº≈¢Õß°“√≈¥¢π“¥°àÕπ°“√Õ∫·ÀâßµàÕ

√Ÿª∑’Ë 1  °“√‰Œ‚¥√‰≈´å≈‘π“¡“√‘π·≈–‚≈∑√Õ µ√“≈‘π®“°‡Õπ‰´¡å≈‘π“¡“‡√ 
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ª√‘¡“≥‰´¬“‰π¥å„π¡—π‡ âπ æ∫«à“°“√‡µ√’¬¡¡—π‡ âπ¥â«¬‡§√◊ËÕß®—°√ “¡“√∂≈¥ª√‘¡“≥‰´¬“‰π¥å‰¥â¡“°°«à“°“√‡µ√’¬¡

¥â«¬¡◊Õ ·≈–ª√‘¡“≥‰´¬“‰π¥å®–≈¥≈ßÕ’°À“°¢π“¥¢Õß¡—π‡ âπ‡≈Á°≈ß°«à“‡¥‘¡ Birk, Bravdo ·≈– Shoseyov [8]

»÷°…“º≈¢Õß°“√À¡—°¢Õß¡—π ”ª–À≈—ß‚¥¬ A. niger (B-1) ∑’Ë¡’µàÕª√‘¡“≥‰´¬“‰π¥å·≈–ª√‘¡“≥‚ª√µ’π æ∫«à“

°√–∫«π°“√À¡—° “¡“√∂≈¥ª√‘¡“≥‰´¬“‰π¥å≈ß‰¥â ·≈–∑”„Àâª√‘¡“≥‚ª√µ’π‡æ‘Ë¡¢÷Èπ Uritani, Garcia ·≈– Mendoza

[9] »÷°…“§ÿ≥ ¡∫—µ‘∑“ß™’«‡§¡’¢Õß Purified Linamarase ∑’Ë‰¥â®“° A. oryzae (SA-1) Itoh-nashida, Hiraiwa ·≈–

Uda [10] ∑”°“√»÷°…“§ÿ≥ ¡∫—µ‘¢Õß Purified β-D-glucosidase (Linamarase) ∑’Ë °—¥®“° Butter Bean  Cooke,

Blake ·≈– Battershill [11] »÷°…“§ÿ≥ ¡∫—µ‘¢Õß Purified Linamarase ´÷Ëß °—¥®“°‡π◊ÈÕ¢ÕßÀ—«¡—π ”ª–À≈—ß∑’Ë

ªÕ°‡ª≈◊Õ°  Mkpong ·≈–§≥– [12] »÷°…“§ÿ≥ ¡∫—µ‘¢Õß Purified Linamarase ´÷Ëß °—¥®“°‡π◊ÈÕ‡¬◊ËÕ„∫¡—π ”ª–

À≈—ß ·≈– Yeoh [13] »÷°…“§ÿ≥ ¡∫—µ‘∑“ß®≈π»“ µ√å¢Õß β-glucosidase ´÷Ëß °—¥®“°„∫ ‡ª≈◊Õ° ·≈–·°π¢Õß

¡—π ”ª–À≈—ß ®“°ß“π«‘®—¬¥—ß°≈à“«æ∫«à“‡Õπ‰´¡å≈‘π“¡“‡√ ¡’ optimum activity ∑’Ë pH Õ¬Ÿà„π™à«ß 5.1-7.3 ·≈–∑’Ë

Õÿ≥À¿Ÿ¡‘ 40-55 Õß»“‡´≈‡´’¬ 

®“°ß“π«‘®—¬∑’Ëºà“π¡“æ∫«à“¬—ß‰¡à¡’°“√»÷°…“°“√ ≈“¬µ—«¢Õß‰°≈‚§‰´¥å‡π◊ËÕß®“°‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà‡Õß„π

À—«¡—π ”ª–À≈—ß  ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å∑’Ë°“√»÷°…“°“√ ≈“¬µ—«¢Õß‰°≈‚§‰´¥å‰ª‡ªìπ‰´¬“‰π¥åÕ‘ √–

