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Abstract
Tangwongchai, R., Lerkchaiyaphum, K., Nantachai, K., Rojanakorn, T.

Pectin extraction from Citron peel (Citrus medica Linn.) and

its use in food system
Songklanakarin J. Sci. Technol., 2006, 28(6) : 1351-1363

Screening  experiments  using  25-1  fractional  factorial  design  showed  that  pH,  temperature,  and

extracting  time  were  the  main  factors  affecting  the  amount  and  quality  of  extracted  pectin  from  Citrus
medica Linn. Optimum condition of pectin extraction was studied using central composite design (CCD).

Mathematical models relating pH, temperature and extracted time to amount of extracted pectin, equivalent

weight, methyl content and anhydrogalacturonic acid content were established. Based on the mathematics

models,  the  condition  of  pH 2,  100ºC  and  105  min  was  found  to  be  the  optimum  conditions  for  pectin

extraction from Citrus medica Linn. Mathematical and experimental results were verified. The use of

extracted pectin as a gelling agent in pineapple jam revealed no significant difference in gel consistency

compared to that of commercial pectin grade 150 (p>0.05). However, the commercial pectin had a higher

π‘æπ∏åµâπ©∫—∫

Department of Food Technology, Faculty of Technology, Khon Kaen University, Muang, Khon Kaen, 40002

Thailand.

1
Ph.D. (Food Science and Technology) ºŸâ™à«¬»“ µ√“®“√¬å 

2
π—°»÷°…“ª√‘≠≠“‚∑  “¢“«‘™“‡∑§‚π‚≈¬’Õ“À“√ 

3
Ph.D.(Food Engi-

neering) ºŸâ™à«¬»“ µ√“®“√¬å  ¿“§«‘™“‡∑§‚π‚≈¬’Õ“À“√  §≥–‡∑§‚π‚≈¬’  ¡À“«‘∑¬“≈—¬¢Õπ·°àπ  Õ”‡¿Õ‡¡◊Õß  ®—ßÀ«—¥¢Õπ·°àπ

40002

Corresponding e-mail: ratchada@kku.ac.th

√—∫µâπ©∫—∫ 16 ¡°√“§¡ 2549       √—∫≈ßæ‘¡æå 19 æƒ…¿“§¡ 2549



Songklanakarin J. Sci. Technol.

Vol.28  No.6  Nov. - Dec. 2006 1352

Pectin extraction from Citrus medica Linn.

Tangwongchai, R., et al.

liking score on the spreadability, texture and overall liking. As a stabilizer in chocolate pasteurised milk,

0.2% of the extracted pectin was required to prevent precipitation of chocolate powder with the similar

viscosity obtained from 0.06% κκκκκ-carageenan

Key words : pectin extraction, Citrus medica, jelling agent, stabilizer
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fractional factorial design æ∫«à“ §«“¡‡ªìπ°√¥-¥à“ß Õÿ≥À¿Ÿ¡‘ ·≈–‡«≈“∑’Ë„™â °—¥‡ªìπªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕª√‘¡“≥

·≈–§ÿ≥¿“æ¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â  ‡¡◊ËÕ∑”°“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥‡æ§µ‘π®“° â¡¡–ß—Ë«‚¥¬„™â·ºπ

°“√∑¥≈Õß·∫∫ central composite design  “¡“√∂ √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å„π°“√∑”π“¬§«“¡ —¡æ—π∏å

√–À«à“ßªí®®—¬∑’Ë»÷°…“  (§«“¡‡ªìπ°√¥-¥à“ß  Õÿ≥À¿Ÿ¡‘  ·≈–‡«≈“)  °—∫§à“ —ß‡°µ  (ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â  ª√‘¡“≥

πÈ”Àπ—° ¡¡Ÿ≈¬å ª√‘¡“≥‡¡∑Õ°´‘≈ ·≈–ª√‘¡“≥ anhydrogalacturonic acid) ‚¥¬∑’Ë§à“∑’Ë∑”π“¬‰¥â®“°·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å·≈–§à“∑’Ë‰¥â®“°°“√∑¥≈Õß¡’§«“¡„°≈â‡§’¬ß°—π (p>0.05) æ∫«à“ ∑’Ë ¿“«– pH 2 Õÿ≥À¿Ÿ¡‘ 100
o
C ·≈–‡«≈“

