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Abstract
Ritthipairote, T.1, Youravong, W.1 and Wanichapichart, P.2

Flux, rejection and fouling during microfiltration and ultrafiltration of

sugar palm sap using a pilot plant scale
Songklanakarin J. Sci. Technol., 2006, 28(4) : 817-828

The possibility of using a pilot plant scale microfiltration (MF) and ultrafiltration (UF) to clarify and

reduce number of bacteria, yeast and mould of sugar palm sap was studied. The membrane used was multi

channel tubular ceramic membrane (ZrO
2
-TiO

2
) with membrane pore size 0.2 and 0.1 µµµµµm and molecular

weight cut off (MWCO) 300 and 50 kDa for microfiltration and ultrafiltration respectively. The experiment

was carried out to investigate the rejection of the components in sugar palm sap, permeate flux and fouling

characteristics. The results showed that the turbidity, the total solid, the viscosity and the numbers of bacteria,

yeast and mould in the permeate obtained by MF and UF were reduced significantly compared to those of

fresh sugar palm sap. The total soluble solid, total sugar, reducing sugar and pH were not affected by MF and

UF. The permeate fluxes for all membranes were reduced greatly as the volume concentration ratio (VCR)
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Microfiltration and ultrafiltration of sugar palm sap

Ritthipairote, T., et al.

increased due to severe fouling. The irreversible fouling on membrane surface and/or inside the membrane

tended to increase with increasing membrane pore size or MWCO. The result also suggested that protein

and small particle in the sugar palm sap were probably responsible for the internal fouling of large pore size

membrane. According to the physical, chemical and microorganism quality results, both MF and UF showed

the potential use for improving the quality of sugar palm sap but flux reduction due to fouling was a major

problem affecting the process performance.

Key words : sugar palm sap, ultrafiltration, microfiltration, clarification, fouling
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„πß“π«‘®—¬π’È‰¥â»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√‡æ‘Ë¡§«“¡„ ·≈–°“√≈¥®”π«π·∫§∑’‡√’¬ ¬’ µå·≈–√“ „ππÈ”µ“≈

‚µπ¥ ‚¥¬°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π (microfiltration, MF) ·≈–Õ—≈µ√“øî≈‡µ√™—π (ultrafiltration, UF) „π√–¥—∫

‚√ßß“π∑¥≈Õß ‡¡¡‡∫√π∑’Ë„™â‡ªìπ·∫∫∑àÕ∑”®“°‡´√“¡‘° (ZrO
2
-TiO

2
) ∑’Ë¡’¢π“¥√Ÿæ√ÿπ 0.2 ·≈– 0.1 ‰¡‚§√‡¡µ√

·≈– molecular weight cut off (MWCO) 300 ·≈– 50 °‘‚≈¥“≈µ—π  „π°“√∑¥≈Õß‰¥â»÷°…“§«“¡ “¡“√∂„π°“√

°—°°—πÕß§åª√–°Õ∫µà“ßÊ „ππÈ”µ“≈‚µπ¥ §à“‡æÕ¡‘‡Õ∑ø≈—°´å·≈–ø“«≈‘ß ®“°°“√∑¥≈Õßæ∫«à“πÈ”µ“≈‚µπ¥„π à«π

¢Õß‡æÕ¡‘‡Õ∑∑’Ë‰¥â®“°°√–∫«π°“√Õ—≈µ√“øî≈‡µ√™—π·≈–‰¡‚§√øî≈‡µ√™—π ¡’§«“¡¢ÿàπ §«“¡Àπ◊¥ ª√‘¡“≥¢Õß·¢Áß

∑—ÈßÀ¡¥ ª√‘¡“≥‚ª√µ’π ·≈–®”π«π®ÿ≈‘π∑√’¬å≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫πÈ”µ“≈‚µπ¥ ¥ „π¢≥–∑’Ë§à“

æ’‡Õ™ ª√‘¡“≥πÈ”µ“≈∑—ÈßÀ¡¥ πÈ”µ“≈√’¥‘«´å ·≈–ª√‘¡“≥¢Õß·¢Áß∑’Ë≈–≈“¬‰¥â„π‡æÕ¡‘‡Õ∑·≈–πÈ”µ“≈‚µπ¥ ¥ ‰¡à¡’

§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠  §à“ø≈—°´å≈¥≈ßÕ¬à“ß√«¥‡√Á«‡¡◊ËÕ§à“Õ—µ√“ à«π§«“¡‡¢â¡¢âπ‡™‘ßª√‘¡“µ√ (volume

concentration ratio, VCR) ‡æ‘Ë¡¢÷Èπ ∑—Èßπ’È‡π◊ËÕß¡“®“°°“√‡°‘¥ø“«≈‘ß„π√–À«à“ß°“√°√ÕßÕ¬à“ß√ÿπ·√ß ø“«≈‘ß·∫∫‰¡à

 “¡“√∂º—π°≈—∫‰¥â´÷Ëß “¡“√∂‡°‘¥∑—Èß∫πº‘«Àπâ“‡¡¡‡∫√π·≈–¿“¬„π√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π‡π◊ËÕß®“° “√·¢«π≈Õ¬

‚ª√µ’π·≈–Õπÿ¿“§¢π“¥‡≈Á°„ππÈ”µ“≈‚µπ¥  ¡’·π«‚πâ¡ Ÿß¢÷Èπ‡¡◊ËÕ„™â‡¡¡‡∫√π∑’Ë¡’¢π“¥√Ÿæ√ÿπ„À≠à¢÷Èπ  °“√»÷°…“

§√—Èßπ’È™’È„Àâ‡ÀÁπ«à“ “¡“√∂„™â°√–∫«π°“√ MF ·≈– UF ª√—∫ª√ÿß ¡∫—µ‘∑“ß¥â“π°“¬¿“æ ‡§¡’·≈–®ÿ≈‘π∑√’¬å¢ÕßπÈ”µ“≈

‚µπ¥‰¥â¥’ ·µàÕ¬à“ß‰√°Áµ“¡ °“√≈¥≈ß¢Õßø≈—°´å‡π◊ËÕß®“°ø“«≈‘ß·≈–§Õπ‡´Áπ‡µ√™—π‚æ≈“‰√‡´™—π ¬—ß‡ªìπªí≠À“

À≈—°∑’Ë àßº≈°√–∑∫µàÕ ¡√√∂π–¢Õß°√–∫«π°“√´÷Ëß§«√µâÕß»÷°…“„π‡™‘ß≈÷°µàÕ‰ª

„π√–¬–À≈“¬ªï∑’Ëºà“π¡“‡∑§‚π‚≈¬’‡¡¡‡∫√π
(membrane technology) ‰¥â‡¢â“¡“¡’∫∑∫“∑ ”§—≠„π
°“√æ—≤π“º≈‘µ¿—≥±å·≈–°√–∫«π°“√º≈‘µ„πÕÿµ “À°√√¡
Õ“À“√Õ¬à“ß·æ√àÀ≈“¬  ‡™àπ  πÈ”º≈‰¡â  ‡∫’¬√å  ·≈–πÈ”µ“≈
‡ªìπµâπ  ”À√—∫Õÿµ “À°√√¡πÈ”º≈‰¡â °√–∫«π°“√Õ—≈µ√“
øî≈‡µ√™—π (ultrafiltration, UF)  ·≈–‰¡‚§√øî≈‡µ√™—π
(microfiltration, MF) ¡’∫∑∫“∑∑”„Àâº≈‘µ¿—≥±åπÈ”º≈‰¡â
¡’§ÿ≥¿“æ Ÿß¢÷Èπ  ‚¥¬°“√≈¥ª√‘¡“≥®ÿ≈‘π∑√’¬å  °“√‡æ‘Ë¡
§«“¡„ ·≈–°“√§ß§«“¡ ¥   „πªí®®ÿ∫—πºŸâ∫√‘‚¿§¡’§«“¡

µâÕß°“√º≈‘µ¿—≥±åπÈ”º≈‰¡â∑’Ë¡’§ÿ≥¿“æ„°≈â‡§’¬ß°—∫πÈ”
º≈‰¡â ¥∑’Ëª√“»®“° “√‡§¡’·≈– “√‡µ‘¡·µàß ·≈–¡’Õ“¬ÿ
°“√‡°Á∫π“π¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫πÈ”º≈‰¡â ¥∑’Ë‰¡àºà“π
°√–∫«π°“√·ª√√Ÿª¥â«¬§«“¡√âÕπ  ¥—ßπ—Èπ°√–∫«π°“√
‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π ®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß
∑’Ë ”§—≠„πÕÿµ “À°√√¡°“√·ª√√ŸªπÈ”º≈‰¡â πÕ°‡Àπ◊Õ®“°
°√–∫«π°“√·ª√√Ÿª‚¥¬„™â§«“¡√âÕπ·≈– “√‡§¡’´÷Ëß‡ªìπ
 “‡Àµÿ∑”„Àâ§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å≈¥≈ß (Pereira et al.,