‡π◊ËÕß®“°‡Õπ‰´¡å∑’Ë¡’Õ¬Ÿà‡Õß„πÀ—«¡—π ”ª–À≈—ßÀ≈—ß°“√∫¥  ‚¥¬æ‘®“√≥“∂÷ßº≈¢ÕßÕÿ≥À¿Ÿ¡‘ pH ·≈– —¥ à«π¢Õß¢Õß·¢Áß

‡æ◊ËÕÀ“ ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫°“√≈¥‰´¬“‰π¥å„πº≈‘µ¿—≥±å·ªÑß¡—π ”ª–À≈—ß

2. «—µ∂ÿ¥‘∫·≈–«‘∏’°“√∑¥≈Õß

¡—π ”ª–À≈—ß∑’Ë„™â‡ªìπæ—π∏ÿå KU50 ¡’Õ“¬ÿ 10-12 ‡¥◊Õπ ®“° Õ.‡¢“À‘π´âÕπ ®.©–‡™‘ß‡∑√“ °“√«‘‡§√“–Àå

ª√‘¡“≥‰´¬“‰π¥å„™â«‘∏’ Enzymatic Method ¢Õß OûBrien, Taylor ·≈– Poulter [14] ∑”‚¥¬ °—¥µ—«Õ¬à“ß¥â«¬

°√¥øÕ øÕ√‘°º ¡·Õ≈°ÕŒÕ≈å ·≈â«‡µ‘¡‡Õπ‰´¡å≈‘π“¡“‡√ ®“°¡—π ”ª–À≈—ß¢Õß∫√‘…—∑ BDH UK ª√—∫ pH „ÀâÕ¬Ÿà

„π ¿“æ¥à“ß ‡µ‘¡ color reagent ·≈â«π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 620 π“‚π‡¡µ√ ‰¥â§à“‡ªìπ Total

Cyanide  ”À√—∫°“√«‘‡§√“–Àå Non-Glycosidic Cyanogen „™â«‘∏’°“√‡¥’¬«°—π ·µà‰¡àµâÕß‡µ‘¡‡Õπ‰´¡å  à«π°“√

«‘‡§√“–Àå Free cyanide (HCN) ‰¡à‡µ‘¡‡Õπ‰´¡å·≈–‰¡àµâÕßª√—∫ pH

´÷Ëß   Cyanogenic Glycoside = Total Cyanide - Non-Glycosidic Cyanogen

·≈–  Non-Glycosidic Cyanogen = Cyanohydrin + Free cyanide

°“√«‘‡§√“–Àåª√‘¡“≥‚ª√µ’π∑—ÈßÀ¡¥ (total protein) „™â«‘∏’ Kjeldahl Method [15] °“√«‘‡§√“–Àåª√‘¡“≥

‚ª√µ’π∑’Ë≈–≈“¬πÈ”‰¥â (soluble protein) „™â«‘∏’ Dye-binding Method [15] ·≈–ª√‘¡“≥§«“¡™◊Èπ¢Õßµ—«Õ¬à“ß«—¥

¥â«¬«‘∏’Õ∫·Àâß °“√ª√—∫ pH ∑”¥â«¬°“√„™â H2SO4 ·≈– NaOH   à«π°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘®–∑”‚¥¬„ÀâÀ≈Õ¥„ à

µ—«Õ¬à“ß®ÿà¡Õ¬Ÿà„πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘

°“√µ√«®À“ª√‘¡“≥‰´¬“‰π¥å„π à«πµà“ßÊ  ¢ÕßÀ—«¡—π ”ª–À≈—ß ∑”‚¥¬ ÿà¡µ—«Õ¬à“ßÀ—«¡—π ”ª–À≈—ß 3 ™ÿ¥