105 π“∑’ ‡ªìπ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥‡æ§µ‘π ‡¡◊ËÕπ”‡æ§µ‘π∑’Ë °—¥‰¥â®“° ¿“«–∑’Ë‡À¡“– ¡‰ª∑¥≈Õß„™â‡ªìπ

 “√∑’Ë°àÕ„Àâ‡°‘¥≈—°…≥–‡®≈„πº≈‘µ¿—≥±å·¬¡ —∫ª–√¥ æ∫«à“·¬¡ —∫ª–√¥∑’Ë‰¥â¡’§«“¡§ßµ—«¢Õß‡®≈‰¡à·µ°µà“ß°—∫·¬¡

 —∫ª–√¥∑’Ë„™â‡æ§µ‘π∑“ß°“√§â“‡°√¥ 150 Õ¬à“ß‰√°Áµ“¡ ≈—°…≥–°“√ª“¥ªÑ“¬ ‡π◊ÈÕ —¡º—  ·≈–§«“¡™Õ∫‚¥¬√«¡¢Õß

·¬¡∑’Ë„™â‡æ§µ‘π∑“ß°“√§â“¡’§à“§–·ππ∑’Ë Ÿß°«à“ ·≈–‡¡◊ËÕπ”‡æ§µ‘π‰ª„™â‡ªìπ “√‡ √‘¡§«“¡§ßµ—«„ππ¡æ“ ‡®Õ‰√´å

√ ™Õ§‚°·≈µ æ∫«à“µâÕß„™â‡æ§µ‘πª√‘¡“≥ 0.2% ®÷ß®–∑”„Àâºß™Õ§‚°·≈µ “¡“√∂·¢«π≈Õ¬„ππ¡‰¥â‚¥¬‰¡à

µ°µ–°Õπ·≈–¡’§«“¡Àπ◊¥¢Õßπ¡™Õ§‚°·≈µ∑’Ë‰¡à·µ°µà“ß®“°°“√„™â·§ªª“§“√“®’·ππ 0.06% ‡ªìπ “√‡ √‘¡§«“¡

§ßµ—«

‡æ§µ‘π‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ®”æ«° polysac-

charide ¡’‚§√ß √â“ßÀ≈—°∑’Ëª√–°Õ∫¥â«¬ D-galacturonic

acid ∑’ËµàÕ°—π¥â«¬æ—π∏– α-1,4 glycosidic æ∫‡ªìπÕß§å
ª√–°Õ∫„πºπ—ß‡´≈≈åæ◊™∑—Ë«Ê ‰ª ‚¥¬‡©æ“–º≈‰¡âµ√–°Ÿ≈
 â¡ (citrus fruit) ‚¥¬∑—Ë«‰ª‡æ§µ‘π∑’Ë¡’Õ¬Ÿà„π‡π◊ÈÕ‡¬◊ËÕæ◊™
 “¡“√∂ °—¥ÕÕ°¡“‰¥â‚¥¬°“√‰Œ‚¥√‰≈´’  (hydrolysis)

‡æ§µ‘π„π√Ÿª∑’Ë‰¡à≈–≈“¬ (insoluble pectin) „Àâ‡ªìπ
‡æ§µ‘π„π√Ÿª∑’Ë≈–≈“¬‰¥â (soluble pectin) ¥—ßπ—Èπ™π‘¥·≈–
§«“¡‡¢â¡¢âπ¢Õß°√¥°Á‡ªìπªí®®—¬ ”§—≠ªí®®—¬Àπ÷Ëß„π°“√
 °—¥‡æ§µ‘π®“°‡π◊ÈÕ‡¬◊ËÕæ◊™ (Michel et al., 1985)  πÕ°
®“°π’È¡’√“¬ß“π°“√«‘®—¬∂÷ßªí®®—¬Õ◊ËπÊ ∑’Ë¡’º≈µàÕª√‘¡“≥
·≈–§ÿ≥¿“æ¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â ‡™àπ ®”π«π§√—Èß∑’Ë∑”
°“√ °—¥ Õ—µ√“ à«π¢ÕßπÈ”Àπ—°‡π◊ÈÕ‡¬◊ËÕæ◊™µàÕª√‘¡“µ√ “√