2002; Matta et al.,2004) ‚¥¬∑—Ë«‰ª°“√„™â°√–∫«π°“√
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Õ—≈µ√“øî≈‡µ√™—π·≈–‰¡‚§√øî≈‡µ√™—π ”À√—∫°“√·ª√√ŸªπÈ”
º≈‰¡â·≈–‡§√◊ËÕß¥◊Ë¡ ¡’«—µ∂ÿª√– ß§å¥—ßπ’È§◊Õ (1) °“√∑”„Àâ„ 
(clarification) ‚¥¬·¬°‡Õ“ “√‚¡‡≈°ÿ≈„À≠à ‡™àπ ·ªÑß
‡ âπ„¬ ·≈–Õß§åª√–°Õ∫∑’Ë‰¡à “¡“√∂≈–≈“¬‰¥âÕÕ°‰ª ‚¥¬
 “¡“√∂·¬°‰¥â¥’°«à“°√–∫«π°“√°“√∑”„Àâ„ ·∫∫∑—Ë«‰ª
(2) °“√≈¥ª√‘¡“≥®ÿ≈‘π∑√’¬å ∑”„ÀâπÈ”º≈‰¡â à«π¢Õß‡æÕ¡‘-
‡Õ∑ (permeate) ª≈Õ¥‡™◊ÈÕ‚¥¬‰¡à„™â§«“¡√âÕπ À√◊Õ∑’Ë‡√’¬°
«à“ "‚§≈ ‡µÕ√‘‰√‡´™—π" (cold sterilization) º≈‘µ¿—≥±å∑’Ë
‰¥â®÷ß¡’§ÿ≥¿“æ·≈–°≈‘Ëπ√ ‰¡à‡ª≈’Ë¬π·ª≈ßÀ√◊Õ‡ª≈’Ë¬π·ª≈ß
‡æ’¬ß‡≈Á°πâÕ¬ „π∫“ß°√≥’‰¥âπ” à«π¢Õß√’‡∑π‡∑∑ (reten-

tate) ´÷Ëß‡ªìπ à«π∑’Ë∂Ÿ°°—°‰«â¥â«¬‡¡¡‡∫√π·≈–¡’ª√‘¡“≥
‡™◊ÈÕ®ÿ≈‘π∑√’¬å Ÿß‰ªæ“ ‡®Õ√å‰√´åÀ√◊Õ ‡µÕ√‘‰√´å ·≈â«‡µ‘¡
°≈—∫≈ß„π‡æÕ¡‘‡Õ∑   àßº≈„Àâº≈‘µ¿—≥±åπÈ”º≈‰¡â∑’Ë‰¥â¡’
§ÿ≥ ¡∫—µ‘„°≈â‡§’¬ß°—∫πÈ”º≈‰¡â ¥¡“°°«à“º≈‘µ¿—≥±å∑’Ëºà“π
°“√¶à“‡™◊ÈÕ‚¥¬„™â§«“¡√âÕπ‡æ’¬ßÕ¬à“ß‡¥’¬« (Vaillant et

al.,1999) ªí®®ÿ∫—π‰¥â¡’°“√„™â°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π
·≈–Õ—≈µ√“øî≈‡µ√™—π„πÕÿµ “À°√√¡·ª√√Ÿªº≈‰¡âÀ≈“¬
™π‘¥ ‡™àπ πÈ”·Õª‡ªîô≈ πÈ” —∫ª–√¥ πÈ”ÕâÕ¬ πÈ” â¡ ‡ªìπµâπ

πÈ”µ“≈‚µπ¥‡ªìπº≈º≈‘µ∑“ß°“√‡°…µ√∑’Ë¡’¡“°„π
ª√–‡∑»‰∑¬·≈–ª√–‡∑»„°≈â‡§’¬ß ‚¥¬∑—Ë«‰ªπÈ”µ“≈‚µπ¥¡’
§«“¡¢ÿàπ Ÿß·≈–¡’Õß§åª√–°Õ∫∑’Ë‡À¡“– ¡µàÕ°“√‡®√‘≠
‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å ∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß‡π◊ËÕß®“°°“√
À¡—°‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« àßº≈„Àâ§ÿ≥¿“æ¢ÕßπÈ”µ“≈‚µπ¥
À≈—ß°“√‡°Á∫‡°’Ë¬«≈¥≈ß®π‰¡à “¡“√∂∫√‘‚¿§ ¥‰¥â‡¡◊ËÕ‡°Á∫
‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡°‘π 3 ™—Ë«‚¡ß ‚¥¬ª√–¡“≥   ªí®®ÿ∫—π
πÈ”µ“≈‚µπ¥·ª√√Ÿª∑’Ë¡’¢“¬„π∑âÕßµ≈“¥ºà“π°“√ ‡µÕ√‘‰√ ǻ
‚¥¬„™â§«“¡√âÕπ  ·¡â®– “¡“√∂‡°Á∫º≈‘µ¿—≥±å‰«â‰¥âπ“π
·µàº≈‘µ¿—≥±åπÈ”µ“≈‚µπ¥∑’Ë‰¥â®–¡’°“√‡ª≈’Ë¬π·ª≈ß√ ™“µ‘
 ’  ·≈–°≈‘Ëπ  Õ¬à“ß™—¥‡®π  ‡¡◊ËÕ‡∑’¬∫°—∫πÈ”µ“≈‚µπ¥ ¥
 ”À√—∫°“√·ª√√Ÿª¥â«¬°√–∫«π°“√Õ—≈µ√“øî≈‡µ√™—π ·≈–
‰¡‚§√øî≈‡µ√™—π‡ªìπ°√–∫«π°“√∑’Ë‰¡à„™â§«“¡√âÕπ ®÷ß§“¥
À«—ß«à“§ÿ≥¿“æº≈‘µ¿—≥±å∑’Ë‰¥â®–„°≈â‡§’¬ß°—∫πÈ”µ“≈‚µπ¥
 ¥ ‚¥¬¡’µ—«∫àß™’È ”§—≠∑’Ë„™â„π°“√∫àß∫Õ°§«“¡‡ªìπ‰ª‰¥â
„π∑“ß‡∑§π‘§·≈– ¡√√∂π–¢Õß°√–∫«π°“√§◊Õ §à“ø≈—°´å
(flux) §«“¡√ÿπ·√ß¢Õß°“√‡°‘¥ø“«≈‘ß (fouling) ´÷Ëß‡ªìπ
°“√Õÿ¥µ—π¢ÕßÕπÿ¿“§∫πº‘«Àπâ“·≈–À√◊Õ„π√Ÿæ√ÿπ¢Õß
‡¡¡‡∫√π  ·≈–§«“¡ “¡“√∂„π°“√°—°°—π “√À√◊ÕÕß§å
ª√–°Õ∫ ´÷Ëß¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß°—∫ ¡∫—µ‘∑“ß¥â“π‡§¡’

°“¬¿“æ·≈–®ÿ≈‘π∑√’¬å¢Õßº≈‘µ¿—≥±å
°“√«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§«“¡‡ªìπ‰ª‰¥â

„π°“√„™â°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π
√–¥—∫‚√ßß“π∑¥≈Õß ·ª√√ŸªπÈ”µ“≈‚µπ¥ ¥„Àâº≈‘µ¿—≥±å
∑’Ë‰¥â„°≈â‡§’¬ß°—∫πÈ”µ“≈‚µπ¥ ¥ ¡’§«“¡„ ·≈–‡°Á∫√—°…“
‰¥âπ“π ‚¥¬»÷°…“∂÷ßº≈¢Õß°√–∫«π°“√µàÕ°“√°—°°—πÕß§å
ª√–°Õ∫„ππÈ”µ“≈‚µπ¥ ÷́Ëß àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß
§ÿ≥ ¡∫—µ‘¥â“π‡§¡’ °“¬¿“æ ·≈–®ÿ≈‘π∑√’¬å¢ÕßπÈ”µ“≈‚µπ¥
·≈–°“√‡ª≈’Ë¬π·ª≈ß§à“ø≈—°´å·≈–§«“¡µâ“π∑“π‡π◊ËÕß®“°
ø“«≈‘ß  ‚¥¬§“¥À«—ß«à“¢âÕ¡Ÿ≈∑’Ë‰¥â®–‡ªìπ·π«∑“ß„π°“√
ª√–¬ÿ°µå„™â‡∑§‚π‚≈¬’‡¡¡‡∫√π„π°“√·ª√√ŸªπÈ”µ“≈‚µπ¥
·≈–πÈ”º≈‰¡â™π‘¥Õ◊ËπÊ ∑’Ë¡’≈—°…≥–„°≈â‡§’¬ß

«— ¥ÿ·≈–«‘∏’°“√∑¥≈Õß

1. πÈ”µ“≈‚µπ¥ ¥

πÈ”µ“≈‚µπ¥∑’Ë„™â‡ªìππÈ”µ“≈‚µπ¥ ¥∑’Ë¡’°“√‡µ‘¡
‰¡â‡§’Ë¬¡„π√–À«à“ß°“√‡°Á∫‡°’Ë¬« ∑”°“√‡°Á∫µ—«Õ¬à“ß„ à¢«¥
æ≈“ µ‘°¢π“¥ 1.5 ≈‘µ√ ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC µ≈Õ¥°“√
¢π àß ·≈–„™â∑¥≈Õß„ÀâÀ¡¥¿“¬„π 10 ™—Ë«‚¡ß °àÕπ°“√
∑¥≈Õß°√ÕßπÈ”µ“≈‚µπ¥ ¥ºà“πºâ“¢“«∫“ß‡æ◊ËÕ·¬°
µ–°Õπ·≈–Õπÿ¿“§¢π“¥„À≠àÕÕ° ·≈–„Àâ§«“¡√âÕπ®π¡’
Õÿ≥À¿Ÿ¡‘ 50ºC ‡æ◊ËÕ≈¥Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å
„π√–À«à“ß∑¥≈Õß ®“°π—Èππ”‡¢â“√–∫∫°√Õß

