
ªí®®—¬∑’Ë¡’º≈µàÕ°“√∫”∫—¥πÈ”∑‘Èß‚√ßß“π °—¥πÈ”¡—πª“≈å¡‚¥¬„™â
‡Õπ‰´¡å®“° Aspergillus niger ATCC 6275 ∑’Ë‡≈’È¬ß∫π°“°ª“≈å¡

æŸπ ÿ¢ ª√–‡ √‘∞ √√æå 1  Õ√—≠ À—πæß»å°‘µµ‘°Ÿ≈2 ·≈– ‚ ¿“ ®—π∑¿“‚ 3

Abstract
Prasertsan, P.1, H-Kittikun, A.2 and Chantaphaso, S.3

Factors affecting treatment of palm oil mill effluent using enzyme from
Aspergillus niger ATCC 6275
Songklanakarin J. Sci. Technol., 2001, 23(Suppl.): 797-806

Powdered enzyme was produced by freeze-drying the enzyme solution extracted from 3 days culture
of Aspergillus niger ATCC 6275 on palm cake with the addition of 0.2% glucose and 2% urea. The product
yield was 38% by weight. The half-life of the enzyme was 9 months keeping at 4ºC. The enzyme was tested
with decanter effluent with different characteristics from two palm oil mills. The decanter effluent possess-
ing high suspended solid (SS) and low oil (9.5 g/l) content was selected for studying the factors affecting the
separation of SS and oil as bulking solid. Results indicated that the effluent must contain oil not less than
15 g/l so that the bulking solid would occur from the reaction of the enzyme (with xylanase activity of 200 U/
ml) after incubation at 40ºC for 6 h. Minimum concentrations of the enzyme from A. niger ATCC 6275 and
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commercial xylanase (Meicellase) were 200 and 600 U/ml, respectively. The optimum pH was 4.5. Treatment
of palm oil mill effluent by the enzyme from A. niger ATCC 6275 for 3 h under the optimum conditions
resulted in 78% separation of suspended solids with oil & grease removal of 95% and COD reduction of
35%.

Key words : wastewater treatment, palm oil mill, enzyme, xylanase, palm cake
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ªí®®—¬∑’Ë¡’º≈µàÕ°“√∫”∫—¥πÈ”∑‘Èß‚√ßß“π °—¥πÈ”¡—πª“≈å¡‚¥¬„™â‡Õπ‰´¡å®“°
Aspergillus niger ATCC 6275 ∑’Ë‡≈’È¬ß∫π°“°ª“≈å¡
«. ß¢≈“π§√‘π∑√å «∑∑. 2544 23(©∫—∫æ‘‡»…): 797-806

º≈‘µ‡Õπ‰´¡åºß‚¥¬π” “√≈–≈“¬‡Õπ‰´¡å∑’Ë °—¥®“°°“√‡≈’È¬ß‡™◊ÈÕ Aspergillus niger ATCC 6275 ∫π°“°

ª“≈å¡∑’Ë‡µ‘¡°≈Ÿ‚§  0.2% ·≈–¬Ÿ‡√’¬ 2% ‡ªìπ‡«≈“ 3 «—π ¡“∑”·Àâß·∫∫·™à‡¬◊Õ°·¢Áß‰¥âº≈º≈‘µ¢Õß‡Õπ‰´¡åºß

ª√‘¡“≥ 38% ‚¥¬πÈ”Àπ—° ‡Õπ‰´¡åºß¡’·Õ§∑‘«‘µ’È≈¥≈ß‡À≈◊Õ§√÷ËßÀπ÷ËßÀ≈—ß®“°‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ‡ªìπ‡«≈“ 9

‡¥◊Õπ „™â‡Õπ‰´¡å∑’Ëº≈‘µ‰¥â∑¥ Õ∫°—∫πÈ”∑‘Èß®“°‡§√◊ËÕß·¬°πÈ”¡—π·∫∫¥’·§π‡µÕ√å (decanter) ∑’Ë¡’§ÿ≥≈—°…≥–µà“ß°—π

®“° 2 ‚√ßß“π ‰¥â§—¥‡≈◊Õ°πÈ”∑‘Èß∑’Ë¡’ª√‘¡“≥ “√·¢«π≈Õ¬ Ÿß·≈–¡’ª√‘¡“≥πÈ”¡—πµË” (9.5 °√—¡/≈‘µ√) ‡æ◊ËÕ»÷°…“º≈

¢Õßªí®®—¬µà“ßÊ µàÕ°“√·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—π„π≈—°…≥–µ–°Õπ≈Õ¬ º≈°“√∑¥≈Õßæ∫«à“πÈ”∑‘ÈßµâÕß¡’ª√‘¡“≥

πÈ”¡—π‰¡àµË”°«à“ 15 °√—¡/≈‘µ√ ®÷ß®–∑”„Àâ‡°‘¥µ–°Õπ≈Õ¬®“°ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å (¡’§à“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å

‰´≈“‡π  200 ¬Ÿπ‘µ/¡≈.) À≈—ß°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40oC ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß §«“¡‡¢â¡¢âπµË” ÿ¥¢Õß‡Õπ‰´¡å®“°

A. niger ATCC 6275 ·≈–‡Õπ‰´¡å‰´≈“‡π ∑“ß°“√§â“ (Meicellase) §◊Õ 200 ·≈– 600 ¬Ÿπ‘µ/¡≈. µ“¡≈”¥—∫ ·≈–

√–¥—∫æ’‡Õ™∑’Ë‡À¡“– ¡§◊Õ 4.5 °“√∫”∫—¥πÈ”∑‘Èß®“°‚√ßß“π °—¥πÈ”¡—πª“≈å¡‚¥¬„™â‡Õπ‰´¡å®“° A. niger ATCC 6275

‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ¿“¬„µâ ¿“«–∑’Ë‡À¡“– ¡ “¡“√∂·¬° “√·¢«π≈Õ¬≈ß‰¥â 78% ·¬°πÈ”¡—π·≈–°√’ ‰¥â 95% ·≈–

§à“´’‚Õ¥’≈¥≈ß 35%

ª√‘¡“≥«— ¥ÿ‡»…‡À≈◊Õ®“°°√–∫«π°“√ °—¥πÈ”¡—π
ª“≈å¡‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥°“√º≈‘µπÈ”¡—πª“≈å¡∑’Ë‡æ‘Ë¡¢÷Èπ
‰¥â·°à ∑–≈“¬ª“≈å¡‡ª≈à“ ‡ª≈◊Õ°º≈ª“≈å¡ °–≈“º≈ª“≈å¡
·≈–πÈ”∑‘Èß ª√‘¡“≥πÈ”∑‘Èß®“°‚√ßß“π °—¥πÈ”¡—πª“≈å¡∑’Ë‡°‘¥
¢÷Èπ„πª√–‡∑»‰∑¬ ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0.87 ≈∫.‡¡µ√/µ—π
∑–≈“¬ª“≈å¡ ¥ πÈ”∑‘Èß¡’ ’πÈ”µ“≈‡¢â¡ ¡’ª√‘¡“≥ “√Õ‘π∑√’¬å
 Ÿß ‚¥¬¡’§à“´’‚Õ¥’  “√·¢«π≈Õ¬ ·≈–πÈ”¡—π‡∑à“°—∫ 52.45,

12.48 ·≈– 8.72 °°./µ—π∑–≈“¬ª“≈å¡ ¥ µ“¡≈”¥—∫ ≈—°…≥–
‡©æ“–¢ÕßπÈ”∑‘Èß®“°°“√ °—¥πÈ”¡—πª“≈å¡§◊Õ ≈—°…≥–
Õ‘¡—≈™—Ëπ´÷Ëß∑”„Àâ¢Õß·¢Áß‰¡à‡°‘¥°“√µ°µ–°Õπ‡¡◊ËÕµ—Èß∑‘Èß‰«â
√«¡∑—Èß«‘∏’°“√∑“ß°“¬¿“æ (‡™àπ °“√„™â§«“¡√âÕπ) ·≈–

«‘∏’°“√∑“ß‡§¡’ (‡™àπ °“√„™â FeCl
3
, Al
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(SO