≈–≈“¬°√¥∑’Ë„™â„π°“√ °—¥ Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√ °—¥
√«¡∑—Èß™π‘¥·≈–ª√‘¡“≥¢Õß “√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√
 °—¥ ‡ªìπµâπ (Dhingra, Gupta, 1982; Aravantinos-

Zafiris and Oreopoulou, 1992; Agrawal and Pruthit,

1968;  Simpson et al., 1984;  Michel et al., 1985;

Chang et al., 1994)

 â¡¡–ß—Ë«‡ªìπº≈‰¡âµ√–°Ÿ≈ â¡∑’Ëª≈Ÿ°∑—Ë«‰ª„π¿“§
µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¢Õß‰∑¬    â¡¡–ß—Ë«¡’‡π◊ÈÕ‡ª≈◊Õ°™—Èπ
°≈“ß (albedo) Àπ“ ´÷Ëß‡ªìπ∫√‘‡«≥∑’Ë‡æ§µ‘π – ¡Õ¬Ÿà‡ªìπ
ª√‘¡“≥¡“° (Kertesz, 1951) ¥—ßπ—Èπ â¡¡–ß—Ë«®÷ß¡’»—°¬¿“æ
„π°“√‡ªìπ·À≈àß‡æ§µ‘π «—µ∂ÿª√– ß§åß“π«‘®—¬π’È‡æ◊ËÕ»÷°…“
ªí®®—¬∑’Ë¡’º≈µàÕª√‘¡“≥·≈–§ÿ≥¿“æ¢Õß‡æ§µ‘π∑’Ë °—¥®“°
‡ª≈◊Õ° â¡¡–ß—Ë«·≈–À“ ¿“«–∑’Ë‡À¡“– ¡¢Õßªí®®—¬∑’Ëºà“π
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°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«

√—™Æ“  µ—Èß«ß§å‰™¬ ·≈–§≥–1353

°“√§—¥‡≈◊Õ°·≈â«„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«
√«¡∑—ÈßÀ“·π«∑“ß°“√„™âª√–‚¬™πå‡æ§µ‘π∑’Ë °—¥‰¥â®“°
‡ª≈◊Õ° â¡¡–ß—Ë«„π√–∫∫Õ“À“√‡æ◊ËÕ≈¥ª√‘¡“≥°“√π”‡¢â“
‡æ§µ‘π®“°µà“ßª√–‡∑»

«‘∏’°“√∑¥≈Õß

1. °“√‡µ√’¬¡‡ª≈◊Õ° â¡¡–ß—Ë«

π”º≈ â¡¡–ß—Ë«∑’ËÕ¬Ÿà„π√–¬–·°à®—¥ (º≈¡’ ’‡¢’¬« ¢π“¥
‡ âπºà“π»Ÿπ¬å°≈“ß 6-10 ´¡.  Õ—µ√“ à«ππÈ”µ“≈µàÕ°√¥
0.60-0.65)  ∑”°“√ªÕ°‡ª≈◊Õ°·¬°‡Õ“‡©æ“– à«π‡π◊ÈÕ
‡ª≈◊Õ° ’¢“«¥â“π„π·≈–π”¡“µ’ªÉπ¥â«¬‡§√◊ËÕß∫¥ ·≈â«∑”
°“√¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å‚¥¬π”‰ªµâ¡„π‡Õ∑“πÕ≈
95%  ‡ªìπ‡«≈“ 15 π“∑’ (Õ—µ√“ à«π‡Õ∑“πÕ≈µàÕπÈ”Àπ—°
‡ª≈◊Õ° ¥‡ªìπ 1:1) ®“°π—Èπ∫’∫‡Õ∑“πÕ≈ÕÕ°‚¥¬„™â‡§√◊ËÕß
°¥Õ—¥‰Œ‚¥√≈‘§ (hydraulic press) π”‰ª≈â“ßπÈ”  ·≈â«∑”
°“√∫’∫πÈ”ÕÕ°‚¥¬„™â‡§√◊ËÕß°¥Õ—¥‰Œ‚¥√≈‘§  ∑”°“√≈â“ßπÈ”
´È” 3 §√—Èß À≈—ß®“°π—Èπ∑”°“√Õ∫·Àâß‚¥¬„™âµŸâÕ∫≈¡√âÕπ∑’Ë
Õÿ≥À¿Ÿ¡‘ 65ºC Õ∫‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß‚¥¬ª√–¡“≥ ·≈â«
∫¥·≈–√àÕπºà“πµ–·°√ß 50 mesh §«“¡™◊Èπ ÿ¥∑â“¬‡ªìπ
11%  ®“°π—Èπ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ -29ºC ‡æ◊ËÕ„™â‡ªìπ«—µ∂ÿ¥‘∫„π
°“√«‘®—¬µàÕ‰ª