2. √–∫∫°√Õß√–¥—∫‚√ßß“π∑¥≈Õß·≈–‡¡¡‡∫√π

√“¬≈–‡Õ’¬¥¢Õß√–∫∫°√Õß· ¥ß„π Figure 1

ª√–°Õ∫¥â«¬∂—ß 2 ™—Èπ  ª√‘¡“µ√ 50 ≈‘µ√  ‡ªìπ∂—ßªÑÕπ
µ—«Õ¬à“ß  “¡“√∂∑”Àπâ“∑’Ë‡ªìπ‡§√◊ËÕß·≈°‡ª≈’Ë¬π§«“¡√âÕπ
‰¥â  ªÑÕπµ—«Õ¬à“ß‡¢â“√–∫∫‚¥¬„™âªíö¡À¡ÿπ‡À«’Ë¬ßÀπ’»Ÿπ¬å
°≈“ß (centrifugal pump) ∑’Ë “¡“√∂ª√—∫Õ—µ√“°“√‰À≈
¢Õß “√ªÑÕπ·≈–§«“¡¥—π‚¥¬°“√ª√—∫§«“¡∂’Ë¢Õßµ—«∑”
°√–·  ≈—∫ (inverter) ·≈–°“√ª√—∫«“≈å«¢Õß√’‡∑π‡∑∑
«—¥§«“¡¥—π¢Õß “√ªÑÕπ √’‡∑π‡∑∑·≈–‡æÕ¡‘‡Õ∑ ¥â«¬À—«
«—¥§«“¡¥—π (pressure transducer) ¡’¬à“π°“√«—¥Õ¬Ÿà„π
™à«ß  0-10  ∫“√å  „™âπÈ”‡¬Áπºà“π∂—ß “√ªÑÕπ‡æ◊ËÕ§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘πÈ”µ“≈‚µπ¥„Àâ§ß∑’Ë 50±1ºC  µ≈Õ¥°“√∑¥≈Õß
‡¡¡‡∫√π∑’Ë„™â‡ªìπ·∫∫∑àÕ∑”®“°‡´√“¡‘° (ZrO

2
-TiO

2
)



Songklanakarin J. Sci. Technol.

Vol.28  No.4  Jul. - Aug. 2006 820

Microfiltration and ultrafiltration of sugar palm sap

Ritthipairote, T., et al.

(¬’ËÀâÕ Rhodia Orelis √ÿàπ KERASEPTM K01B ∫√‘…—∑
MIRIBER CEDEX ª√–‡∑»Ω√—Ëß‡» ) √–¥—∫‰¡‚§√øî≈-
‡µ√™—π√Ÿæ√ÿπ¢π“¥ 0.2 ·≈– 0.1 ‰¡‚§√‡¡µ√ ·≈–√–¥—∫
Õ—≈µ√“øî≈‡µ√™—π molecular weight cut-off (MWCO)

¢π“¥ 300 ·≈– 50 °‘‚≈¥“≈µ—π ‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π
∑àÕ¬àÕ¬‡∑à“°—∫ 3.5 ¡¡. ‡¡¡‡∫√π 1 ™ÿ¥ ¡’®”π«π∑àÕ¬àÕ¬
18 ∑àÕ ¡’§«“¡¬“« 1.2 ‡¡µ√ ·≈–¡’æ◊Èπ∑’Ë°“√°√Õß 0.245

µ√.‡¡µ√

3. «‘∏’°“√∑¥≈Õß

°àÕπ∑”°“√∑¥≈Õß„π·µà≈–§√—Èß  ∑”°“√¶à“‡™◊ÈÕ
®ÿ≈‘π∑√’¬å„π√–∫∫°√Õß ‚¥¬≈â“ß¥â«¬πÈ” –Õ“¥∑’Ë§«“¡¥—π
¢—∫ 50 °‘‚≈ª“ §“≈ §«“¡‡√Á«µ“¡¢«“ß 1.5 ‡¡µ√/«‘π“∑’
Õÿ≥À¿Ÿ¡‘ª√–¡“≥ 30ºC π“π 15 π“∑’ ·≈â«„™â‚æ·∑ ‡ ’́¬¡
‡¡µ“‰∫´—≈‰øµå  (potassium  metabisulphite,  KMS)

‡¢â¡¢âπ 0.5% ‚¥¬πÈ”Àπ—°  ‰À≈«π„π√–∫∫∑’ËÕÿ≥À¿Ÿ¡‘
ª√–¡“≥ 30ºC  π“π 15-20 π“∑’  µàÕ¥â«¬°“√«π¥â«¬
πÈ”√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 80-85ºC π“π 15-20 π“∑’ ‡æ◊ËÕ¶à“‡™◊ÈÕ
∫πæ◊Èπº‘«∑’Ë —¡º— °—∫Õ“À“√

ªÑÕπ “√ªÑÕπ 30 °°. ∑’Ë¡’Õÿ≥À¿Ÿ¡‘ 50ºC ‚¥¬„™â
§«“¡¥—π¢—∫  100  °‘‚≈ª“ §“≈  ·≈–  250  °‘‚≈ª“ §“≈
 ”À√—∫°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π
µ“¡≈”¥—∫ ‚¥¬°”Àπ¥„Àâ§«“¡‡√Á«µ“¡¢«“ß¡’§à“‡∑à“°—∫ 3.5

‡¡µ√/«‘π“∑’ µ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ßø≈—°´å¢Õß‡æÕ¡‘‡Õ∑
‚¥¬°“√™—ËßπÈ”Àπ—°¢Õß‡æÕ¡‘‡Õ∑∑ÿ°Ê 500 °√—¡ æ√âÕ¡°—∫
∫—π∑÷°‡«≈“  ·≈–∑”°“√ ÿà¡µ—«Õ¬à“ßπÈ”µ“≈‚µπ¥®“° à«π
¢Õß‡æÕ¡‘‡Õ∑·≈–√’‡∑π‡∑∑ «‘‡§√“–Àåª√‘¡“≥‚ª√µ’π·≈–
„™â§”π«≥§à“°—°°—π (rejection coefficient, Rj) ´÷Ëß· ¥ß
∂÷ß§«“¡ “¡“√∂„π°“√°—°°—π “√¢Õß‡¡¡‡∫√π (Cheryan,

1998)  “¡“√∂§”π«≥‰¥â®“° ¡°“√ [1]

Rj = 1−
CP

CR







×100 [1]

‚¥¬ CP §◊Õ§«“¡‡¢â¡¢âπ¢Õßµ—«∂Ÿ°≈–≈“¬„π‡æÕ¡‘-
‡Õ∑ ·≈– CR §◊Õ§«“¡‡¢â¡¢âπ¢Õßµ—«∂Ÿ°≈–≈“¬„π√’‡∑π‡∑∑

À¬ÿ¥°“√°√Õß‡¡◊ËÕª√‘¡“≥ “√ªÑÕπ≈¥≈ß 50% À√◊Õ
Õ—µ√“ à«π§«“¡‡¢â¡¢âπ‡™‘ßª√‘¡“µ√ (volume concentra-

tion ratio, VCR) ‡∑à“°—∫ 2 ‚¥¬ “¡“√∂§”π«≥‰¥â®“°
 ¡°“√∑’Ë [2] (Vaillant et al., 1999)

Figure 1.  Ultra- and microfiltration pilot plant system



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 4 °.§.
 