·µà≈–™ÿ¥·∫àßÕÕ°‡ªìπ 3  à«π§◊Õ  à«π‡ª≈◊Õ°  à«π‡π◊ÈÕ ·≈– à«π·°π ‚¥¬∑ÿ°µ—«Õ¬à“ß®–≈Õ°‡ª≈◊Õ°∫“ß ’πÈ”µ“≈
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¥â“ππÕ°ÕÕ° µ—¥„Àâ·µà≈– à«π¡’≈—°…≥–‡ªìπ≈Ÿ°∫“»°å¢π“¥ª√–¡“≥ 1-2 ́ ¡. π”‰ªµ√«®À“ª√‘¡“≥‰´¬“‰π¥å  ·≈–

∑”·∫∫‡¥’¬«°—π°—∫À—«¡—π ”ª–À≈—ß∑’ËªÕ°‡ª≈◊Õ°·≈–‰¡àªÕ°‡ª≈◊Õ°

°“√«—¥‰´¬“‰π¥åÕ‘ √–µàÕ‡«≈“„π à«πµà“ßÊ  ¢ÕßÀ—«¡—π ”ª–À≈—ß ∑”‚¥¬‡µ√’¬¡µ—«Õ¬à“ß„π≈—°…≥–¢â“ßµâπ

·≈–∫¥„ππÈ” ‚¥¬‡µ√’¬¡∑’Ë —¥ à«π¢Õß¡—π ”ª–À≈—ß : πÈ” ‡∑à“°—∫ 33 : 100 °. À√◊Õ§‘¥‡ªìπ∑’Ëª√‘¡“≥¢Õß·¢Áß√âÕ¬≈–

33 ∫¥π“πª√–¡“≥ 2 π“∑’ ¥÷ßµ—«Õ¬à“ß¡“µ√«®À“ª√‘¡“≥‰´¬“‰π¥å·≈–§«“¡™◊Èπ∑ÿ°Ê 10 π“∑’ ‡ªìπ‡«≈“ 90 - 100

π“∑’

∑”°“√∑¥≈Õß„π™à«ßÕÿ≥À¿Ÿ¡‘ 25 ∂÷ß 70 Õß»“‡´≈‡´’¬  ™à«ß pH 3.0 ∂÷ß 10.0 °—∫ª√‘¡“≥¢Õß·¢Áß∑’Ë

√âÕ¬≈– 33 50 ·≈– 80 µ“¡≈”¥—∫

3. º≈·≈–°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß

3.1 ª√‘¡“≥‰´¬“‰π¥å∑—ÈßÀ¡¥

°“√«‘‡§√“–Àåª√‘¡“≥‰´¬“‰π¥å∑—ÈßÀ¡¥ (total cyanide) „π à«π·°π ‡π◊ÈÕ·≈–‡ª≈◊Õ°¢ÕßÀ—«¡—π ”

ª–À≈—ß∫¥ æ∫«à“¡’§à“‡©≈’Ë¬‡ªìπ 12.46 99.26 ·≈– 130.44 ppm. µ“¡≈”¥—∫ ‚¥¬∫√‘‡«≥ à«π„°≈â‡ª≈◊Õ°®–¡’§à“

‡©≈’Ë¬ Ÿß°«à“ ‡π◊ËÕß®“°‡ªìπ à«π∑’Ë¡’°“√ —ß‡§√“–Àå‰°≈‚§‰´¥å¢Õßæ◊™ ‡æ◊ËÕªÑÕß°—πµ—«‡Õß„π°“√∂Ÿ°·¡≈ßÀ√◊Õ —µ«å∑’Ë°‘π

æ◊™¡“°—¥°‘πÀ√◊Õ ∑”≈“¬ [5]  ª√‘¡“≥‰´¬“‰π¥å„πÀ—«¡—π ”ª–À≈—ß∑’ËªÕ°‡ª≈◊Õ°·≈–‰¡àªÕ°‡ª≈◊Õ°¡’§à“‡©≈’Ë¬‡ªìπ 43.94

·≈– 82.01 ppm. µ“¡≈”¥—∫  Õ¥§≈âÕß°—∫ß“π¢Õß Nguyen ·≈– §≥– [16] ́ ÷Ëßæ∫«à“„πÀ—«¡—π ”ª–À≈—ß ¥, ‡ª≈◊Õ°