2. °“√§—¥‡≈◊Õ°ªí®®—¬∑’Ë¡’º≈µàÕ°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ°

 â¡¡–ß—Ë«

§—¥‡≈◊Õ°ªí®®—¬∑’Ë¡’º≈µàÕ°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ°
 â¡¡–ß—Ë« ‚¥¬»÷°…“ªí®®—¬¢ÕßÕ—µ√“ à«π‡ª≈◊Õ° â¡¡–ß—Ë«µàÕ
πÈ”∑’Ë„™â„π°“√ °—¥ ª√‘¡“≥ “√‚´‡¥’¬¡‡Œ°´“‡¡µ“øÕ ‡øµ
(sodiumhexameta phosphate; SHMP) §«“¡‡ªìπ°√¥-
¥à“ß Õÿ≥À¿Ÿ¡‘ ·≈–‡«≈“∑’Ë„™â„π°“√ °—¥  ∑”°“√ °—¥‡æ§µ‘π
‚¥¬„™â à«π‡π◊ÈÕ‡ª≈◊Õ° ’¢“«¥â“π„π (®“°¢âÕ 1) ®”π«π
50 °√—¡ (πÈ”Àπ—°·Àâß) ‡µ‘¡πÈ”°≈—Ëπµ“¡Õ—µ√“ à«π∑’Ë»÷°…“
·≈–‡µ‘¡ “√ SHMP ª√—∫ pH ‚¥¬„™â°√¥‰Œ‚¥√§≈Õ√‘§
§«“¡‡¢â¡¢âπ 5 N  ∑”°“√ °—¥„πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘
ª√—∫Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√ °—¥µ“¡ ¿“«–¢Õß·µà≈–°“√
∑¥≈Õß (Table 1)  ®“°π—Èπ°√Õß¢Õß‡À≈«∑’Ë‰¥â®“°°“√
 °—¥ºà“πºâ“¢“«∫“ß®–‰¥â à«π “√≈–≈“¬‡æ§µ‘π  à«π°“°
π”‰ª‡µ‘¡πÈ”°≈—Ëπ„πª√‘¡“µ√ 1/4    à«π¢Õßª√‘¡“µ√πÈ”

°≈—Ëπ∑’Ë‡µ‘¡§√—Èß·√°·≈–ª√—∫ pH ·≈â«∑”°“√ °—¥´È”·≈–
°√ÕßÕ’°§√—Èß π” à«π “√≈–≈“¬‡æ§µ‘π∑’Ë °—¥‰¥â∑—Èß 2 §√—Èß
√«¡°—π ∑‘Èß„Àâ‡¬Áπ ·≈â«µ°µ–°Õπ¥â«¬‡Õ∑“πÕ≈ 95% ∑’Ë
pH 1  „πÕ—µ√“ à«π‡Õ∑∏“πÕ≈µàÕ “√≈–≈“¬‡æ§µ‘π‡ªìπ
1:1 µ—Èß∑‘Èß‰«â 15 ™—Ë«‚¡ß ·≈â«°√Õßµ–°Õπ¥â«¬‡§√◊ËÕß°√Õß
 ÿ≠≠“°“»ºà“πºâ“≈‘π‘π·°â«Àπ“ 2 ™—Èπ  À≈—ß®“°π—Èπ≈â“ß
µ–°Õπ∑’Ë‰¥â´È”Õ’°§√—Èß¥â«¬‡Õ∑“πÕ≈ 95% ∑’Ë pH 1 ∑‘Èß‰«â
15 ™—Ë«‚¡ß  ∑”°“√°√Õß  ·≈â«≈â“ßµ–°Õπ¥â«¬‡Õ∑“πÕ≈
‡¢â¡¢âπ 70% ∑’Ë pH 1 ·≈â«∑”´È”Õ’° 2 §√—Èß ®“°π—Èπ≈â“ß
µ–°Õπ¥â«¬Õ– ‘́‚µπ§«“¡‡¢â¡¢âπ 50% ·≈â«∑”´È”Õ’° 2