-
 

 .§. 2549
°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—ππÈ”µ“≈‚µπ¥

∞ªπ’¬å  ƒ∑∏‘‰æ‚√®πå ·≈–§≥–821

VCR =
Volume of feed

Volume of feed - Volume of permeate [2]

‡°Á∫µ—«Õ¬à“ßπÈ”µ“≈‚µπ¥ ¥·≈–πÈ”µ“≈‚µπ¥®“°
 à«π‡æÕ¡‘‡Õ∑∑’Ë VCR ‡∑à“°—∫ 2 ‡æ◊ËÕπ”¡“«‘‡§√“–Àå ¡∫—µ‘
¢ÕßπÈ”µ“≈‚µπ¥∑“ß¥â“π‡§¡’ °“¬¿“æ·≈–®ÿ≈‘π∑√’¬å ‚¥¬
‡°Á∫µ—«Õ¬à“ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4ºC ·≈–∑”°“√µ√«®«‘‡§√“–Àå
µ—«Õ¬à“ß¿“¬„π 10 ™—Ë«‚¡ß

4. °“√«‘‡§√“–Àå∑“ß‡§¡’ °“¬¿“æ·≈–®ÿ≈‘π∑√’¬å

π”µ—«Õ¬à“ß„π à«π¢Õß‡æÕ¡‘‡Õ∑ √’‡∑π‡∑∑ ·≈–
πÈ”µ“≈‚µπ¥ ¥ «‘‡§√“–Àå ¡∫—µ‘∑“ß¥â“π‡§¡’ °“¬¿“æ ·≈–
®ÿ≈‘π∑√’¬å ¥—ßπ’È

- æ’‡Õ™  ‚¥¬„™â‡§√◊ËÕßæ’‡Õ™¡‘‡µÕ√å  (A.O.A.C.,

1999)

- ª√‘¡“≥¢Õß·¢Áß∑—ÈßÀ¡¥ (A.O.A.C., 1999)

- ª√‘¡“≥¢Õß·¢Áß∑’Ë≈–≈“¬‰¥â∑—ÈßÀ¡¥‚¥¬„™â Hand

Refractometer (A.O.A.C., 1999)

- πÈ”µ“≈√’¥‘«´å  µ“¡«‘∏’¢Õß  Lane  Eynon  and

Volumetric Method (A.O.A.C., 1999)

- πÈ”µ“≈∑—ÈßÀ¡¥ µ“¡«‘∏’¢Õß Lane Eynon and

Volumetric Method (A.O.A.C., 1999)

- ª√‘¡“≥°√¥∑—ÈßÀ¡¥ (A.O.A.C., 1999)

- ª√‘¡“≥‚ª√µ’πµ“¡«‘∏’ Lowry's (Lowry et al.,

1951)

- «—¥§à“ ’  ‚¥¬„™â Hunter Lab (Carneiro ·≈–
§≥–, 2002)

- «—¥§«“¡¢ÿàπ„   ‚¥¬„™â Hunter Lab (Carneiro

·≈–§≥–, 2002)

- «—¥§à“§«“¡Àπ◊¥ ‚¥¬„™â U-tube viscometers

(Bailey ·≈–§≥–, 2000)

- ®”π«π®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥  ‚¥¬„™â«‘∏’ Pour Plate

„™âÕ“À“√æ’´’‡Õ (plate count agar)

- ®”π«π¬’ µå·≈–√“  ‚¥¬„™â«‘∏’ Pour Plate  „™â
Õ“À“√æ’¥’‡Õ (potato dextrose agar)

- ®”π«π·≈§µ‘°·∫§∑’‡√’¬ ‚¥¬„™â«‘∏’ Pour Plate

„™âÕ“À“√‡ÕÁ¡Õ“√å‡Õ  (MRS-medium)

5. °“√«‘‡§√“–Àåø“«≈‘ß

°“√«‘‡§√“–Àå§«“¡µâ“π∑“π¢Õß°√–∫«π°“√°√Õß
 “¡“√∂·¬°§«“¡µâ“π∑“π°“√‰À≈¢Õß‡æÕ¡‘‡Õ∑‡ªìπ
§«“¡µâ“π∑“π¢Õß‡¡¡‡∫√π (membrane resistance, Rm)

¡’Àπà«¬‡ªìπ‡¡µ√-1 §«“¡µâ“π∑“π‡π◊ËÕß®“°°“√‡°‘¥ø“«≈‘ß
∑’Ëº—π°≈—∫‰¡à‰¥â (irreversible fouling, Rirf) ·≈–§«“¡
µâ“π∑“π‡π◊ËÕß®“°ø“«≈‘ß∑’Ëº—π°≈—∫‰¥â (reversible foul-

ing, Rrf) ́ ÷Ëß à«π„À≠à‡°‘¥®“°ª√“°Ø°“√≥å§Õπ‡´π‡µ√™—π
‚æ≈“‰√‡´™—π (concentration polarization) ·µà„π∫“ß
§√—ÈßÕ“®‡ªìπ™—Èπ¢Õß‡®≈À√◊Õ‡§â°∑’Ë™–ÕÕ°‰¥â¥â«¬πÈ” ¥—ßπ—Èπ
§«“¡µâ“π∑“π√«¡ (Rt) ª√–°Õ∫¥â«¬ (Jiraratananon et

al., 1997., Grandison et al., 2000)

Rt = Rm + Rrf + Rirf
[3]

§«“¡µâ“π∑“π·µà≈–µ—« “¡“√∂§”π«≥‰¥â¥—ßπ’È §◊Õ
§«“¡µâ“π∑“π√«¡ (Rt)  “¡“√∂§”π«≥‰¥â®“°ø≈—°´å¢Õß
 “√≈–≈“¬¥—ß ¡°“√

Rt = TMP
µ pJ [4]

‡¡◊ËÕ TMP (transmembrane pressure) §◊Õ §«“¡
¥—π¢—∫ (ª“ §“≈) J §◊Õ ø≈—°´å¢Õß “√≈–≈“¬ (≈∫.‡¡µ√/
µ√.‡¡µ√«‘π“∑’)   ·≈– µp §◊Õ §«“¡Àπ◊¥¢Õß‡æÕ¡‘‡Õ∑
(ª“ §“≈«‘π“∑’)

§«“¡µâ“π∑“π‡¡¡‡∫√π (Rm)  “¡“√∂§”π«≥‰¥â
®“°ø≈—° ǻ¢ÕßπÈ”®“° ¡°“√

Rm = TMP
µ pJw

[5]

‡¡◊ËÕ Jw §◊Õ ø≈—°´å¢ÕßπÈ”¢Õß‡¡¡‡∫√π –Õ“¥
À≈—ß®“°°“√„™âß“π·≈â« ∑”°“√‰≈à “√ªÑÕπÕÕ°®“°

√–∫∫·≈–°”®—¥™—Èπø“«≈‘ß∑’Ëº—π°≈—∫‰¥â¥â«¬πÈ” –Õ“¥  §à“
§«“¡µâ“π∑“π∑’Ë‡À≈◊ÕÕ¬ŸàÀ≈—ß‰≈àπÈ” ®÷ßª√–°Õ∫¥â«¬ §«“¡
µâ“π∑“π‡¡¡‡∫√π (Rm) ·≈–§«“¡µâ“π∑“π¢Õßø“«≈‘ß∑’Ë
º—π°≈—∫‰¡à‰¥â (Rirf) ´÷Ëß “¡“√∂À“‰¥â®“° ¡°“√∑’Ë [6]

Rm + Rirf = TMP
µwJ' w

[6]

‡¡◊ËÕ J'w  §◊Õ ø≈—°´åπÈ” –Õ“¥¢Õß‡¡¡‡∫√πÀ≈—ß°“√
°√Õß
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§«“¡µâ“π∑“π¢Õßø“«≈‘ß∑’Ë‰¡à “¡“√∂º—π°≈—∫‰¥â
(Rirf)  “¡“√∂§”π«≥‚¥¬°“√·∑π§à“¢Õß Rm

 ®“° ¡°“√
[5] ≈ß„π ¡°“√ [7] ®–‰¥â¥—ßπ’È

Rirf = TMP
(µwJ' w ) − Rm

[7]

§”π«≥§à“§«“¡µâ“π∑“π·∫∫º—π°≈—∫‰¥â (Rrf) ‚¥¬
„™â§à“∑’Ë‰¥â®“° ¡°“√ [4], [5] ·≈– [7] ·∑π„π ¡°“√ [3]

„π∑¥≈Õß§√—Èßπ’È„™â§«“¡¥—π¢—∫ 100 °‘‚≈ª“ §“≈
§«“¡‡√Á«µ“¡¢«“ß 3.5 ‡¡µ√/«‘π“∑’  Õÿ≥À¿Ÿ¡‘ 30±1ºC

‡æ◊ËÕ«‘‡§√“–Àå§à“ Rm, Rt, Rrf ·≈– Rirf

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß

1. º≈¢Õß°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈-

‡µ√™—πµàÕ ¡∫—µ‘¢ÕßπÈ”µ“≈‚µπ¥

1.1  ¡∫—µ‘∑“ß°“¬¿“æ

 ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßπÈ”µ“≈‚µπ¥∑’Ëºà“π
°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π · ¥ß
¥—ß Table 1 º≈°“√«‘‡§√“–Àå§à“ ’‚¥¬„™â√–∫∫ Hunter lab

(L,a,b) ´÷Ëß°”Àπ¥«à“À“°§à“ L ¡’§à“‡¢â“„°≈â 100 · ¥ß«à“
«—µ∂ÿ¡’§«“¡ «à“ß  §à“ a ¡’§à“‡ªìπ∫«°· ¥ß«à“«—µ∂ÿ¡’‡©¥
 ’·¥ß ·≈–‡¡◊ËÕ§à“ b ‡ªìπ∫«°· ¥ß«à“«—µ∂ÿ¡’‡©¥ ’‡À≈◊Õß
(Carneiro et al., 2002)  æ∫«à“ ‡¡◊ËÕ°√ÕßπÈ”µ“≈‚µπ¥
ºà“π‡¡¡‡∫√π√–¥—∫‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π