4
)
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 ·≈– Ca
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2
) (Õ√—≠ ·≈–§≥–, 2537)  ”À√—∫°“√„™â«‘∏’°“√∑“ß

™’«¿“æπ—Èπ¡’ß“π«‘®—¬‡°’Ë¬«°—∫°“√ª√–¬ÿ°µå„™â‡Õπ‰´¡å∑’Ëº≈‘µ
®“° Aspergillus niger ATCC 6275 ·≈–‡Õπ‰´¡å∑“ß
°“√§â“∫”∫—¥πÈ”∑‘Èß®“°‚√ßß“π °—¥πÈ”¡—πª“≈å¡ ÷́Ëßæ∫«à“
‡Õπ‰´¡å∑—Èß Õß·À≈àß “¡“√∂·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—π
ÕÕ°®“°πÈ”∑‘Èß¢Õß‚√ßß“π °—¥πÈ”¡—πª“≈å¡„π≈—°…≥–
µ–°Õπ≈Õ¬À≈—ß°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40ºC ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
∑”„Àâ¢Õß‡À≈« à«π∑’Ë‡À≈◊Õ¡’ª√‘¡“≥ “√·¢«π≈Õ¬ πÈ”¡—π
·≈–§à“´’‚Õ¥’≈¥≈ß 99 ·≈– 71% µ“¡≈”¥—∫ (Prasertsan

et al., 1997)



«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 23 (©∫—∫æ‘‡»…) 2544: ª“≈å¡πÈ”¡—π

ªí®®—¬∑’Ë¡’º≈µàÕ°“√∫”∫—¥πÈ”∑‘Èß‚√ßß“π °—¥πÈ”¡—πª“≈å¡
æŸπ ÿ¢ ª√–‡ √‘∞ √√æå ·≈–§≥–799

ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“µàÕ‡π◊ËÕß‡æ◊ËÕÀ“ªí®®—¬µà“ßÊ
∑’Ë¡’º≈µàÕ°“√·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—πÕÕ°®“°πÈ”∑‘Èß
‚√ßß“π °—¥πÈ”¡—πª“≈å¡ ‚¥¬„™â‡Õπ‰´¡å∑’Ë‰¥â®“°°“√‡≈’È¬ß
‡™◊ÈÕ Aspergillus niger ATCC 6275 ∫π°“°ª“≈å¡·∫∫
Õ“À“√·¢Áß‡ª√’¬∫‡∑’¬∫°—∫°“√„™â‡Õπ‰´¡å∑“ß°“√§â“
(Meicellase)

Õÿª°√≥å·≈–«‘∏’°“√

πÈ”∑‘Èß
πÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å (decanter effluent)

‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°∫√‘…—∑πÈ”¡—πæ◊™∫√‘ ÿ∑∏‘Ï ®”°—¥
Õ.À“¥„À≠à ®. ß¢≈“ ·≈–∫√‘…—∑‡Õ‡™’¬ππÈ”¡—πª“≈å¡ ®”°—¥
Õ.Õà“«≈÷° ®.°√–∫’Ë

°“°ª“≈å¡
°“°ª“≈å¡‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°‚√ßß“π√ÿàß‡√◊Õß-

°‘®πÈ”¡—πæ◊™ Õ.À“¥„À≠à ®. ß¢≈“ ∫¥°“°ª“≈å¡¥â«¬
‡§√◊ËÕß∫¥ ·≈–√àÕπºà“πµ–·°√ß„Àâ¡’¢π“¥‰¡à‡°‘π 0.75 ¡¡.
(20 mesh) ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß (30±2ºC)

®ÿ≈‘π∑√’¬å
Aspergillus niger ATCC 6275 ‰¥â√—∫§«“¡

Õπÿ‡§√“–Àå®“° »“ µ√“®“√¬å Susumu Oi ¡À“«‘∑¬“≈—¬
‚Õ´“°â“´‘µ’È ª√–‡∑»≠’ËªÿÉπ

‡Õπ‰´¡å
‡Õπ‰´¡å∑“ß°“√§â“∑’Ë„™â„π°“√∑¥≈Õßπ’È §◊Õ Mei-

cellase (Meiji Co.)  à«π‡Õπ‰´¡å¢Õß A. niger ATCC

6275 ‰¥â®“°°“√‡≈’È¬ß‡™◊ÈÕ·∫∫Õ“À“√·¢Áß„π°“°ª“≈å¡∑’Ë
‡µ‘¡°≈Ÿ‚§  0.2% ·≈–¬Ÿ‡√’¬ 2% (Prasertsan et al., 1997)

°“√«‘‡§√“–Àå
1. °“√π—∫®”π«π ªÕ√å¢Õß‡™◊ÈÕ√“ ‡®◊Õ®“ßµ—«Õ¬à“ß

®“°‡™◊ÈÕ‡√‘Ë¡µâπ¥â«¬πÈ”°≈—Ëπ∑’Ëº ¡ Tween  80 §«“¡‡¢â¡¢âπ
0.1% ·≈–ºà“π°“√¶à“‡™◊ÈÕ·≈â« À¬¥µ—«Õ¬à“ß∫πŒ’¡“‰´‚µ-
¡‘‡µÕ√å ·≈–π—∫®”π«π ªÕ√å®“°°≈âÕß®ÿ≈∑√√»πå°”≈—ß¢¬“¬

10 ‡∑à“ ª√—∫§«“¡‡¢â¡¢âπ¢Õß ªÕ√å„Àâ‰¥â 106  ªÕ√å/°√—¡
 —∫ ‡µ√∑

2. ´’‚Õ¥’ ª√‘¡“≥πÈ”¡—π·≈–°√’  ª√‘¡“≥¢Õß·¢Áß
∑—ÈßÀ¡¥ ·≈–ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬ «‘‡§√“–Àåµ“¡«‘∏’∑’Ë
√–∫ÿ„π APHA, AWWA and WPCF (1985)

3. ·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å
3.1 ·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å Carboxymethyl-

cellulase (CMCase) «‘‡§√“–Àåµ“¡«‘∏’°“√¢Õß Mandel

·≈– Weber (1969) ‚¥¬π” “√≈–≈“¬‡Õπ‰´¡å∑’Ë‡®◊Õ®“ß
Õ¬à“ß‡À¡“– ¡ 0.5 ¡≈. º ¡°—∫ 0.5 ¡≈. ¢Õß “√≈–≈“¬
carboxymethylcellulose (CMC, BHD Chemical Ltd.)

‡¢â¡¢âπ 1.0% „π´‘‡µ√µ∫—ø‡øÕ√å‡¢â¡¢âπ 0.05 ‚¡≈“√å
æ’‡Õ™ 4.8 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 50ºC ‡ªìπ‡«≈“ 30 π“∑’ «‘‡§√“–Àå
ª√‘¡“≥πÈ”µ“≈√’¥‘« å∑’Ë‡°‘¥¢÷Èπ‚¥¬«‘∏’ Nelson Somogyi

(Nelson, 1944) „π°“√«‘‡§√“–Àå·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å®–
¡’™ÿ¥§«∫§ÿ¡´÷Ëß‡µ‘¡ “√≈–≈“¬µà“ßÊ ‡™àπ‡¥’¬«°—∫∑’Ë°≈à“«
¡“·≈â«·µà‰¡à∫à¡ π”§à“°“√¥Ÿ¥°≈◊π· ß¢Õß™ÿ¥§«∫§ÿ¡‰ª
À—°ÕÕ°®“°§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë«—¥‰¥â®“°°“√„™â “√≈–≈“¬
‡Õπ‰´¡å°àÕπ°“√§”π«≥À“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å  ”À√—∫
°“√∑¥ Õ∫‰√â ‘Ëßµ—«Õ¬à“ß (blank test) „™âπÈ”°≈—Ëπ 1 ¡≈.
·∑πª√‘¡“µ√µ—«Õ¬à“ß ·≈– “√≈–≈“¬ CMC

1 ¬Ÿπ‘µ À¡“¬∂÷ß ª√‘¡“≥‡Õπ‰´¡å∑’Ë‡√àß
ªØ‘°‘√‘¬“¬àÕ¬ ≈“¬ —∫ ‡µ√∑„Àâ‡ªìπ°≈Ÿ‚§  1 ‰¡‚§√‚¡≈
„π‡«≈“ 1 π“∑’