§√—Èß π”‡æ§µ‘π∑’Ë°√Õß‰¥â‰ªÕ∫·Àâß¥â«¬µŸâÕ∫ ÿ≠≠“°“»∑’Ë
Õÿ≥À¿Ÿ¡‘ 35ºC π“π 12 ™—Ë«‚¡ß ·≈â«∫¥‡ªìπºß√àÕπºà“π
µ–·°√ß¢π“¥ 60 mesh  π”‡æ§µ‘π∑’Ë °—¥‰¥â«‘‡§√“–Àå§à“
µà“ßÊ §◊Õ ™—ËßπÈ”Àπ—°‡æ§µ‘π∑’Ë °—¥‰¥â‡æ◊ËÕÀ“ª√‘¡“≥‡æ§µ‘π
(%¢ÕßπÈ”Àπ—°·Àâß)  «‘‡§√“–Àå‡∂â“ §«“¡™◊Èπ πÈ”Àπ—° ¡¡Ÿ≈¬å
(Equivalent weight)  ª√‘¡“≥‡¡∑Õ°´‘≈ (Methoxyl

content) ·≈–ª√‘¡“≥ Anhydrogalacturonic acid ‚¥¬
«‘∏’„π°“√«‘‡§√“–ÀåÕâ“ßÕ‘ßµ“¡ Ranganna (1977)

«“ß·ºπ°“√∑¥≈Õß·∫∫ 25-1 Fractional Factorial

Experiments ‚¥¬»÷°…“√–¥—∫¢Õßªí®®—¬∑’Ë√–¥—∫µË”·≈–
√–¥—∫ Ÿß √–¥—∫¢Õßªí®®—¬∑’Ë„™â„π°“√∑¥≈Õß· ¥ß„π Table

1  ·≈–∑”°“√«‘‡§√“–Àå§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈‚¥¬„™â
‚ª√·°√¡ ”‡√Á®√Ÿª SPSS version 10.0 ‡æ◊ËÕÀ“ªí®®—¬∑’Ë¡’
§«“¡ ”§—≠„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«®“°°“√
«‘‡§√“–Àå§«“¡∂¥∂Õ¬‡™‘ß´âÕπ (multiple regression)

3. °“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥‡æ§µ‘π®“°

‡ª≈◊Õ° â¡¡–ß—Ë«

∑”°“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡¢Õßªí®®—¬„π°“√
 °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«∑’Ë§—¥‡≈◊Õ°‰¥â®“°¢âÕ 2 ‡æ◊ËÕ
„Àâ‰¥âª√‘¡“≥·≈–§ÿ≥¿“æ¢Õß‡æ§µ‘π Ÿß∑’Ë ÿ¥ ‚¥¬„™â·ºπ
°“√∑¥≈Õß Central Composite Designs (CCD)  ∑”°“√
 °—¥‡æ§µ‘πµ“¡¢—ÈπµÕπ‡™àπ‡¥’¬«°—∫¢âÕ 2 ‚¥¬¡’√–¥—∫¢Õß
ªí®®—¬∑’Ë„™â„π°“√ °—¥‡æ§µ‘π∑’Ë√–¥—∫ Ÿß (1)  °≈“ß (0)  µË”
(-1)  +α  ·≈–  -α  ¥—ß· ¥ß„π Table 2   «‘‡§√“–Àå
§ÿ≥ ¡∫—µ‘¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â‡™àπ‡¥’¬«°—∫¢âÕ 2   «‘‡§√“–Àå
À“·π«‚πâ¡§«“¡ —¡æ—π∏å¢Õß¢âÕ¡Ÿ≈·∫∫ polynomial re-

gression ‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª SPSS version 10.0
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‡æ◊ËÕ √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ·≈– √â“ßæ◊Èπº‘«µÕ∫
 πÕß‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª Statistica version 5.0

∑”°“√∑¥ Õ∫§«“¡‡À¡“– ¡¢Õß·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å∑’Ë‰¥â ‚¥¬°“√ ÿà¡ ¿“«–„π°“√ °—¥‡æ§µ‘π 5