§à“ L  a ·≈– b ¡’§«“¡·µ°µà“ß®“°πÈ”µ“≈‚µπ¥ ¥Õ¬à“ß
¡’π—¬ ”§—≠ (p<0.05) ‚¥¬§à“ L ‡©≈’Ë¬¡’§à“‡æ‘Ë¡¢÷Èπ ·≈–
‡¡◊ËÕ«‘‡§√“–Àå§à“§«“¡¢ÿàπ„π√Ÿª¢Õß§«“¡ “¡“√∂„π°“√
 àÕßºà“π¢Õß· ß∑’Ë§«“¡¬“«§≈◊Ëπ 650 π“‚π‡¡µ√ æ∫«à“
πÈ”µ“≈‚µπ¥ à«π¢Õß‡æÕ¡‘‡Õ∑¡’§«“¡·µ°µà“ß®“°πÈ”µ“≈
‚µπ¥ ¥Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) §à“°“√ºà“π∑–≈ÿ¢Õß
· ß¢Õß à«π‡æÕ¡‘‡Õ∑¡’§à“ Ÿß ÿ¥ 98.1%  99.0%  98.2%

·≈– 99.8% ‡¡◊ËÕºà“π‡¡¡‡∫√π∑’Ë¡’¢π“¥√Ÿæ√ÿπ 0.2 ·≈–
0.1 ‰¡‚§√‡¡µ√ ·≈– MWCO  300 ·≈– 50 °‘‚≈¥“≈µ—π
µ“¡≈”¥—∫ ®“°§à“ ’·≈–§à“°“√ºà“π∑–≈ÿ¢Õß· ß™’È„Àâ‡ÀÁπ«à“
°√–∫«π°“√Õ—≈µ√“øî≈‡µ√™—π·≈–‰¡‚§√øî≈‡µ√™—π “¡“√∂
‡æ‘Ë¡§«“¡„ ¢ÕßπÈ”µ“≈‚µπ¥‰¥â ‚¥¬§«“¡„ ¢ÕßπÈ”µ“≈
‚µπ¥¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ„™â‡¡¡‡∫√π∑’Ë¡’√Ÿæ√ÿπ  À√◊Õ
MWCO ¢π“¥‡≈Á°≈ß ÷́Ëß‡°’Ë¬«¢âÕß‚¥¬µ√ß°—∫§«“¡
 “¡“√∂„π°“√°—°°—π “√¢Õß‡¡¡‡∫√π ‚¥¬∑—Ë«‰ª‡¡¡‡∫√π
∑’Ë¡’√Ÿæ√ÿπ¢π“¥„À≠à°«à“ “¡“√∂°—°°—π “√‰¥âπâÕ¬°«à“
‡¡¡‡∫√π∑’Ë¡’√Ÿæ√ÿπ¢π“¥‡≈Á°

°“√«‘‡§√“–Àå§à“§«“¡Àπ◊¥¢ÕßπÈ”µ“≈‚µπ¥∑’Ë
Õÿ≥À¿Ÿ¡‘ 25ºC æ∫«à“§«“¡Àπ◊¥„π à«π¢Õß‡æÕ¡‘‡Õ∑¡’§à“
≈¥≈ß‡≈Á°πâÕ¬·≈–¡’§«“¡·µ°µà“ß®“°πÈ”µ“≈‚µπ¥ ¥
(p<0.05) ‡π◊ËÕß®“°‡¡¡‡∫√π “¡“√∂°—°‡°Á∫Õß§åª√–°Õ∫
¢π“¥„À≠à ‡™àπ  “√·¢«π≈Õ¬ ‰«â„π à«π¢Õß√’‡∑π‡∑∑
(Alvarrez et al., 1998) ´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
Carneiro ·≈–§≥– (2002) „π°“√»÷°…“°√–∫«π°“√

Table 1. Physical properties of fresh sugar palm sap and permeate obtained by microfiltration (pore

size 0.2 and 0.1 µµµµµm at TMP 100 kPa) and ultrafiltration (MWCO 300 and 50 kDa at TMP 250

kPa) at cross-flow velocity 3.5 m/s  temperature 50±1ºC.)

    Permeate
              Properties

0.2 µµµµµm 0.1 µµµµµm 300 kDa 50 kDa

Color L1 72.46±1.46b 97.27±0.90a 98.36±0.40a 97.14±0.18a 98.04±0.81a

a2 2.80±0.32a 0.04±0.11b -0.05±0.06b -0.027±0.16b -0.10±0.11b

b3 14.86±0.95a 4.75±1.55b 3.37±0.60b 5.27±1.52b 3.82±1.19b

Transmittance(%) at 650 nm 64.99±1.61b 98.09±0.52a 99.02±0.37a 98.15±0.75a 99.77±0.56a

Viscosity (mPa.s) at 25ºC 1.35±0.005a 1.26±0.005c 1.26±0.005c 1.29±0.005b 1.32±0.003b

Note Each value is the mean of triplicate determinations ± standard deviation
a-c, Mean within rows of permeate followed by the same letter are not significantly different at p>0.05
1 L

Hunter
 - luminosity (0 = black and 100 = white)    2 a

Hunter
 - (from -80 to zero = green, from zero to +100 = red)

3 b
Hunter

 - (from -100 to zero = blue, from zero to +70 = yellow)

Fresh sugar

palm sap



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 4 °.§.
 

-
 

 .§. 2549
°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—ππÈ”µ“≈‚µπ¥
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‰¡‚§√øî≈‡µ√™—ππÈ” —∫ª–√¥‚¥¬„™â‡¡¡‡∫√π√Ÿæ√ÿπ¢π“¥
0.3 ‰¡‚§√‡¡µ√ ∑’Ëæ∫«à“‡æÕ¡‘‡Õ∑§«“¡Àπ◊¥≈ß·≈–¡’§«“¡
„ ‡æ‘Ë¡¢÷Èπ

1.2  ¡∫—µ‘∑“ß‡§¡’

º≈°“√«‘‡§√“–Àå ¡∫—µ‘∑“ß‡§¡’¢ÕßπÈ”µ“≈‚µπ¥
‡¡◊ËÕºà“π°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π ·≈–Õ—≈µ√“øî≈‡µ√™—π
· ¥ß„π Table 2 æ∫«à“§à“¢Õß·¢Áß∑—ÈßÀ¡¥·≈–¢Õß·¢Áß∑’Ë
≈–≈“¬‰¥â∑—ÈßÀ¡¥·µ°µà“ß°—∫πÈ”µ“≈‚µπ¥ ¥Õ¬à“ß¡’π—¬ ”§—≠
(p<0.05) · ¥ß«à“‡¡¡‡∫√π “¡“√∂°—°°—πÕß§åª√–°Õ∫∫“ß
 à«π‰«â„π√’‡∑π‡∑∑·µàÕ“®¡’Õß§åª√–°Õ∫∫“ß à«π∑’Ë¡’¢π“¥
‡≈Á°°«à“√Ÿæ√ÿπºà“π‡¡¡‡∫√π‰¥â ·≈–æ∫«à“§à“æ’‡Õ™·≈–§à“
°√¥∑—ÈßÀ¡¥ (§‘¥„π√Ÿª°√¥·≈§µ‘°) ¢ÕßπÈ”µ“≈‚µπ¥∑’Ë
ºà“π°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π
·≈–πÈ”µ“≈‚µπ¥ ¥‰¡à·µ°µà“ß°—π

°“√«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈∑—ÈßÀ¡¥ ÷́Ëß‡ªìπ
πÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«·≈–‚¡‡≈°ÿ≈§Ÿà∑’Ëæ∫„ππÈ”º≈‰¡â∑’Ë√«¡∑—Èß
πÈ”µ“≈√’¥‘«´å·≈–πÕπ√’¥‘«´å (non-reduce) (π‘∏‘¬“, 2545)

®“°°“√«‘‡§√“–Àåæ∫«à“ª√‘¡“≥πÈ”µ“≈∑—ÈßÀ¡¥¡’§à“≈¥≈ß
Õ¬à“ß¡’π—¬ ”§—≠ ‡¡◊ËÕ„™â‡¡¡‡∫√π√–¥—∫Õ—≈µ√“øî≈‡µ√™—π
(p<0.05) ‚¥¬„π à«π¢Õß‡æÕ¡‘‡Õ∑¡’ª√‘¡“≥πÈ”µ“≈∑—ÈßÀ¡¥
‡©≈’Ë¬ 11.18%  10.38%  10.55% ·≈– 10.55% ‡¡◊ËÕ
ºà“π‡¡¡‡∫√π¢π“¥√Ÿæ√ÿπ 0.2 ·≈– 0.1 ‰¡‚§√‡¡µ√ ·≈–
MWCO 300 ·≈– 50 °‘‚≈¥“≈µ—π µ“¡≈”¥—∫ ‡π◊ËÕß®“°
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫¢π“¥‚¡‡≈°ÿ≈¢ÕßπÈ”µ“≈´÷Ëß¡’¢π“¥‡≈Á°

°«à“√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π√–¥—∫‰¡‚§√øî≈‡µ√™—π¡“°°«à“
√Ÿæ√ÿπ√–¥—∫Õ—≈µ√“øî≈‡µ√™—π ¥—ßπ—Èπ‚¡‡≈°ÿ≈¢ÕßπÈ”µ“≈®÷ß
 “¡“√∂ºà“π√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π∑’Ë¡’¢π“¥„À≠à‰¥â¡“°°«à“
(Merin and Shomer, 1999)