∫“ß ·≈–‡ª≈◊Õ°Àπ“ ¡’ª√‘¡“≥‰´¬“‰π¥å‡∑à“°—∫ 114, 212 ·≈– 238 ppm µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“„π à«π¢Õß

‡ª≈◊Õ°¡’‰´¬“‰π¥åÕ¬Ÿà‡ªìπ®”π«π¡“° ´÷Ëß∂â“ “¡“√∂°”®—¥ à«π‡ª≈◊Õ°ÕÕ°‰ª‰¥â°àÕπ°“√∫¥®–™à«¬∑”„Àâº≈‘µ¿—≥±å

·ªÑß¡—π  ”ª–À≈—ß¡’ª√‘¡“≥‰´¬“‰π¥å≈¥≈ß‰¥â

3.2 °“√‡°‘¥‰´¬“‰π¥åÕ‘ √–

°“√»÷°…“°“√‡°‘¥‰´¬“‰π¥åÕ‘ √–µàÕ‡«≈“ „π à«π‡ª≈◊Õ°  à«π‡π◊ÈÕ ·≈–„πµ—«Õ¬à“ß√«¡¢ÕßÀ—«¡—π ”ª–À≈—ß

‡æ◊ËÕÀ“√–¬–‡«≈“∑’Ë„™â„π°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥åπ—Èπ ‰¥âº≈¥—ß· ¥ß„π°√“ø√Ÿª∑’Ë 1 æ∫«à“ª√‘¡“≥

‰´¬“‰π¥åÕ‘ √–®–¡’≈—°…≥–§àÕ¬Ê ‡æ‘Ë¡¡“°¢÷Èπ ·≈–‡√‘Ë¡§ß∑’Ë∑’Ë‡«≈“ª√–¡“≥ 70 π“∑’ ´÷Ëß®–„Àâº≈„π≈—°…≥–

‡¥’¬«°—π∑—Èß„π à«π‡ª≈◊Õ°  à«π‡π◊ÈÕ ·≈–µ—«Õ¬à“ß√«¡ ´÷Ëß„π°√–∫«π°“√º≈‘µ·ªÑß¡—π ”ª–À≈—ß®–„™â‡«≈“„π°“√

º≈‘µ∑—Èß ‘Èπª√–¡“≥ 45-50 π“∑’ ¥—ßπ—Èπ‰´¬“‚π®’π‘°‰°≈‚§‰´¥å∫“ß à«π®÷ß¬—ß‰¡à∂Ÿ°‰Œ‚¥√‰≈´å‚¥¬‡Õπ‰´¡å∑’Ë¡’„π

À—«¡—π ”ª–À≈—ß  ‡¡◊ËÕæ‘®“√≥“‡ªìπÕ—µ√“°“√‡ª≈’Ë¬π·ª≈ß‚¥¬‡©≈’Ë¬  æ∫«à“∑’Ë‡ª≈◊Õ°®–¡’Õ—µ√“‡√Á«¡“°°«à“„π

µ—«Õ¬à“ß√«¡·≈–„π à«π‡π◊ÈÕ µ“¡≈”¥—∫ ∑—Èßπ’ÈÕ“®‡ªìπ‡æ√“–«à“„π‡ª≈◊Õ°¡’ª√‘¡“≥‡Õπ‰´¡å·≈–ª√‘¡“≥‰´¬“‚π®’π‘°

‰°≈‚§‰´¥åÕ¬Ÿàª√‘¡“≥¡“°°«à“ à«πÕ◊Ëπ [10]
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3.3 º≈¢ÕßÕÿ≥À¿Ÿ¡‘

º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å„πÀ—«¡—π ”ª–À≈—ß∫¥ ∑’Ë pH 7.0 ·≈–

ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 · ¥ß„π√Ÿª∑’Ë 2 ·≈– 3 ‚¥¬‰´¬“‚π®’π‘°‰°≈‚§‰´¥å®–¡’ª√‘¡“≥≈¥≈ßµ“¡‡«≈“ „π¢≥–∑’Ë