3.2 ·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“‡π  µ“¡«‘∏’°“√
¢Õß Tan ·≈–§≥– (1987) ‚¥¬π” “√≈–≈“¬‡Õπ‰´¡å∑’Ë
‡®◊Õ®“ßÕ¬à“ß‡À¡“– ¡ 0.5 ¡≈. º ¡°—∫ 0.5 ¡≈. ¢Õß
 “√≈–≈“¬‰´·≈π (Oats spelt xylan, Sigma Chemical

Ltd.) ‡¢â¡¢âπ 1.0% „π ‘́‡µ√µ∫—ø‡øÕ√å‡¢â¡¢âπ 0.05 ‚¡≈“√å
æ’‡Õ™ 4.8 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 50ºC ‡ªìπ‡«≈“ 10 π“∑’ ·≈â«À“
ª√‘¡“≥πÈ”µ“≈√’¥‘« å∑’Ë‡°‘¥¢÷Èπ‚¥¬«‘∏’ Nelson-Somogyi

„π°“√«‘‡§√“–Àå¡’™ÿ¥§«∫§ÿ¡·≈–™ÿ¥°“√∑¥ Õ∫‰√â ‘Ëßµ—«Õ¬à“ß
(blank test) ‡™àπ‡¥’¬«°—∫°“√À“·Õ§∑‘«‘µ’È¢Õß CMCase

1 ¬Ÿπ‘µ À¡“¬∂÷ß ª√‘¡“≥‡Õπ‰´¡å∑’Ë‡√àß
ªØ‘°‘√‘¬“¬àÕ¬ ≈“¬ —∫ ‡µ√∑„Àâ‡ªìπ‰´‚≈  1 ‰¡‚§√‚¡≈ „π
‡«≈“ 1 π“∑’
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«‘∏’°“√

»÷°…“§«“¡§ßµ—«¢Õß‡Õπ‰´¡åºß∑’Ë‡µ√’¬¡®“° Aspergillus
niger ATCC 6275

‡µ√’¬¡‡Õπ‰´¡å‚¥¬‡≈’È¬ß‡™◊ÈÕ A. niger ATCC 6275

·∫∫Õ“À“√·¢Áß∫π°“°ª“≈å¡ (300 °√—¡) ∑’Ë¡’°“√‡µ‘¡ “√
Õ“À“√§◊Õ °≈Ÿ‚§  0.2% ·≈–¬Ÿ‡√’¬ 2% ∫√√®ÿ„π∂ÿßæ≈“ µ‘°
¢π“¥„À≠à (20x28 π‘È«) „π ¿“«–∑’Ë‡À¡“– ¡§◊Õ §«“¡™◊Èπ
‡√‘Ë¡µâπ¢ÕßÕ“À“√ 60% ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß (30±2ºC) ‡ªìπ
‡«≈“ 3 «—π (Prasertsan et al., 1997)  °—¥‡Õπ‰´¡å¥â«¬
πÈ”°≈—Ëπ∑’Ë‡µ‘¡ Tween 80  0.1% „πª√‘¡“µ√ 5 ‡∑à“¢Õß
πÈ”Àπ—° —∫ ‡µ√∑ «“ß∫π‡§√◊ËÕß‡¢¬à“∑’Ë§«“¡‡√Á« 200 √Õ∫/
π“∑’ ‡ªìπ‡«≈“ 30 π“∑’ ·¬°‰¡ ’́‡≈’¬¡‚¥¬°√Õßºà“πºâ“¢“«
∫“ß 2 ™—Èπ ·≈â«π” “√≈–≈“¬∑’Ë‰¥â‰ªÀ¡ÿπ‡À«’Ë¬ß‡æ◊ËÕ°”®—¥
µ–°Õπ∑’ËÀ≈ß‡À≈◊ÕÕ¬Ÿà π” “√≈–≈“¬ à«π„ ¡“∑”∫√‘ ÿ∑∏‘Ï
∫“ß à«π‚¥¬°“√µ°µ–°Õπ‚ª√µ’π¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ
∑’Ë¡’§«“¡‡¢â¡¢âπÕ‘Ë¡µ—« 20-80% ·¬°µ–°Õπ‚ª√µ’π‚¥¬
π”‡¢â“‡§√◊ËÕß‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 7500xg Õÿ≥À¿Ÿ¡‘ 4ºC ‡ªìπ
‡«≈“ 10 π“∑’ ≈–≈“¬µ–°Õπ‚ª√µ’π∑’Ë‰¥â¥â«¬ “√≈–≈“¬
´‘‡µ√µ∫—ø‡øÕ√å‡¢â¡¢âπ 0.05 ‚¡≈“√å æ’‡Õ™ 4.8 ‚¥¬„™â
ª√‘¡“µ√ 1-2 ‡∑à“¢Õßª√‘¡“µ√µ–°Õπ π”¡“ºà“π°“√°”®—¥
‡°≈◊Õ‚¥¬«‘∏’‰¥·Õ≈‘´‘  (dialysis) „π “√≈–≈“¬´‘‡µ√µ
∫—ø‡øÕ√å§«“¡‡¢â¡¢âπ 0.05 ‚¡≈“√å æ’‡Õ™ 4.8 ‡ªìπ‡«≈“
6 ™—Ë«‚¡ß π”‡Õπ‰´¡å∑’Ë‰¥â‰ª∑”„Àâ·Àâß‚¥¬°“√‡¬◊Õ°·¢Áß
(freeze dry) ·≈–«‘‡§√“–ÀåÀ“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“-
‡π  ·≈– CMCase °àÕπ·≈–À≈—ß°“√∑”„Àâ·Àâß‚¥¬°“√
‡¬◊Õ°·¢Áß ‡°Á∫‡Õπ‰´¡å∑’Ë‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC »÷°…“§«“¡
§ßµ—«¢Õß‡Õπ‰´¡åºß ‚¥¬ ÿà¡µ—«Õ¬à“ß¡“«‘‡§√“–Àå·Õ§∑‘«‘µ’È
¢Õß‰´≈“‡π ·≈– CMCase ∑ÿ°‡¥◊Õπ‡ªìπ‡«≈“ 12 ‡¥◊Õπ

ªí®®—¬∑’Ë¡’º≈µàÕ°“√·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—πÕÕ°
®“°πÈ”∑‘Èß‚¥¬„™â‡Õπ‰´¡å

ªí®®—¬∑’Ë»÷°…“¡’¥—ßπ’È
1. º≈¢Õß§ÿ≥≈—°…≥–πÈ”∑‘Èß

„™âπÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å (decanter)

 Õß·À≈àß§◊Õ ®“°∫√‘…—∑πÈ”¡—πæ◊™∫√‘ ÿ∑∏‘Ï ®”°—¥ ®. ß¢≈“
·≈–∫√‘…—∑‡Õ‡™’Ë¬ππÈ”¡—πª“≈å¡ ®”°—¥ ®.°√–∫’Ë  «‘‡§√“–Àå

§ÿ≥≈—°…≥–¢ÕßπÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å¥—ßπ’È §à“æ’‡Õ™
´’‚Õ¥’ πÈ”¡—π·≈–°√’  ¢Õß·¢Áß·¢«π≈Õ¬ ·≈–¢Õß·¢Áß
∑—ÈßÀ¡¥  ∑¥≈Õßπ”πÈ”∑‘Èß∑—Èß Õß·À≈àß¡“·¬° “√·¢«π≈Õ¬
·≈–πÈ”¡—π‚¥¬‡µ‘¡‡Õπ‰´¡å®“° A. niger ATCC 6275 ∑’Ë
¡’·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π  200 ¬Ÿπ‘µ/¡≈. ≈ß„ππÈ”∑‘Èß„π
Õ—µ√“ à«π 1:1 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40ºC π“π 6 ™—Ë«‚¡ß  —ß‡°µ
°“√‡°‘¥°“√·¬°™—Èπ¢Õß “√≈–≈“¬º ¡ «‘‡§√“–ÀåÀ“ “‡Àµÿ
°√≥’πÈ”∑‘Èß‰¡à‡°‘¥°“√·¬°™—Èπ ·≈–„™âπÈ”∑‘Èß¥—ß°≈à“«‡æ◊ËÕ
»÷°…“º≈¢Õßªí®®—¬µà“ßÊ µàÕ°“√‡°‘¥°“√·¬°™—Èπ®“°°“√
∑”ß“π¢Õß‡Õπ‰´¡å®“° A. niger ATCC 6275