°“√«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈√’¥‘« ǻ  ÷́Ëß‡ªìπ
πÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«∑’Ë¡’§«“¡ “¡“√∂„π°“√√’¥‘«´åÕ‘ÕÕπ
‡™àπ Cu+2 ·≈– Fe(CN)6

3+  „π ¿“«–¢Õß “√≈–≈“¬¥à“ß
‡π◊ËÕß®“°¡’‰Œ¥√Õ°´’·Õ≈¥’‰Œ¥å·≈–‰Œ¥√Õ°´’§’‚µπ‡ªìπ‚´à
‡ªî¥ (π‘∏‘¬“, 2545) °“√«‘‡§√“–ÀåÀ“ª√‘¡“≥πÈ”µ“≈√’¥‘«´å
¢ÕßπÈ”µ“≈‚µπ¥‡¡◊ËÕºà“π°√–∫«π°“√°√Õß¥â«¬‡¡¡‡∫√π
√–¥—∫‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π æ∫«à“ª√‘¡“≥
πÈ”µ“≈√’¥‘« ǻ„π à«π¢Õß‡æÕ¡‘‡Õ∑·µ°µà“ß®“°πÈ”µ“≈
‚µπ¥ ¥Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ‚¥¬ª√‘¡“≥πÈ”µ“≈
√’¥‘«´å„π‡æÕ¡‘‡Õ∑ ¡’§à“‡©≈’Ë¬ 0.57%  0.59%  0.50% ·≈–
0.64%  ‡¡◊ËÕ„™â‡¡¡‡∫√π ¢π“¥ 0.2 ·≈– 0.1 ‰¡‚§√‡¡µ√
·≈– MWCO 300 ·≈– 50 °‘‚≈¥“≈µ—π µ“¡≈”¥—∫ (Table

2) ∑—Èßπ’È‡π◊ËÕß®“°√–À«à“ß°√–∫«π°“√°√ÕßÕπÿ¿“§¢π“¥
„À≠à·≈–®ÿ≈‘π∑√’¬å à«π„À≠à®–∂Ÿ°°—°°—π‰«â„π à«π¢Õß
√’‡∑π‡∑∑ ∑”„Àâ®ÿ≈‘π∑√’¬å„π°≈ÿà¡¬’ µå´÷Ëß‡ªìπ°≈ÿà¡∑’Ë “¡“√∂
º≈‘µ‡Õπ‰´¡åÕ‘π‡«Õ√å‡∑   “¡“√∂¬àÕ¬πÈ”µ“≈´Ÿ‚§√ ‰ª‡ªìπ
πÈ”µ“≈°≈Ÿ‚§ ·≈–πÈ”µ“≈ø√ÿ°‚∑ ®÷ß∑”„Àâ “¡“√∂√’¥‘«´å
°—∫Õ‘ÕÕπµà“ßÊ ‰¥â ·µà„π à«π‡æÕ¡‘‡Õ∑®–¡’®ÿ≈‘π∑√’¬åπâÕ¬
·≈– Ÿ́‚§√ ‰¡à‰¥â‡ª≈’Ë¬π‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«·≈–¬—ß®—∫
πÈ”µ“≈‚¡‡≈°ÿ≈‡¥’¬«¥â«¬æ—π∏– α-(1→2) ∑”„Àâ‰¡à¡’À¡Ÿà

Fresh sugar

palm sap

Table 2. Chemical properties of fresh sugar palm sap and permeate obtained by microfiltration (pore

size 0.2 and 0.1µµµµµm at TMP 100 kPa) and ultrafiltration (MWCO 300 and 50 kDa at TMP 250

kPa) at cross-flow velocity 3.5 m/s  temperature 50±1ºC.)

     Permeate
           Properties

0.2 µµµµµm 0.1 µµµµµm 300 kDa 50 kDa

Total soluble solid (ºBrix) 12.33±0.57a   9.80±0.20c   9.67±0.50c 11.20±0.20b  11.33±0.57b

Total solid (%)  12.28±0.23ab 12.42±0.13a    11.93±0.78abc  11.54±0.25bc 11.20±0.39c

pH    5.18±0.21ab    5.45±0.15ab   5.01±0.30b    5.16±0.05ab    5.38±0.15ab

Acidity as lactic acid (%)   0.047±0.005a   0.043±0.002a   0.048±0.012a   0.027±0.005b   0.027±0.005b

Total sugar (%) 11.39±0.29a  11.18±0.49ab 10.38±0.54b  10.55±0.56bc 10.55±0.49ab

Reducing sugar (%)  0.88±0.07a   0.57±0.13b   0.59±0.08b   0.59±0.07b 0.64±0.08b

Protein content (g/100ml)  0.29±0.04a    0.25±0.03ab   0.23±0.01b    0.25±0.03ab 0.23±0.00b

Note Each value is the mean of triplicate determinations ± standard deviation
a-b, Mean within rows of permeate followed by the same letter are not significantly different at p>0.05
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·Õ≈¥’‰Œ¥å·≈–À¡Ÿà§’‚µπÕ‘ √–  àßº≈„Àâª√‘¡“≥πÈ”µ“≈√’¥‘«´å
„π à«π¢Õß‡æÕ¡‘‡Õ∑µË”°«à“∑’Ëæ∫„ππÈ”µ“≈‚µπ¥ ¥ ( ÿ¡“≈’,
2535) ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß de Barros ·≈–§≥–
(2003) ‡¡◊ËÕ°√ÕßπÈ” —∫ª–√¥¥â«¬‰¡‚§√øî≈‡µ√™—π ‚¥¬„™â
‡¡¡‡∫√π∑’Ë¡’¢π“¥√Ÿæ√ÿπ 0.01 ‰¡‚§√‡¡µ√

°“√«‘‡§√“–Àåª√‘¡“≥‚ª√µ’π¢ÕßπÈ”µ“≈‚µπ¥
‡¡◊ËÕºà“π°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π ·≈–Õ—≈µ√“øî≈‡µ√™—π
æ∫«à“ª√‘¡“≥‚ª√µ’π„π‡æÕ¡‘‡Õ∑¡’§«“¡·µ°µà“ß°—∫πÈ”µ“≈
‚µπ¥ ¥Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ‡¡¡‡∫√π “¡“√∂
°—°°—π‚ª√µ’π‰«â‰¥â∫“ß à«π ‚¥¬Õ“® àßº≈ ¡∫—µ‘∑“ß
°“¬¿“æ¢Õß‡æÕ¡‘‡Õ∑¥—ß∑’Ë‰¥âÕ¿‘ª√“¬‰«â·≈â« ´÷Ëß‰¥âº≈„π
∑”πÕß‡¥’¬«°—π°—∫º≈°“√∑¥≈Õß¢Õß Matta ·≈–§≥–
(2004) ∑’Ë»÷°…“∂÷ß°“√‡ª≈’Ë¬π·ª≈ß∑“ß¥â“π§ÿ≥¿“æ¢Õß
πÈ”‡™Õ√’Ë‡¡◊ËÕºà“π‡¡¡‡∫√π√Ÿæ√ÿπ¢π“¥ 0.3 ‰¡‚§√‡¡µ√

2. °“√·¬°®ÿ≈‘π∑√’¬å

º≈°“√«‘‡§√“–Àå®”π«π®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥„ππÈ”µ“≈
‚µπ¥À≈—ßºà“π°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“
øî≈‡µ√™—π æ∫«à“®”π«π®ÿ≈‘π∑√’¬å∑—ÈßÀ¡¥„π à«π¢Õß
‡æÕ¡‘‡Õ∑¡’§à“‡©≈’Ë¬ 5.33  3.25x102  6.67 ·≈– 9.88 x103

‚§‚≈π’/¡≈. ‡¡◊ËÕºà“π‡¡¡‡∫√π¢π“¥√Ÿæ√ÿπ 0.2  0.1 ‰¡‚§√
‡¡µ√  300 ·≈– 50 °‘‚≈¥“≈µ—π µ“¡≈”¥—∫ (Table 3)

®ÿ≈‘π∑√’¬å à«π„À≠à®–∂Ÿ°°—°°—π¥â«¬‡¡¡‡∫√π‰«â„π à«π¢Õß
√’‡∑π‡∑∑   àßº≈„Àâ à«π¢Õß‡æÕ¡‘‡Õ∑¡’®”π«π®ÿ≈‘π∑√’¬å
≈¥≈ß

º≈°“√«‘‡§√“–Àå®”π«π·∫§∑’‡√’¬·≈§µ‘°„ππÈ”µ“≈
‚µπ¥À≈—ßºà“π°√–∫«π°“√‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“
øî≈‡µ√™—π æ∫«à“¡’®”π«π·∫§∑’‡≈’¬·≈§µ‘°‡©≈’Ë¬ < 1.0x