ª√‘¡“≥‰´¬“‰π¥åÕ‘ √–®–‡æ‘Ë¡¢÷Èπ·≈–§àÕ¬Ê §ß∑’Ë  ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  ¡’Õ—µ√“°“√ ≈“¬µ—«¢Õß “√‰´¬“

‚π®’π‘°‰°≈‚§‰´¥å ·≈–Õ—µ√“°“√‡°‘¥¢Õß‰´¬“‰π¥åÕ‘ √–‰¥â¥’∑’Ë ÿ¥ ¢≥–∑’ËÕÿ≥À¿Ÿ¡‘ 60 ·≈– 70 Õß»“‡´≈‡´’¬  ¡’

Õ—µ√“∑’ËµË”°«à“ Õ“®‡ªìπ‡æ√“–∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 60 Õß»“‡´≈‡´’¬  ‚ª√µ’π®–‡°‘¥°“√‡ª≈’Ë¬π ¿“æ ∑”„Àâ

ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π¢Õß‡Õπ‰´¡å≈¥≈ß

3.4 º≈¢Õß pH

º≈¢Õß pH ∑’Ë¡’µàÕ°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å„πÀ—«¡—π ”ª–À≈—ß∫¥ ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“

‡´≈‡´’¬  ·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 · ¥ß„π√Ÿª∑’Ë 4 ´÷Ëßæ∫«à“∑’Ë pH 5.0 ®–¡’Õ—µ√“°“√ ≈“¬µ—«‰¥â¥’∑’Ë ÿ¥ ¢≥–

∑’Ë pH 4.0 ·≈– 9.0 ®–¡’Õ—µ√“°“√∑’ËµË”°«à“ Õ“®‡ªìπ‡æ√“–∑’Ë pH 4.0 ‡ªìπ ¿“«–´÷Ëß‚ª√µ’π‡°‘¥°“√√«¡µ—«°—π‰¥â¥’

∑”„Àâª√– ‘∑∏‘¿“æ„π°“√∑”ß“π¢Õß‡Õπ‰´¡å≈¥≈ß  ·≈–∑’Ë pH 9.0 ¡’§«“¡‡ªìπ¥à“ß Ÿß∑”„Àâ‡Õπ‰´¡å∂Ÿ°¬—∫¬—Èß [9]

√Ÿª∑’Ë 1 °“√‡°‘¥‰´¬“‰π¥åÕ‘ √–„π à«π‡π◊ÈÕ  à«π‡ª≈◊Õ° ·≈–µ—«Õ¬à“ß√«¡ ∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡´’¬ 

pH 7.0 ·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33
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√Ÿª∑’Ë 2 °“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å ∑’ËÕÿ≥À¿Ÿ¡‘ 25 40 45 50 55 60 ·≈– 70 Õß»“‡´≈‡´’¬ 

pH 7.0 ·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33

√Ÿª∑’Ë 3  °“√‡°‘¥‰´¬“‰π¥åÕ‘ √–∑’ËÕÿ≥À¿Ÿ¡‘ 25 40 45 50 55 60 ·≈– 70 Õß»“‡´≈‡´’¬ 

 pH 7.0 ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈–  33
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3.5  —¥ à«π¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥åµàÕ‚ª√µ’π∑—ÈßÀ¡¥„πÀ—«¡—π ”ª–À≈—ß

®“°°“√∑¥≈ÕßÀ“ —¥ à«π¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥åµàÕ‚ª√µ’π∑—ÈßÀ¡¥ (ppm.:1%protein) „π à«π

µà“ßÊ¢ÕßÀ—«¡—π ”ª–À≈—ß  ‡æ◊ËÕ®–»÷°…“º≈¢Õßª√‘¡“≥‡Õπ‰´¡åµàÕ°“√ ≈“¬‰´¬“‚π®’π‘°‰°≈‚§‰´¥å‰ª‡ªìπ

‰´¬“‰π¥åÕ‘ √–  ∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡´’¬  pH 7.0 ·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 ‰¥âº≈¥—ßµ“√“ß∑’Ë 1 æ∫«à“