2. º≈¢Õßª√‘¡“≥πÈ”¡—π„ππÈ”∑‘Èß·≈–√–¬–‡«≈“
„π°“√∫à¡

‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° Aspergillus niger

ATCC 6275 (·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π  200 ¬Ÿπ‘µ/¡≈.)
ª√‘¡“µ√ 25 ¡≈. º ¡°—∫ 25 ¡≈.¢ÕßπÈ”∑‘Èß®“°‡§√◊ËÕß
¥’·§π‡µÕ√å ∑’Ë¡’°“√º ¡πÈ”¡—πª“≈å¡≈ß‰ª„ππÈ”∑‘Èß„Àâ¡’
ª√‘¡“≥πÈ”¡—π‡∑à“°—∫ 10, 15, 20, 25 ·≈– 30 °√—¡/≈‘µ√
∫√√®ÿ “√≈–≈“¬º ¡„π°√–∫Õ°µ«ß¢π“¥ 50 ¡≈. ∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ 40ºC „πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ∫—π∑÷°≈—°…≥–
·≈–ª√‘¡“µ√¢Õßµ–°Õπ∑’Ë‡°‘¥¢÷ÈπÀ≈—ß°“√∫à¡‡ªìπ‡«≈“ 1, 2,

3, 6, 9, 12 ·≈– 14 ™—Ë«‚¡ß
3. º≈¢Õßª√‘¡“≥·≈–·À≈àß¢Õß‡Õπ‰´¡å

‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger ATCC

6275 ·≈– “√≈–≈“¬‡Õπ‰´¡å∑“ß°“√§â“ (Meicellase) ∑’Ë
¡’·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“‡π  200, 400, 600 ·≈– 800

¬Ÿπ‘µ/¡≈. ≈ß„ππÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å ∑’Ë¡’ª√‘¡“≥
πÈ”¡—π∑’Ë‡À¡“– ¡ (º≈®“°¢âÕ 2) ∑”°“√∑¥≈Õß‡™àπ‡¥’¬«
°—∫¢â“ßµâπ §—¥‡≈◊Õ°ª√‘¡“≥‡Õπ‰´¡åµË” ÿ¥∑’Ë “¡“√∂·¬°
 “√≈–≈“¬º ¡‡ªìπµ–°Õπ≈Õ¬·≈– “√≈–≈“¬ à«π„ 

4. º≈¢ÕßÕÿ≥À¿Ÿ¡‘
‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger ATCC

6275 ∑’Ë¡’·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π ∑’Ë‡À¡“– ¡ (º≈®“°¢âÕ
3) ≈ß„ππÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å ∑’Ë¡’ª√‘¡“≥πÈ”¡—π∑’Ë
‡À¡“– ¡ „πÕ—µ√“ à«π 1:1 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 40, 50, 60

·≈– 65ºC ‡ªìπ‡«≈“ 18 ™—Ë«‚¡ß ·≈–∫—π∑÷°º≈
5. º≈¢Õßæ’‡Õ™‡√‘Ë¡µâπ

‡µ√’¬¡πÈ”∑‘Èß„Àâ¡’§à“æ’‡Õ™‡√‘Ë¡µâπ‡∑à“°—∫ 3.5, 4.5,



«.  ß¢≈“π§√‘π∑√å «∑∑.
ªï∑’Ë 23 (©∫—∫æ‘‡»…) 2544: ª“≈å¡πÈ”¡—π

ªí®®—¬∑’Ë¡’º≈µàÕ°“√∫”∫—¥πÈ”∑‘Èß‚√ßß“π °—¥πÈ”¡—πª“≈å¡
æŸπ ÿ¢ ª√–‡ √‘∞ √√æå ·≈–§≥–801

5.0, 5.5 ·≈– 6.5 ‚¥¬ª√—∫¥â«¬°√¥‰Œ‚¥√§≈Õ√‘°‡¢â¡¢âπ
6 πÕ√å¡—≈ À√◊Õ‚´‡¥’¬¡‰Œ¥√Õ°‰´§å‡¢â¡¢âπ 6 πÕ√å¡—≈ ‡µ‘¡
‡Õπ‰´¡å®“° A. niger ATCC 6275 ∑’Ë¡’·Õ§∑‘«‘µ’È¢Õß
‡Õπ‰´¡å‰´≈“‡π ∑’Ë‡À¡“– ¡ (º≈®“°¢âÕ 3) „πÕ—µ√“ à«π
1:1 ∫√√®ÿ “√≈–≈“¬º ¡„π°√–∫Õ°µ«ß¢π“¥ 50 ¡≈.
∫à¡∑’ËÕÿ≥À¿Ÿ¡‘·≈–‡«≈“∑’Ë‡À¡“– ¡ (º≈®“°¢âÕ 4)  ∫—π∑÷°
√–¬–‡«≈“∑’Ë‡°‘¥µ–°Õπ≈Õ¬∑—ÈßÀ¡¥  ÿà¡µ—«Õ¬à“ß∑’Ë‡«≈“‡√‘Ë¡µâπ
·≈–‡«≈“∑’Ëµ–°Õπ≈Õ¬¢÷Èπ¥â“π∫π®πª√“°Ø “√≈–≈“¬„ 
¥â“π≈à“ß ‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬„  ‡æ◊ËÕ«‘‡§√“–ÀåÀ“§à“πÈ”¡—π,
 “√·¢«π≈Õ¬ ´’‚Õ¥’ ·≈–·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π 

º≈·≈–«‘®“√≥å

»÷°…“§«“¡§ßµ—«¢Õß‡Õπ‰´¡åºß∑’Ë‡µ√’¬¡®“° Aspergillus
niger ATCC 6275

®“°°“√‡≈’È¬ß‡™◊ÈÕ A. niger ATCC 6275 ·∫∫
Õ“À“√·¢Áß„π°“°ª“≈å¡ (300 °√—¡) ‡ªìπ‡«≈“ 3 «—π ·≈–
 °—¥‡Õπ‰´¡å æ∫«à“‰¥â “√≈–≈“¬‡Õπ‰´¡å ª√‘¡“µ√∑—ÈßÀ¡¥
30,475 ¡≈. ¡’§à“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“‡π  ·≈–

CMCase ‡∑à“°—∫ 34.75 ·≈– 2.42 ¬Ÿπ‘µ/¡≈. µ“¡≈”¥—∫
´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß¢Õß Prasertsan ·≈–
§≥– (1997) ∑’Ë„Àâ§à“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“‡π  ·≈–
CMCase ®“°‡™◊ÈÕ‡¥’¬«°—π ‡∑à“°—∫ 32.99 ·≈– 1.71 ¬Ÿπ‘µ/
¡≈. µ“¡≈”¥—∫ ·≈–‡¡◊ËÕπ” “√≈–≈“¬‡Õπ‰´¡å °—¥¡“∑”
∫√‘ ÿ∑∏‘Ï∫“ß à«π‰¥â “√≈–≈“¬‡Õπ‰´¡åª√‘¡“µ√ 895 ¡≈.
„Àâ§à“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“‡π  ·≈– CMCase ‡∑à“°—∫
398.67 ·≈– 7.17 ¬Ÿπ‘µ/¡≈.µ“¡≈”¥—∫ ´÷Ëß Ÿß°«à“§à“∑’Ë‰¥â
®“°°“√∑¥≈Õß∑’Ëºà“π¡“ (291.01 ·≈– 2.35 ¬Ÿπ‘µ/¡≈.
µ“¡≈”¥—∫) (Prasertsan et al., 1997) ®“°π—Èππ”‡Õπ‰´¡å
∑’Ë‰¥â‰ª∑”„Àâ·Àâß‚¥¬°“√‡¬◊Õ°·¢Áß  ‰¥â‡ªìπ‡Õπ‰´¡åºß
ª√‘¡“≥ 114 °√—¡§‘¥‡ªìπ 38% ¢ÕßπÈ”Àπ—°°“°ª“≈å¡
¡’§à“·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‰´≈“‡π  ·≈– CMCase ‡∑à“°—∫
54,480 ·≈– 269.33 ¬Ÿπ‘µ/°√—¡ µ“¡≈”¥—∫