10-1 ‚§‚≈π’/¡≈. ∑—Èßπ’È®”π«π·∫§∑’‡√’¬·≈§µ‘°„π à«π¢Õß

√’‡∑π‡∑∑¡’§à“πâÕ¬°«à“®”π«π·∫§∑’‡√’¬·≈§µ‘°„π à«π
¢ÕßπÈ”µ“≈‚µπ¥‡√‘Ë¡µâπ ∑—Èßπ’È‡æ√“– ¿“«–„π°“√∑¥≈Õß
∑’Ë∑”°“√¥”‡π‘π°“√°√Õß∑’ËÕÿ≥À¿Ÿ¡‘ 50ºC  “¡“√∂¬—∫¬—Èß
°“√‡®√‘≠‡µ‘∫‚µ¢Õß®ÿ≈‘π∑√’¬å°≈ÿà¡π’È‰¥â  (Matta  et  al.,

2004)

º≈°“√«‘‡§√“–Àå®”π«π¬’ µå·≈–√“„ππÈ”µ“≈‚µπ¥
 ¥·≈–‡æÕ¡‘‡Õ∑  æ∫«à“‰¡à¡’‡™◊ÈÕ¬’ µå·≈–√“„π à«π¢Õß
‡æÕ¡‘‡Õ∑ ‡¡◊ËÕ°√Õßºà“π‡¡¡‡∫√π ¢π“¥√Ÿæ√ÿπ 0.2 ·≈–
0.1 ‰¡‚§√‡¡µ√ ·≈– MWCO 300 °‘‚≈¥“≈µ—π ·µàæ∫«à“
¡’‡™◊ÈÕ¬’ µå·≈–√“„π à«π¢Õß‡æÕ¡‘‡Õ∑‡¡◊ËÕ°√Õßºà“π
‡¡¡‡∫√π∑’Ë¡’  MWCO  50  °‘‚≈¥“≈µ—π  ®”π«π  6.85x

102 ‚§‚≈π’/¡≈.  ´÷Ëß‡ªìπ®”π«π∑’Ë Ÿß°«à“∑’Ë°”Àπ¥‰«âµ“¡
¡“µ√∞“π¢ÕßπÈ”µ“≈‚µπ¥ (¡“µ√∞“πº≈‘µ¿—≥±å™ÿ¡™π,
¡º™.113/2546) ·≈–‰¥âº≈„π∑”πÕß‡¥’¬«°—π‡¡◊ËÕ∑”°“√
∑¥≈Õß´È”Õ’° 5 §√—Èß Õ“®‡ªìπ‰ª‰¥â«à“√–∫∫°“√°√ÕßÀ√◊Õ
‡¡¡‡∫√πÕ“®¡’®ÿ¥∫°æ√àÕß®ÿ¥‡≈Á°Ê ‡°‘¥¢÷Èπ

3. °“√‡ª≈’Ë¬π·ª≈ßø≈—°´å

§à“ø≈—° ǻ¢Õß‡æÕ¡‘‡Õ∑„π√–À«à“ß°“√°√ÕßπÈ”µ“≈
‚µπ¥¥â«¬‡¡¡‡∫√π√–¥—∫‰¡‚§√øî≈‡µ√™—π√Ÿæ√ÿπ¢π“¥ 0.2

·≈– 0.1 ‰¡‚§√‡¡µ√ ·≈–‡¡¡‡∫√π√–¥—∫Õ—≈µ√“øî≈‡µ√™—π
MWCO ¢π“¥ 300 ·≈– 50 °‘‚≈¥“≈µ—π · ¥ß¥—ß Fig-

ure 2 §à“ø≈—° ǻ‡√‘Ë¡µâπ¡’§à“‡©≈’Ë¬ 143.3 145.7 176.7 ·≈–
148.0 ≈‘µ√/µ√.‡¡µ√™—Ë«‚¡ß ‡¡◊ËÕ°√Õß¥â«¬‡¡¡‡∫√π¢π“¥
0.2  0.1 ‰¡‚§√‡¡µ√  300 ·≈– 50 °‘‚≈¥“≈µ—π µ“¡≈”¥—∫
§à“ø≈—°´å¡’°“√≈¥≈ßÕ¬à“ß√«¥‡√Á«„π™à«ß·√° ‡π◊ËÕß®“°
ª√“°Ø°“√≥å§Õπ‡´Áπ‡µ√™—π‚æ≈“‰√‡´™—π ·≈–¡’·π«‚πâ¡
‡¢â“ Ÿà ¿“«–§ßµ—« (steady state) ‡¡◊ËÕ¡’§à“ VCR ‡æ‘Ë¡¢÷Èπ
‡π◊ËÕß®“°‡°‘¥ø“«≈‘ß„π√Ÿæ√ÿπ·≈–™—Èπ‡§â°∑’Ëº‘«Àπâ“‡¡¡‡∫√π

Table 3. Microbiological properties of fresh sugar palm sap and permeate obtained by microfiltration

(pore size 0.2 and 0.1 µµµµµm at TMP 100 kPa)  and ultrafiltration (MWCO 300 and 50 kDa at

TMP 250 kPa) at cross-flow velocity 3.5 m/s  temperature 50±1ºC.)

     Permeate
           Properties

0.2 µµµµµm 0.1 µµµµµm 300 kDa 50 kDa

Total viable count (CFU/ml) 9.22x107 5.33 3.25x102 6.67 9.88x103

Lactic acid bactetria (CFU/ml) 7.00x106 0 0 0 0
Yeast and mold (CFU/ml) 7.08x107 0 0 0 6.85x102

Fresh sugar

palm sap
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®“°°“√∑¥≈Õßæ∫«à“§à“ø≈—°´å¢Õß‡æÕ¡‘‡Õ∑¢Õß
‡¡¡‡∫√π√–¥—∫‰¡‚§√øî≈‡µ√™—π ¡’§à“µË”°«à“‡¡¡‡∫√π√–¥—∫
Õ—≈µ√“øî≈‡µ√™—π ∑—Èßπ’È‡π◊ËÕß®“°√–¥—∫§«“¡¥—π¢—∫∑’Ë„™â·≈–
Õ“®®–‡°‘¥®“°º≈¢Õß¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë¡’¢π“¥„À≠à°«à“
®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë “√·¢«π≈Õ¬À√◊ÕÕπÿ¿“§¢π“¥‡≈Á°
‡°‘¥°“√ – ¡∑’Ëºπ—ß¿“¬„π√Ÿæ√ÿπ‰¥â¡“°°«à“ àßº≈„Àâ‡°‘¥
ø“«≈‘ßÕ¬à“ß√ÿπ·√ß·≈–√«¥‡√Á« (Dornier et al., 1995)

4. §«“¡µâ“π∑“π‡π◊ËÕß®“°ø“«≈‘ß

°“√≈¥≈ß¢Õßø≈—°´å„π√–À«à“ß°“√°√Õß‡ªìπªí≠À“
À≈—°µàÕª√– ‘∑∏‘¿“æ°√–∫«π°“√°√Õß¥â«¬‡¡¡‡∫√π ‚¥¬
„ππÈ”º≈‰¡âª√–°Õ∫¥â«¬‚æ≈’·´§§“‰√¥å ‚ª√µ’π·≈– “√
·¢«π≈Õ¬ ´÷Ëß‡ªìπ “√ª√–°Õ∫∑’Ë‡ªìπ¢Õß·¢Áß  “¡“√∂
 – ¡∑’Ëº‘«Àπâ“‡¡¡‡∫√πÀ√◊ÕÕÿ¥µ—π√Ÿæ√ÿπ∑”„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß¢π“¥¢Õß√Ÿæ√ÿπ·≈– àßº≈µàÕ°“√‡æ‘Ë¡§«“¡
µâ“π∑“π°“√‰À≈¢Õß‡æÕ¡‘‡Õ∑ ¢Õß‡¡¡‡∫√π‡π◊ËÕß®“°
ø“«≈‘ß (Youn et al., 2004)

§«“¡µâ“π∑“π Rm  “¡“√∂§”π«≥‰¥â®“°ø≈—° ǻ
¢ÕßπÈ” –Õ“¥¢Õß‡¡¡‡∫√π°àÕπ„™âß“π  §«“¡µâ“π∑“π
‡π◊ËÕß®“°ø“«≈‘ß∑’Ë‰¡à “¡“√∂º—π°≈—∫‰¥â (Rirf) ‡ªìπ§«“¡
µâ“π∑“π∑’Ë‡°‘¥®“°ø“«≈‘ß∫πº‘«Àπâ“À√◊Õ„π√Ÿæ√ÿπ¢Õß
‡¡¡‡∫√π‰¡à “¡“√∂≈â“ßÕÕ°¥â«¬πÈ”‰¡à«à“ ¿“«–„¥Ê
πÕ°®“°„™â “√‡§¡’∑”§«“¡ –Õ“¥ ·≈–§«“¡µâ“π∑“π

‡π◊ËÕß®“°ø“«≈‘ß∑’Ëº—π°≈—∫‰¥âÀ√◊Õ®“°™—Èπ§Õπ‡ Á́π‡µ√™—π
‚æ≈“‰√‡´™—π (Rrf) ´÷Ëß§«“¡µâ“π∑“ππ’È “¡“√∂°”®—¥ÕÕ°
¥â«¬πÈ” –Õ“¥∑’Ë§«“¡‡√Á«µ“¡¢«“ß∑’Ë‡À¡“– ¡ ‚¥¬Õ“»—¬
·√ß‡©◊Õπ∑’Ëº‘«Àπâ“‡¡¡‡∫√π„π√–À«à“ß°“√°√Õß