 —¥ à«π¥—ß°≈à“«¡’§à“„°≈â‡§’¬ß°—π∑—Èß„π à«π‡ª≈◊Õ° ‡π◊ÈÕ ·≈–·°π ‚¥¬¡’§à“‡©≈’Ë¬‡ªìπ 48.65 48.72 ·≈– 49.30

ppm.:1%Protein µ“¡≈”¥—∫ ‚¥¬‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ À√◊Õ°≈à“«‰¥â«à“ à«π∑’Ë¡’ª√‘¡“≥‰´¬“‚π®’π‘°

‰°≈‚§‰´¥åÕ¬Ÿà‡ªìπ®”π«π¡“°®–¡’ª√‘¡“≥‚ª√µ’πÕ¬Ÿà¡“°¥â«¬

√Ÿª∑’Ë 4 °“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å ∑’Ë pH 3.0-10.0 Õÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬ 

·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33
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µ“√“ß∑’Ë 1  —¥ à«π¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥åµàÕ‚ª√µ’π∑—ÈßÀ¡¥ „π à«π·°π ‡π◊ÈÕ ·≈–‡ª≈◊Õ°¢Õß
À—«¡—π ”ª–À≈—ß ∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡´’¬  pH 7.0 ·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33

3.6 º≈¢Õßª√‘¡“≥¢Õß·¢Áß

®“°º≈°“√∑¥≈Õß∑’Ë· ¥ß„π√Ÿª∑’Ë 5  æ∫«à“∑’Ë —¥ à«π¢Õß¡—π ”ª–À≈—ß : πÈ”∑’Ë„™â∫¥‡∑à“°—∫ 33:100

50:100 80:100 À√◊Õ§‘¥‡ªìπª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 50 ·≈– 80 µ“¡≈”¥—∫ ‰¡à¡’º≈µàÕ°“√ ≈“¬µ—«¢Õß‰´¬“

‚π®’π‘°‰°≈‚§‰´¥å ∑—Èßπ’È‡ªìπ‡æ√“–„π°“√‡ª≈’Ë¬π —¥ à«πª√‘¡“≥¢Õß·¢Áßπ—Èπª√‘¡“≥¬—ß§ß∑”„Àâ‚ª√µ’π„πÀ—«¡—π ”ª–

À≈—ß¡’Õ¬Ÿà‡∑à“‡¥‘¡ Õ—µ√“°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å®÷ß‰¡à‡ª≈’Ë¬π·ª≈ß

√Ÿª∑’Ë 5 °“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å ∑’Ëª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 50 ·≈– 80
∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  pH 5.0

°“√∑¥≈Õß∑’Ë

 —¥ à«π¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥åµàÕ‚ª√µ’π∑—ÈßÀ¡¥

(ppm.:1%protein)
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3.7 ≈—°…≥–°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å

‡¡◊ËÕπ”º≈°“√∑¥≈Õß¡“∑¥ Õ∫À“≈—°…≥–°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å „πÀ—«¡—π ”ª–

À≈—ß∫¥ ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  pH 5.0 ·≈–ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 ‚¥¬æ‘®“√≥“«à“ª√‘¡“≥‚ª√µ’π

∑—ÈßÀ¡¥π—Èπ‡ªìπ‡Õπ‰´¡å  æ∫«à“√Ÿª·∫∫ ¡°“√ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å∑’Ë¡’°“√‡ ◊ËÕ¡ ¿“æ‡°‘¥¢÷Èπæ√âÕ¡°—π„π≈—°…≥– ¡°“√∑’Ë

1 [17]  „Àâº≈≈—æ∏å∑’Ë Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈¡“°∑’Ë ÿ¥ ¥—ß· ¥ß„π ¡°“√∑’Ë 2 ·≈–¡’≈—°…≥–·∫∫‡¥’¬«°—π°—∫∑’Ë  pH 6.0

·≈– 7.0 ¥—ß· ¥ß„π√Ÿª∑’Ë 6

(1)

(2)

‡¡◊ËÕ R ‡ªìπÕ—µ√“°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å (ppm./sec)