‡¡◊ËÕ»÷°…“§«“¡§ßµ—«¢Õß‡Õπ‰´¡åºß ‚¥¬‡°Á∫√—°…“
‡Õπ‰´¡å∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC ‡ªìπ‡«≈“ 12 ‡¥◊Õπ (Figure 1)

æ∫«à“‡Õπ‰´¡å¡’§«“¡§ßµ—«¥’¡“°„π™à«ß 2 ‡¥◊Õπ·√° ‚¥¬
‰¡à¡’°“√ Ÿ≠‡ ’¬·Õ§∑‘«‘µ’È ®“°π—Èπ·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å‡√‘Ë¡
≈¥≈ß ·µà¬—ß§ß¡’·Õ§∑‘«‘µ’È‡À≈◊ÕÕ¬Ÿàª√–¡“≥ 70% À≈—ß°“√

Figure 1 Stability of powdered enzyme from Aspergillus niger ATCC 6275 during storage at
4ºC for 12 months
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‡°Á∫√—°…“‡ªìπ‡«≈“ 6 ‡¥◊Õπ ·≈–‡Õπ‰´¡å¡’§à“·Õ§∑‘«‘µ’È≈¥
‡À≈◊Õ‡æ’¬ß§√÷ËßÀπ÷Ëß (50%) À≈—ß°“√‡°Á∫√—°…“‡ªìπ‡«≈“ 9

‡¥◊Õπ ·≈–‡À≈◊Õ·Õ§∑‘«‘µ’Èª√–¡“≥ 5% ‡¡◊ËÕ ‘Èπ ÿ¥°“√
∑¥≈Õß (12 ‡¥◊Õπ)

ªí®®—¬∑’Ë¡’º≈µàÕ°“√·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—π®“°
πÈ”∑‘Èß‚¥¬„™â‡Õπ‰´¡å

1. º≈¢Õß§ÿ≥≈—°…≥–πÈ”∑‘Èß
º≈°“√«‘‡§√“–Àå≈—°…≥–¢ÕßπÈ”∑‘Èß®“°‡§√◊ËÕß

¥’·§π‡µÕ√å¢Õß‚√ßß“ππÈ”¡—πª“≈å¡ 2 ‚√ßß“π ‡ª√’¬∫‡∑’¬∫
°—∫§à“∑’Ë‡§¬¡’√“¬ß“π¡“°àÕπ (Table 1)  æ∫«à“πÈ”∑‘Èß∑—Èß
2 ·À≈àß ¡’§à“æ’‡Õ™‡∑à“°—∫ 4.5 ·≈–´’‚Õ¥’„°≈â‡§’¬ß°—π
(112,813 ·≈– 132,184 ¡°./≈‘µ√) ·µàπÈ”∑‘Èß∑’Ë‰¥â®“°∫√‘…—∑
πÈ”¡—πæ◊™∫√‘ ÿ∑∏‘Ï¡’ª√‘¡“≥πÈ”¡—π·≈–°√’  (25,500 ¡°./
≈‘µ√)  Ÿß°«à“πÈ”∑‘Èß¢Õß∫√‘…—∑‡Õ‡™’¬ππÈ”¡—πª“≈å¡ (9,500

¡°./≈‘µ√) ·µà¡’§à“¢Õß·¢Áß·¢«π≈Õ¬ (20,520 ¡°./≈‘µ√)
·≈–¢Õß·¢Áß∑—ÈßÀ¡¥ (44,677 ¡°./≈‘µ√) µË”°«à“§à“∑’Ë‰¥â
®“°πÈ”∑‘Èß¢Õß∫√‘…—∑‡Õ‡™’Ë¬ππÈ”¡—πª“≈å¡ (75,530 ·≈–
121,175 ¡°./≈‘µ√ µ“¡≈”¥—∫) ·≈–¡’≈—°…≥–∑’Ë¢âπÀπ◊¥
 Ÿß°«à“¡“° ·≈–¡’ ’πÈ”µ“≈‡¢â¡°«à“  “‡ÀµÿÕ“®‡π◊ËÕß®“°„π
°√–∫«π°“√ °—¥·¬°πÈ”¡—π¢Õß∫√‘…—∑‡Õ‡™’¬ππÈ”¡—πª“≈å¡
®”°—¥ ‰¡à¡’∂—ß≈Õ¬·≈–∂—ßµ°®¡„π°“√¥—°πÈ”¡—πÕÕ°¢—ÈπÀπ÷Ëß
°àÕπ‚¥¬À≈—ß®“°‡¢â“‡§√◊ËÕßÀ’∫·∫∫‡°≈’¬«Õ—¥·≈â« ¢Õß‡À≈«
( ≈—¥®å) ∑’Ë‰¥â®–‡¢â“ Ÿà∂—ßæ—°‡æ◊ËÕªÑÕπ‡¢â“‡§√◊ËÕß¥’·§π‡µÕ√å
∑—π∑’ ‚¥¬‡§√◊ËÕß¥’·§π‡µÕ√å∑”Àπâ“∑’Ë·¬°πÈ”¡—πÕÕ°®“°
πÈ”∑‘Èß·≈–°“°µ–°Õπ ∑”„Àâ‰¥âª√‘¡“≥πÈ”∑‘ÈßπâÕ¬ πÈ”∑‘Èß®÷ß

¡’≈—°…≥–¢âπÀπ◊¥ Ÿß ·≈– ’πÈ”µ“≈‡¢â¡ (Õ√—≠ ·≈–§≥–,
2537) ‡¡◊ËÕæ‘®“√≥“≈—°…≥–¢ÕßπÈ”∑‘Èß¢Õß‚√ßß“π °—¥
πÈ”¡—πª“≈å¡‡¥’¬«°—π®“°√“¬ß“πµà“ßÊ ®–‡ÀÁπ«à“¡’§«“¡
·µ°µà“ß°—π ‡π◊ËÕß®“°§«“¡·µ°µà“ß„π‡√◊ËÕß§ÿ≥¿“æ«—µ∂ÿ¥‘∫
°√–∫«π°“√º≈‘µ  °”≈—ß°“√º≈‘µ  ™à«ß‡«≈“„π°“√‡°Á∫
µ—«Õ¬à“ßπÈ”∑‘Èß «‘∏’°“√¥—°‡°Á∫πÈ”¡—π¢Õß‚√ßß“π ‡ªìπµâπ
µ—«Õ¬à“ß‡™àπ ª√–¡“≥ªï æ.». 2533 ∫√‘…—∑‡√Á°´åÕÕ¬≈å ®”°—¥
(ªí®®ÿ∫—π§◊Õ ∫√‘…—∑πÈ”¡—πæ◊™∫√‘ ÿ∑∏‘Ï ®”°—¥) ¡’∫àÕ¥—°πÈ”¡—π
∑’ËÀπâ“À¡âÕ¶à“‡™◊ÈÕ ‡æ◊ËÕ√Õß√—∫πÈ”π÷Ëßª“≈å¡ ‚√ßß“π®—¥„Àâ¡’
§πß“π§Õ¬µ—°πÈ”¡—π∑’Ë≈Õ¬Õ¬Ÿà¥â“π∫π¢Õß∫àÕ¥—°πÈ”¡—π
ÕÕ°‡ªìπ√–¬–Ê °àÕπª≈àÕ¬πÈ”π÷Ëßª“≈å¡‰ª√«¡°—∫πÈ”∑‘Èß®“°
‡§√◊ËÕß¥’·§π‡µÕ√å ·≈â«‰À≈‡¢â“ Ÿà∫àÕ∫”∫—¥πÈ”‡ ’¬√«¡ ∑”„Àâ
πÈ”¡—π·≈–°√’ ¢ÕßπÈ”∑‘Èß¡’§à“µË” 4,700 ¡°./≈‘µ√ ‡¡◊ËÕ°”≈—ß
°“√º≈‘µ‡æ‘Ë¡¢÷Èπ «‘∏’°“√¥—°‡°Á∫πÈ”¡—π‰¥â‡ª≈’Ë¬π·ª≈ß‰ª
√«¡∑—Èß√–¬–‡«≈“∑’Ëª≈àÕ¬„ÀâπÈ”¡—π·¬°µ—«ÕÕ°°Á —Èπ≈ß¥â«¬
∑”„ÀâπÈ”¡—π∑’Ëªπ‰ª°—∫πÈ”∑‘Èß¡’ª√‘¡“≥ Ÿß¢÷Èπ