®“°°“√»÷°…“§«“¡µâ“π∑“π‡π◊ËÕß®“°ø“«≈‘ß„π
°√–∫«π°“√°√ÕßπÈ”µ“≈‚µπ¥ ¥â«¬‡¡¡‡∫√π√–¥—∫‰¡‚§√
øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—π (Table 4) æ∫«à“ Rm ¡’§à“
®”‡æ“–„π·µà≈–‡¡¡‡∫√π  ∑—Èßπ’È‡π◊ËÕß®“°§«“¡·µ°µà“ß
¢Õß¢π“¥√Ÿæ√ÿπ ·≈–§«“¡Àπ“·πàπ¢Õß√Ÿæ√ÿπ (Zeman

and Zydney, 1996) ®“°°“√∑¥≈Õßæ∫«à“§«“¡µâ“π∑“π
Rm ¢Õß‡¡¡‡∫√π√Ÿæ√ÿπ¢π“¥ 0.2 ·≈– 0.1 ‰¡‚§√‡¡µ√
·≈– MWCO ¢π“¥ 300 ·≈– 50 °‘‚≈¥“≈µ—π ¡’§à“‡©≈’Ë¬
‡∑à“°—∫ 1.26x1012  1.38x1012 1.67x1012 ·≈– 1.78x1012

‡¡µ√-1  à«π§à“§«“¡µâ“π∑“π Rrf ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 7.34x

1012  8.84x1012 5.46x1012 ·≈– 4.99x1012 ‡¡µ√-1 µ“¡
≈”¥—∫  ·≈–§à“§«“¡µâ“π∑“π Rirf ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0.49

x1012  0.47 x1012  0.29 x1012 ·≈– 0.23 x1012 ‡¡µ√-1

 ”À√—∫‡¡¡‡∫√π√Ÿæ√ÿπ¢π“¥ 0.2 ·≈– 0.1 ‰¡‚§√‡¡µ√
·≈– MWCO ¢π“¥ 300 ·≈– 50 °‘‚≈¥“≈µ—π µ“¡≈”¥—∫
®“°°“√∑¥≈Õßæ∫«à“§à“§«“¡µâ“π∑“π Rrf ¡’§à“ Ÿß°«à“ Rirf

„π∑ÿ°Ê ¢π“¥√ÿæ√ÿπ·≈– MWCO ¢Õß‡¡¡‡∫√π∑’Ë„™â»÷°…“
§«“¡µâ“π∑“π Rrf ¡—°‡°‘¥®“°ø“«≈‘ß∑’Ëª√–°Õ∫¥â«¬Õπÿ¿“§
·≈– “√‚¡‡≈°ÿ≈„À≠à„π “√ªÑÕπ∑’Ë‰¡à “¡“√∂ºà“π‡¡¡‡∫√π
‰ª‰¥â´÷Ëß – ¡∫πº‘«Àπâ“¢Õß‡¡¡‡∫√π·≈–¬÷¥°—π¥â«¬·√ß

Figure 2. Flux versus VCR during microfiltration (pore size 0.2 and 0.1 µµµµµm, TMP 100 kPa) and

ultrafiltration (MWCO 300 and 50 kDa, TMP 250 kPa) of sugar palm sap at cross-

flow velocity 3.5 m/s and temperature 50±1ºC.
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°√–∑”Õ¬à“ßÀ≈«¡Ê  “¡“√∂À≈ÿ¥ÕÕ°‰¥âßà“¬ ‡¡◊ËÕª√—∫
‡ª≈’Ë¬π ¿“«–°“√°√ÕßÀ√◊Õ°“√≈â“ß¥â«¬πÈ” –Õ“¥   à«π
§«“¡µâ“π∑“π Rirf ‡°‘¥®“°ø“«≈‘ß∑’Ë„°≈â™‘¥·≈–¬÷¥¥â«¬·√ß
°√–∑”Õ¬à“ß·¢Áß·√ß°—∫‡¡¡‡∫√π∑—Èß∫πº‘«Àπâ“·≈–„π√Ÿæ√ÿπ
¢Õß‡¡¡∫√π ´÷Ëß‚¥¬∑—Ë«‰ª¡’πâÕ¬°«à“§à“ Rrf (Grandison

et al., 2000) πÕ°®“°π’È —ß‡°µ‰¥â«à“‡¡¡‡∫√π√Ÿæ√ÿπ¢π“¥
0.2 ‰¡‚§√‡¡µ√ ¡’§à“§«“¡µâ“π∑“π Rirf  Ÿß°«à“‡¡¡‡∫√π
√–¥—∫Õ—≈µ√“øî≈‡µ√™—π ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°‡°‘¥°“√¥Ÿ¥´—∫
À√◊ÕÕÿ¥µ—π¢ÕßÕπÿ¿“§À√◊Õµ—«∂Ÿ°≈–≈“¬¿“¬„π√Ÿæ√ÿπ¢Õß
‡¡¡‡∫√π ‚¥¬‡¡¡‡∫√π∑’Ë¡’¢π“¥√Ÿæ√ÿπ„À≠à°«à“¡’‚Õ°“ 
‡°‘¥°“√Õÿ¥µ—π‰¥â¡“°°«à“‡¡¡‡∫√π∑’Ë¡’¢π“¥√Ÿæ√ÿπ‡≈Á°°«à“
‚¥¬∑—Ë«‰ªÕß§åª√–°Õ∫„ππÈ”º≈‰¡â∑’Ë∑”„Àâ‡°‘¥ø“«≈‘ß¡“°
∑’Ë ÿ¥§◊Õ ‡æ§µ‘π ‚ª√µ’π ·≈– “√·¢«π≈Õ¬  ·µà„πÕß§å-

ª√–°Õ∫Õ◊ËπÊ ‡™àπ  “√ª√–‡¿∑πÈ”µ“≈ ·√à∏“µÿ ·≈–°√¥
Õ‘π∑√’¬å °Á “¡“√∂‡°‘¥ø“«≈‘ß‰¥â‡™àπ‡¥’¬«°—π (Chilukuri

et al., 2001;  Crozes et al., 1993)   ”À√—∫°√–∫«π°“√
‰¡‚§√øî≈‡µ√™—π·≈–Õ—≈µ√“øî≈‡µ√™—ππÈ”µ“≈‚µπ¥ Õ“®
‡ªìπ‰ª‰¥â«à“‚ª√µ’π¡’∫∑∫“∑ ”§—≠„π°“√∑”„Àâ‡°‘¥ø“«≈‘ß
∑—Èß∑’Ëº‘«Àπâ“·≈–„π√Ÿæ√ÿπ¢Õß‡¡¡‡∫√ππÕ°®“° “√·¢«π
≈Õ¬ ®÷ß‰¥âµ‘¥µ“¡°“√‡ª≈’Ë¬π§à“°“√°—°°—π‚ª√µ’πµ≈Õ¥
°“√∑¥≈Õß ÷́Ëß‰¥âº≈¥—ß Figure 3 æ∫«à“‡¡¡‡∫√π√–¥—∫
‰¡‚§√øî≈‡µ√™—π∑’Ë¡’√Ÿæ√ÿπ¢π“¥ 0.1 ·≈– 0.2 ‰¡‚§√‡¡µ√
 “¡“√∂°—°°—π‚ª√µ’π‰¥âÕ¬Ÿà„π™à«ß 10-20%   ¢≥–∑’Ë
‡¡¡‡∫√π√–¥—∫Õ—≈µ√“øî≈‡µ√™—π∑’Ë¡’ MWCO 300 ·≈–
50 °‘‚≈¥“≈µ—π ¡’§à“°“√°—°°—π‚ª√µ’πÕ¬Ÿà„π™à«ß 40-60%

®“°§à“°“√°—°°—π™’È„Àâ‡ÀÁπ«à“‚ª√µ’π “¡“√∂ºà“π‡¡¡‡∫√π

Table 4. Fouling resistances of microfiltration and ultrafiltration

membranes

  Pore size/MWCO
0.2 µµµµµm 0.1 µµµµµm 300 kDa 50 kDa

       Resistance

     R
m
 (m-1) x1012 1.26±0.04* 1.38±0.08 1.67±0.05 1.78±0.05

     R
irf

 (m-1) x1012 0.49±0.21a 0.47±0.15a 0.29±0.06b 0.23±0.03b

     R
rf
 (m-1) x1012 7.37±1.47ns 8.84±0.04ns 5.46±0.67ns 4.99±0.07ns

Note * Each value is the mean of triplicate determinations ± standard deviation
a-b, Mean within rows of permeate followed by the same letter are not

  significantly different at p>0.05
ns, not significant at p>0.05

Figure 3. Protein rejection during  microfiltration (pore size  0.2 and 0.1 µµµµµm,TMP 100 kPa)

and ultrafiltration ( 300 and 50 kDa, TMP 250 kPa) of sugar palm sap at cross-

flow velocity 3.5 m/s and temperature 50±1ºC.
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