 ¿“«–  ∑”°“√ °—¥‡æ§µ‘π·≈–«‘‡§√“–Àå§ÿ≥ ¡∫—µ‘¢Õß
‡æ§µ‘π∑’Ë °—¥‰¥âµ“¡¢âÕ 2  ‡ª√’¬∫‡∑’¬∫§à“§ÿ≥ ¡∫—µ‘¢Õß
‡æ§µ‘π∑’Ë °—¥‰¥â®√‘ß°—∫§à“∑’Ë§”π«≥‰¥â®“°·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å  ·≈–«—¥§à“‡¬≈≈’Ë‡°√¥ (Ranganna, 1977)

‡ª√’¬∫‡∑’¬∫§ÿ≥ ¡∫—µ‘¢Õß‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«∑’Ë
 °—¥‰¥â°—∫‡æ§µ‘π∑“ß°“√§â“‡°√¥ 150

4. ·π«∑“ß°“√„™âª√–‚¬™πå¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â®“°

‡ª≈◊Õ° â¡¡–ß—Ë«

π”‡æ§µ‘π∑’Ë °—¥‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë«‰ª„™â∑¥≈Õß
„™â„π√–∫∫Õ“À“√ ‚¥¬„™â‡ªìπ “√°àÕ„Àâ‡°‘¥‡®≈„π·¬¡
 —∫ª–√¥„π≈—°…≥–µà“ßÊ °—∫·¬¡ —∫ª–√¥∑’Ë„™â‡æ§µ‘π∑“ß
°“√§â“‡°√¥ 150 ‚¥¬«—¥§«“¡§ßµ—«¢Õß‡®≈‚¥¬„™â‡§√◊ËÕß
Bostwick  consistometer  (Rolin  and  Vries,  1990)

‡ª√’¬∫‡∑’¬∫°“√∑¥ Õ∫§«“¡™Õ∫ (preference test) ¢Õß
ºŸâ∫√‘‚¿§®”π«π 60 §π  ‚¥¬„™â·∫∫ª√–‡¡‘π¡“µ√«—¥·∫∫

‡ âπ  (§«“¡¬“«√–À«à“ßª≈“¬ Õß¢â“ß‡ªìπ  10  ´¡.)  ∑’Ë
ª≈“¬¥â“πÀπ÷Ëß√–∫ÿ√–¥—∫§«“¡™Õ∫µË” ÿ¥ "‰¡à™Õ∫‡≈¬" ·≈–
ª≈“¬Õ’°¥â“π√–∫ÿ√–¥—∫§«“¡™Õ∫ Ÿß ÿ¥ "™Õ∫¡“°" ·≈–„™â
∑¥ Õ∫°“√‡ªìπ “√‡ √‘¡§«“¡§ßµ—«„ππ¡æ“ ‡®Õ‰√ ǻ√ 
™Õ§‚°·≈µ ‡ª√’¬∫‡∑’¬∫§«“¡Àπ◊¥·≈–°“√µ°µ–°Õπ¢Õß
ºß™Õ§‚°·≈µ„ππ¡æ“ ‡®Õ‰√´å√ ™Õ§‚°·≈µ∑’Ë„™â·§ªª“
§“√“®’·ππ‡ªìπ “√‡ √‘¡§«“¡§ßµ—« ‚¥¬°“√«—¥§«“¡Àπ◊¥
µ“¡«‘∏’¢Õß —πµ‘ (2535) ·≈– —ß‡°µ°“√≥åµ°µ–°Õπ¢Õß
ºß™Õ§‚°·≈µ„ππ¡∑’ËÕÿ≥À¿Ÿ¡‘ 10ºC

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈

 â¡¡–ß—Ë«¡’ª√‘¡“≥‡π◊ÈÕ‡ª≈◊Õ° ’¢“«¥â“π„π„πª√‘¡“≥
28% (πÈ”Àπ—°º≈ ¥)  ·≈–‡¡◊ËÕπ”¡“¬—∫¬—Èß‡ÕÁπ‰´¡å¥â«¬
‡Õ∑∏“πÕ≈·≈–∑”·Àâß„Àâ¡’§«“¡™◊Èπ‡©≈’Ë¬ 11%  §‘¥‡ªìπ
πÈ”Àπ—° 3% ¢Õßº≈ ¥