‡¡◊ËÕº ¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger ATCC

6275 (·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π  200 ¬Ÿπ‘µ/¡≈.) °—∫πÈ”∑‘Èß
®“°‡§√◊ËÕß¥’·§π‡µÕ√å 2 ·À≈àß „πÕ—µ√“ à«π 1:1 ∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ 40ºC ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß æ∫«à“πÈ”∑‘Èß®“°‡§√◊ËÕß
¥’·§π‡µÕ√å∑’Ë‰¥â®“°∫√‘…—∑πÈ”¡—πæ◊™∫√‘ ÿ∑∏‘Ï ®”°—¥ ´÷Ëß‡ªìπ
πÈ”∑‘Èß∑’Ë¡’ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬µË”°«à“·µà¡’ª√‘¡“≥
πÈ”¡—π·≈–°√’  Ÿß°«à“ ‡°‘¥°“√·¬°™—Èπ‡ªìπµ–°Õπ≈Õ¬ ∑—Èß
„π™ÿ¥°“√∑¥≈Õß∑’Ë‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å·≈–™ÿ¥§«∫§ÿ¡
(‡µ‘¡πÈ”°≈—Ëπ·∑π‡Õπ‰´¡å)  à«π°“√∑¥≈Õß°—∫πÈ”∑‘Èß®“°
∫√‘…—∑‡Õ‡™’¬ππÈ”¡—πª“≈å¡ ®”°—¥ ´÷Ëß‡ªìππÈ”∑‘Èß∑’Ë¡’ª√‘¡“≥

Table 1  Characteristics of effluent from different palm oil mills

Pure Oil Co., Ltd. Asian Palm Oil Co., Ltd.
     Parameter This work Prasertsan et al. Maneesri Muneesri This work H-Kittikun et al.

(1990) (1995) (1996) (1994)

pH 4.5 4.6 4.5 4.7 4.5 4.6
COD 112,813 38,250 229,680 35,500 132,184 113,960
Oil & grease 25,520 4,700 31,160 24,900 9,500 14,700
Suspended solids 20,520 11,600 - 33,100 75,530 26,300
Total solids 44,677 36,440 - 53,030 121,175 -

All parameters are in mg/l except pH
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¢Õß·¢Áß·¢«π≈Õ¬ Ÿß·µà¡’ª√‘¡“≥πÈ”¡—π·≈–°√’ µË” æ∫«à“
À≈—ß®“°‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å·≈â«µ—Èß∑‘Èß‰«â 24 ™—Ë«‚¡ß
 “√≈–≈“¬º ¡‰¡à‡°‘¥°“√·¬°™—Èπ∑—Èß™ÿ¥∑’Ë‡µ‘¡ “√≈–≈“¬
‡Õπ‰´¡å·≈–™ÿ¥§«∫§ÿ¡   ∑—Èßπ’È§“¥«à“ “‡ÀµÿÕ“®‡°‘¥®“°
πÈ”∑‘Èß¥—ß°≈à“«¡’ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬ Ÿß‡°‘π‰ªÀ√◊Õ¡’
πÈ”¡—π·≈–°√’ µË”‡°‘π‰ª ®÷ß∑”„Àâ‰¡à‡°‘¥°“√≈Õ¬µ—«¢Õß “√
·¢«π≈Õ¬·≈–πÈ”¡—π ¥—ßπ—Èπ°“√∑¥≈Õß¢—ÈπµàÕ‰ª®÷ß‡≈◊Õ°„™â
πÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å¢Õß∫√‘…—∑‡Õ‡™’¬ππÈ”¡—πª“≈å¡
‡æ◊ËÕ»÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ°“√·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—π

2. º≈¢Õßª√‘¡“≥πÈ”¡—π„ππÈ”∑‘Èß·≈–‡«≈“„π°“√
∫à¡

®“°°“√‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger

ATCC 6275 (·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π  200 ¬Ÿπ‘µ/¡≈.)
≈ß„ππÈ”∑‘Èß®“° decanter ∑’Ë¡’πÈ”¡—πª√‘¡“≥µà“ßÊ „π™à«ß
10-30 °√—¡/≈‘µ√ (Table 2) æ∫«à“ª√‘¡“≥πÈ”¡—πµË” ÿ¥∑’Ë
 “¡“√∂∑”„ÀâπÈ”∑‘Èß‡°‘¥°“√·¬°™—Èπ‡ªìπµ–°Õπ≈Õ¬·≈–
 “√≈–≈“¬ à«π„  („π ¿“«–∑’Ë¡’ “√·¢«π≈Õ¬ª√‘¡“≥ Ÿß)
§◊Õ 15 °√—¡/≈‘µ√ À≈—ß®“°∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40ºC ‡ªìπ‡«≈“
6 ™—Ë«‚¡ß ®–‡ÀÁπ«à“ª√‘¡“µ√¢Õßµ–°Õπ≈Õ¬≈¥≈ßµ“¡√–¬–
‡«≈“°“√∫à¡∑’Ë‡æ‘Ë¡¢÷Èπ ´÷Ëß‡ªìπº≈®“°°“√®—∫°≈ÿà¡°—π·πàπ
¢÷Èπ¢Õß “√·¢«π≈Õ¬  à«ππÈ”∑‘Èß∑’Ë¡’ª√‘¡“≥πÈ”¡—π 30 °√—¡/
≈‘µ√  “√≈–≈“¬º ¡ “¡“√∂‡°‘¥°“√·¬°™—Èπ¥—ß°≈à“«À≈—ß

°“√∫à¡‡æ’¬ß 3 ™—Ë«‚¡ß · ¥ß«à“ª√‘¡“≥πÈ”¡—π∑’Ë Ÿß¢÷Èπ 2

‡∑à“®“°ª√‘¡“≥πÈ”¡—πµË” ÿ¥  “¡“√∂≈¥√–¬–°“√∫à¡‡À≈◊Õ
‡æ’¬ß§√÷ËßÀπ÷Ëß ¥—ßπ—Èπª√‘¡“≥πÈ”¡—π„ππÈ”∑‘Èß®÷ß¡’ à«π™à«¬
„ÀâπÈ”∑‘Èß‡°‘¥°“√·¬°™—Èπ‰¥â‡√Á«¢÷Èπ  ·≈–‡¡◊ËÕ∫à¡π“π 14

™—Ë«‚¡ß  “√≈–≈“¬º ¡‡°‘¥°“√·¬°™—Èπ‡ªìπµ–°Õπ≈Õ¬·≈–
 “√≈–≈“¬ à«π„ ‰¥â 70 ·≈– 30% µ“¡≈”¥—∫ ª√‘¡“µ√
µ–°Õπ≈Õ¬∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È¡’§à“¡“°°«à“„π¢≥–∑’Ë
 “√≈–≈“¬ à«π„ ¡’ª√‘¡“µ√πâÕ¬°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
º≈°“√∑¥≈Õß¢Õß Prasertsan ·≈–§≥– (1997) ´÷Ëß
∑¥≈Õß‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger ATCC 6275