Vmax ‡ªìπÕ—µ√“ Ÿß ÿ¥¢ÕßªØ‘°‘√‘¬“

[S] ‡ªìπ§«“¡‡¢â¡¢âπ¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å

kd ‡ªìπ§à“§ß∑’Ë¢Õß°“√‡ ◊ËÕ¡ ¿“æ¢Õß‡Õπ‰´¡å

Km ‡ªìπ§à“§ß∑’Ë

t ‡ªìπ‡«≈“

                 √Ÿª∑’Ë 6  ≈—°…≥–°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬ 

ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 ·≈– pH 5.0 6.0 ·≈– 7.0

R
Vmax[S]exp(-kdt)

(Km + [S])
=
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4.  √ÿªº≈°“√∑¥≈Õß·≈–¢âÕ‡ πÕ·π–

„πÀ—«¡—π ”ª–À≈—ß®–¡’ª√‘¡“≥‰´¬“‰π¥å¡“°∑’Ë ÿ¥Õ¬Ÿà„π à«π‡ª≈◊Õ° √Õß≈ß¡“§◊Õ à«π‡π◊ÈÕ ·≈– à«π·°π

µ“¡≈”¥—∫  —¥ à«π¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥åµàÕª√‘¡“≥‚ª√µ’π∑—ÈßÀ¡¥ „π à«π·°π  à«π‡π◊ÈÕ ·≈– à«π‡ª≈◊Õ° ¡’

§à“„°≈â‡§’¬ß°—π  —¥ à«π¢Õßª√‘¡“≥¢Õß·¢Áß„π¡—π ”ª–À≈—ß∫¥‰¡à¡’º≈µàÕ°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å

 ¿“«–∑’Ë‡À¡“– ¡„π°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å §◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡´’¬  pH 5.0 ·≈–

ª√‘¡“≥¢Õß·¢Áß√âÕ¬≈– 33 ·≈–§«√¡’‡«≈“„Àâ°—∫°“√ ≈“¬µ—«‡Õß∑’Ë ¿“«–¥—ß°≈à“«Õ¬à“ßπâÕ¬ 30 π“∑’ ≈—°…≥–¢Õß

ªØ‘°‘√‘¬“°“√ ≈“¬µ—«¢Õß‰´¬“‚π®’π‘°‰°≈‚§‰´¥å‚¥¬æ‘®“√≥“„Àâ¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õß‡Õπ‰´¡å¥â«¬„Àâº≈∑’Ë Õ¥§≈âÕß

°—∫¢âÕ¡Ÿ≈¡“°∑’Ë ÿ¥

‡¡◊ËÕæ‘®“√≥“°“√ª√–¬ÿ°µå‰ª„™â„π°√–∫«π°“√º≈‘µ·ªÑß¡—π ”ª–À≈—ß Õ“®®–¡’ªí≠À“‡√◊ËÕß™à«ß‡«≈“∑’Ë®–

µâÕß¡’„Àâ ”À√—∫°“√∑”ß“π¢Õß‡Õπ‰´¡å√–¬–‡«≈“Àπ÷Ëß ¢≥–∑’Ë°“√ª√—∫ ¿“æ§«“¡‡ªìπ°√¥¥à“ß°—∫Õÿ≥À¿Ÿ¡‘„π

°√–∫«π°“√º≈‘µÕ“®®–∑”‰¥â¬“°‡™àπ°—π ¥—ßπ—Èπ®÷ßÕ“®µâÕßæ‘®“√≥“À“∑“ß≈¥‰´¬“‰π¥å„πº≈‘µ¿—≥±å¥â«¬«‘∏’°“√Õ◊Ëπ ‡™àπ

º≈‘µ‡Õπ‰´¡å‡¢â¡¢âπ®“° à«πÀπ÷Ëß à«π„¥¢Õß¡—π ”ª–À≈—ß°àÕπ ‡æ◊ËÕπ”¡“„™â„π°“√‡√àßªØ‘°‘√‘¬“ ‡ªìπµâπ
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