≈ß„ππÈ”∑‘Èß∑’Ë¡’ª√‘¡“≥πÈ”¡—π·≈–°√’  31.16 ¡°/≈‘µ√ (·µà
¡’ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬µË”°«à“°“√∑¥≈Õßπ’È) ∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ 40ºC π“π 19 ™—Ë«‚¡ß  “√≈–≈“¬º ¡‡°‘¥°“√
·¬°™—Èπ‡ªìπµ–°Õπ≈Õ¬·≈– “√≈–≈“¬ à«π„  33 ·≈–
67% µ“¡≈”¥—∫ §«“¡·µ°µà“ßπ’È‡π◊ËÕß®“°πÈ”∑‘Èß∑’Ë„™â„π°“√
∑¥≈Õßπ’È¡’ª√‘¡“≥ “√·¢«π≈Õ¬ Ÿß¡“° ∑”„Àâ¡’§«“¡¢âπ
Àπ◊¥ Ÿß  “√·¢«π≈Õ¬®–„™â√–¬–‡«≈“¡“°°«à“„π°“√·¬°
µ—«ÕÕ°®“°πÈ”∑‘Èß ·µà°“√∑¥≈Õßπ’È„™â√–¬–‡«≈“°“√∫à¡πâÕ¬
°«à“ ®÷ß‰¥âª√‘¡“µ√¢Õß “√≈–≈“¬ à«π„ µË”°«à“

3. º≈¢Õßª√‘¡“≥·≈–·À≈àß¢Õß‡Õπ‰´¡å
°“√‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger ATCC

6275 ·≈–‡Õπ‰´¡å∑“ß°“√§â“ Meicellase ∑’Ë¡’·Õ§∑‘«‘µ’È

Table 2 Effect of oil content in the decanter effluent on the oc-
currence of bulking solid after the addition of enzymes*
from Aspergillus niger ATCC 6275 and incubation at
40ºC for 14 h

Oil content                              Bulking solid (%)

       (g/l) time (h) 1 2 3 6 9 12 14

Control** 0 0 0 0 0 0 0
     10 0 0 0 0 0 0 0
     15 0 0 0 96 86 82 74
     20 0 0 0 98 90 88 78
     25 0 0 0 96 88 85 78
     30 0 0 96 84 78 76 70

* Xylanase activity of the enzyme solution was 200 U/ml
** initial mixture contained 50% decanter effluent and 50% enzyme

solution or 50% distilled water (control).
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Table 3 Effect of concentration and source of enzyme for treatment of
decanter effluent from palm oil mill after incubation at 40ºC
for 14 h

Volume (%)

top layer bottom layer middle layer
(bulking solid) (sediment) (liquid)

Enzyme from A. niger ATCC 6275
Control 0 0 0
200 84 0 16
400 84 0 16
600 86 0 14
800 80 0 20

Meicellase
Control 0 0 0
200 0 49 51
400 0 45 55
600 32 34 34
800 32 0 68

* initial mixture contained 50% decanter effluent and 50% enzyme solution or 50%
distilled water (control).

Enzyme activity
(Unit/ml)

¢Õß‡Õπ‰´¡å‰´≈“‡π  200, 400, 600 ·≈– 800 ¬Ÿπ‘µ/¡≈.
≈ß„ππÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å∑’Ë¡’ª√‘¡“≥πÈ”¡—π·≈–°√’ 
15 ¡°./≈‘µ√ (Table 3) æ∫«à“√–¥—∫·Õ§∑‘«‘µ’ÈµË” ÿ¥¢Õß
‡Õπ‰´¡å‰´≈“‡π ®“° A. niger ∑’Ë∑”„Àâ “√≈–≈“¬º ¡
‡°‘¥°“√·¬°™—Èπ§◊Õ 200 ¬Ÿπ‘µ/¡≈. ‚¥¬‡°‘¥°“√·¬°™—Èπ‡ªìπ
µ–°Õπ≈Õ¬·≈– “√≈–≈“¬ à«π„  84 ·≈– 16% µ“¡≈”¥—∫
À≈—ß°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40ºC π“π 14 ™—Ë«‚¡ß ‚¥¬§à“∑’Ë‰¥â
‰¡à·µ°µà“ß°—∫°“√„™â‡Õπ‰´¡å∑’Ë¡’·Õ§∑‘«‘µ’È‡∑à“°—∫ 400, 600

·≈– 800 ¬Ÿπ‘µ/¡≈. ‚¥¬¡’§à“ª√‘¡“µ√¢Õßµ–°Õπ≈Õ¬ 84,

86 ·≈– 80% µ“¡≈”¥—∫ ·≈– “√≈–≈“¬ à«π„  16, 14

·≈– 20% µ“¡≈”¥—∫
 à«π°“√„™â‡Õπ‰´¡å Meicellase æ∫«à“ √–¥—∫

·Õ§∑‘«‘µ’ÈµË” ÿ¥∑’Ë∑”„Àâ‡°‘¥µ–°Õπ≈Õ¬§◊Õ 600 ¬Ÿπ‘µ/¡≈.
‚¥¬‡°‘¥°“√·¬°™—Èπ‡ªìπµ–°Õπ≈Õ¬ ·≈– “√≈–≈“¬ à«π„ 
·≈–µ–°Õπ¥â“π≈à“ß 32, 34 ·≈– 34% µ“¡≈”¥—∫ À≈—ß°“√
∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40ºC π“π 14 ™—Ë«‚¡ß „π¢≥–∑’Ë·Õ§∑‘«‘µ’È
¢Õß‡Õπ‰´¡å‡∑à“°—∫ 800 ¬Ÿπ‘µ/¡≈.  “√≈–≈“¬º ¡‡°‘¥
°“√·¬°™—Èπ‡ªìπµ–°Õπ≈Õ¬ (32%) ·≈– “√≈–≈“¬ à«π„ 

(68%) ‚¥¬‰¡à¡’µ–°Õπ¥â“π≈à“ß‡°‘¥¢÷Èπ  à«π∑’Ë√–¥—∫·Õ§-
∑‘«‘µ’È 200 ·≈– 400 ¬Ÿπ‘µ/¡≈. ‰¡à¡’µ–°Õπ≈Õ¬‡°‘¥¢÷Èπ ‡°‘¥
°“√·¬°™—Èπ‡ªìπ 2  à«π §◊Õ  “√≈–≈“¬ à«π„  ·≈–µ–°Õπ
¥â“π≈à“ß ‚¥¬¡’ª√‘¡“µ√ª√–¡“≥ 50% (Figure 2)

®“°°“√∑¥≈Õß®–‡ÀÁπ«à“ ‡Õπ‰´¡å®“° A. niger

ATCC 6275 ¡’ª√– ‘∑∏‘¿“æ¥’°«à“‡Õπ‰´¡å∑“ß°“√§â“∑’Ë
§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å‡∑à“°—∫ 200 ¬Ÿπ‘µ/¡≈. °“√∑’Ë
‡Õπ‰´¡å “¡“√∂∑”„Àâ‡°‘¥°“√·¬°™—Èπ‰¥â ‡π◊ËÕß®“°‡Õπ‰´¡å
¬àÕ¬ ≈“¬ “√·¢«π≈Õ¬ ÷́Ëßª√–°Õ∫¥â«¬‡´≈≈Ÿ‚≈ ·≈–
‡Œ¡‘‡´≈≈Ÿ‚≈ ∑’Ë≈âÕ¡√Õ∫‡¡Á¥πÈ”¡—π ®÷ß∑”„Àâ‡°‘¥°“√ª≈¥
ª≈àÕ¬‡¡Á¥πÈ”¡—πÕÕ°¡“ ¢≥–‡¥’¬«°—π°“√≈Õ¬µ—«¢Õß‡¡Á¥
πÈ”¡—π°Á∑”„Àâ “√·¢«π≈Õ¬‡°‘¥°“√≈Õ¬µ—«¢÷Èπ‰ª¥â«¬

4. º≈¢ÕßÕÿ≥À¿Ÿ¡‘
°“√‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger ATCC

6275 ∑’Ë¡’√–¥—∫·Õ§∑‘«‘µ’È¢Õß‰´≈“‡π  200 ¬Ÿπ‘µ/¡≈. „π
πÈ”∑‘Èß®“°‡§√◊ËÕß¥’·§π‡µÕ√å¢Õß‚√ßß“π °—¥πÈ”¡—πª“≈å¡∑’Ë
¡’ª√‘¡“≥πÈ”¡—π·≈–°√’  15 °√—¡/≈‘µ√ ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
(ª√–¡“≥ 30ºC) 40, 50, 55, 60 ·≈– 65ºC ‚¥¬„™â‡«≈“
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Figure 2 Effect of enzyme Meicellase on the separation of suspension of suspended solids
and oil from the palm oil mill effluent (POME, 9.5 g/l oil) after incubation at 40ºC
for 14 h.
A, B, C, D: POME with 15 g/l oil and mixed with distilled water, enzyme solution
possessing xylanase activity of 800, 600 and 400 U/ml, respectively.

„π°“√∫à¡ 18 ™—Ë«‚¡ß æ∫«à“°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 40-60ºC

 “√≈–≈“¬º ¡‡°‘¥°“√·¬°™—Èπ‰¥âª√‘¡“µ√¢Õßµ–°Õπ≈Õ¬
„π™à«ß 73-78% ·≈– “√≈–≈“¬ à«π„  22-27% ´÷Ëß‰¡à
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ ·≈–¥’°«à“§à“∑’Ë‰¥â®“°°“√∫à¡∑’Ë
Õÿ≥À¿Ÿ¡‘ 65ºC ´÷Ëß¡’§à“‡∑à“°—∫ 83 ·≈– 17% µ“¡≈”¥—∫
®“°°“√∑¥≈Õßπ’ÈÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π™à«ß 40-60ºC ¡’§à“
„°≈â‡§’¬ß°—∫Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ·Õ§∑‘«‘µ’È¢Õß‰´≈“π §◊Õ
55ºC ( ¡√—°…å, 2537)   à«π°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß´÷Ëß®—¥
‡ªìπ™ÿ¥§«∫§ÿ¡ æ∫«à“ “√≈–≈“¬º ¡‰¡à‡°‘¥°“√·¬°™—Èπ
·¡â«à“®–„™â‡«≈“„π°“√∫à¡π“π 18 ™—Ë«‚¡ß

5. º≈¢Õßæ’‡Õ™‡√‘Ë¡µâπ
®“°°“√‡µ‘¡ “√≈–≈“¬‡Õπ‰´¡å®“° A. niger

ATCC 6275 ∑’Ë¡’·Õ§∑‘«‘µ’È 200 ¬Ÿπ‘µ/¡≈. ≈ß„ππÈ”∑‘Èß®“°
‡§√◊ËÕß¥’·§π‡µÕ√å∑’Ë¡’πÈ”¡—π·≈–°√’  15,000 ¡°./≈‘µ√
ª√—∫æ’‡Õ™‡√‘Ë¡µâπ¢ÕßπÈ”∑‘Èß„Àâ‡∑à“°—∫ 3.5, 4.5, 5.0, 5.5

·≈– 6.5 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 60ºC ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß (Table

4) æ∫«à“πÈ”∑‘Èß∑’Ë¡’æ’‡Õ™‡√‘Ë¡µâπ„π™à«ß 4.5-5.5 ‡°‘¥°“√
·¬°™—Èπ‰¥â¥’∑’Ë ÿ¥ (‰¥âµ–°Õπ≈Õ¬ 78%) √Õß≈ß¡“§◊Õ ∑’Ë
æ’‡Õ™ 6.5 (82%) ∑’Ëæ’‡Õ™‡√‘Ë¡µâπ 3.5 ·≈– 4.5 ª√‘¡“≥
πÈ”¡—π·≈–°√’ ≈¥≈ß¡“°∑’Ë ÿ¥§◊Õ 95%  √Õß≈ß¡“§◊Õ ∑’Ë
æ’‡Õ™ 5.0 (94%) ´÷Ëß„°≈â‡§’¬ß°—∫√“¬ß“π¢Õß Prasertsan

·≈–§≥– (1997) (99%)   à«π°“√≈¥≈ß¢Õß§à“´’‚Õ¥’
æ∫«à“∑’Ëæ’‡Õ™ 4.5 ´’‚Õ¥’¢ÕßπÈ”∑‘Èß≈¥≈ß Ÿß ÿ¥ 35% ´÷Ëß
µË”°«à“§à“ 71% ∑’Ë‡§¬¡’√“¬ß“π¡“°àÕπ (Prasertsan, et al.,

1997) ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°°“√∑¥≈Õßπ’È„™âÕÿ≥À¿Ÿ¡‘ 60ºC

´÷Ëß‡Õπ‰´¡å‰´≈“‡π ¡’·Õ§∑‘«‘µ’È≈¥≈ß‡À≈◊Õ‡æ’¬ß§√÷ËßÀπ÷Ëß
À≈—ß°“√∫à¡‡ªìπ‡«≈“ 120 π“∑’ ( ¡√—°…å, 2537) ®“°°“√
 —ß‡°µæ∫«à“°“√ª√—∫æ’‡Õ™¡’º≈µàÕ ’¢ÕßπÈ”∑‘Èß ‚¥¬∑’Ëæ’‡Õ™
 Ÿß°«à“ 5.5 πÈ”∑‘Èß‡ª≈’Ë¬π®“° ’πÈ”µ“≈‡ªìππÈ”µ“≈¥” ‡π◊ËÕß
®“°‡°‘¥°“√∑”ªØ‘°√‘¬“¢Õß‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å°—∫‡°≈◊Õ
¢Õß‚≈À– ‡™àπ ·§≈‡´’¬¡ ·¡°π’‡´’¬¡ ‡À≈Á° ·≈–∑Õß·¥ß
∑’Ë¡’Õ¬Ÿà„ππÈ”∑‘Èß (Salunkhe and Desai, 1986)
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 √ÿª

°“√º≈‘µ‡Õπ‰´¡åºß®“° A. niger ATCC 6275 ∑’Ë
‡≈’È¬ß∫π°“°ª“≈å¡ ‰¥âº≈º≈‘µ 38% (‚¥¬πÈ”Àπ—°) ‡Õπ‰´¡å
ºß∑’Ë‰¥â¡’·Õ§∑‘«‘µ’È≈¥≈ß‡À≈◊Õ§√÷ËßÀπ÷ËßÀ≈—ß‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘
4ºC ‡ªìπ‡«≈“ 9 ‡¥◊Õπ   à«πªí®®—¬·≈–§à“∑’Ë‡À¡“– ¡µàÕ
°“√·¬° “√·¢«π≈Õ¬·≈–πÈ”¡—πÕÕ°®“°πÈ”∑‘Èß¢Õß‚√ßß“π
 °—¥πÈ”¡—πª“≈å¡∑’Ë¡’§ÿ≥≈—°…≥– “√·¢«π≈Õ¬ Ÿß·≈–πÈ”¡—π
µË” ‰¥â·°à ª√‘¡“≥πÈ”¡—π (§à“µË” ÿ¥∑’ËµâÕß°“√‡∑à“°—∫ 15

°√—¡/≈‘µ√) ·Õ§∑‘«‘µ’È¢Õß‡Õπ‰´¡å (§à“µË” ÿ¥¢Õß‰´≈“‡π 
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‡√‘Ë¡µâπ¢ÕßπÈ”∑‘Èß (æ’‡Õ™ 4.5) ¿“¬„µâ ¿“«–∑’Ë‡À¡“– ¡
‡À≈à“π’È ·≈–∑’Ë√–¬–‡«≈“°“√∫à¡ 3 ™—Ë«‚¡ß  “¡“√∂·¬° “√
·¢«π≈Õ¬‰¥âª√‘¡“µ√¢Õßµ–°Õπ≈Õ¬ 78% ·¬°πÈ”¡—π
·≈–°√’ ‰¥â 95% ∑”„Àâ§à“´’‚Õ¥’≈¥≈ß 35%

‡Õ° “√Õâ“ßÕ‘ß
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Table 4 Effect of temperature and incubation time on the occur-
rence of bulking solids after the addition of enzyme* from
Aspergillus niger ATCC 6275 into the decanter effluent

Temp. (ºC)                      Volume of bulking solid (%)

            Time (h) 1 2 3 4 5 6 9 18

room temp. 0 0 0 0 0 0 0 0
       40 0 0 0 0 0 94 87 78
       50 0 98 93 87 85 83 80 75
       55 0 90 84 82 80 80 78 73
       60 97 87 83 82 80 79 78 74
       65 97 87 86 85 84 84 84 83

* Xylanase activity was 200 unit/ml