1. °“√§—¥‡≈◊Õ°ªí®®—¬∑’Ë¡’º≈µàÕ°“√ °—¥‡æ§µ‘π∑’Ë °—¥®“°

‡ª≈◊Õ° â¡¡–ß—Ë«

®“°º≈°“√«‘‡§√“–Àå§«“¡∂¥∂Õ¬‡™‘ß ấÕπ¢Õß¢âÕ¡Ÿ≈

Table 2. The levels of studied factors for optimization step in the pectin

extraction from  Citrus medica Linn. for screening experiments

Factor Levels
     Studied Factors

-ααααα -1 0 1 +ααααα

pH (±0.1) 1 1.5 2.25 3 3.5
Extracting temperature (ºC ± 1) 49.8 60 75 90 100.2
Extracting time (min) 29.7 45 67.5 90 105.3

Table 1. The levels of studied factors affected the pectin extraction

from Citrus medica Linn. for screening experiments

             Factor Levels
      Studied Factors

Low High

Citron to water ratio (g/mL) 1 : 25 1 : 35
Hexametaphosphate (% dry Citron weight) 1 6
pH (±0.1) 1.5 3
Extracting Temperature  (ºC ± 1) 60 90
Extracting time (min) 45 90
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∑’Ë‰¥â®“°°“√∑¥≈Õß (¢π‘…∞“ ·≈–§≥–, 2545) æ∫«à“ªí®®—¬
¥â“πÕ—µ√“ à«π‡ª≈◊Õ° â¡¡–ß—Ë«µàÕπÈ”∑’Ë„™â„π°“√ °—¥·≈–
ª√‘¡“≥ “√‚´‡¥’¬¡‡Œ°´“‡¡µ“øÕ ‡øµ‰¡à¡’º≈·µ°µà“ß
∑“ß ∂‘µ‘µàÕª√‘¡“≥·≈–§ÿ≥ ¡∫—µ‘¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â
(ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å  ª√‘¡“≥‡¡∑Õ°´‘≈  ·≈–ª√‘¡“≥
°√¥ anhydrogalacturonic; p>0.05)  „π¢≥–∑’Ëªí®®—¬
¥â“π§«“¡‡ªìπ°√¥-¥à“ß Õÿ≥À¿Ÿ¡‘ ·≈–‡«≈“∑’Ë„™â„π°“√ °—¥
¡’º≈µàÕ§«“¡·µ°µà“ß∑“ß ∂‘µ‘µàÕª√‘¡“≥·≈–§ÿ≥ ¡∫—µ‘
¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â (p>0.05) º≈°“√§—¥‡≈◊Õ°ªí®®—¬∑’Ë‰¥â
 Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Pagan et al. (2001) ∑’Ëæ∫«à“
Õÿ≥À¿Ÿ¡‘ pH ·≈–‡«≈“¡’º≈µàÕª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â
®“°°“°æ’™ (peach pomace) ·≈– Õ¥§≈âÕß°—∫°“√ °—¥
‡æ§µ‘π®“°‡ª≈◊Õ°¡–π“« ’‡¢’¬« (Rouse and Crandall,

1978)   â¡µ√–°Ÿ≈ Citrus grandis (Dang and Dang,

1989)  ‡ª≈◊Õ° â¡‚Õ (∏“π’,  2533)  °“°·Õª‡ªîô≈ (Pagan

and Ibarz, 1999)  ‡ª≈◊Õ°·≈–°“° â¡ (Aravantinos-

Zafiris and Oreo-poulou, 1992) ·≈–À—«∫’∑ (Levigne

et al., 2001) ´÷Ëß√“¬ß“π«à“ §«“¡‡ªìπ°√¥-¥à“ß Õÿ≥À¿Ÿ¡‘
·≈–‡«≈“„π°“√ °—¥  ‡ªìπªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ°“√ °—¥
‡æ§µ‘π®“°«—µ∂ÿ¥‘∫   Õ¬à“ß‰√°Áµ“¡ º≈°“√∑¥≈Õß¢Õß
Dhingra ·≈– Gupta (1982) √“¬ß“π«à“ ª√‘¡“≥ SHMP

∑’Ë„™â„π°“√ °—¥¡’º≈µàÕ§ÿ≥ ¡∫—µ‘¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â®“°
Ω√—Ëßª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å·≈–‡¡∑Õ°´‘≈

®“°º≈°“√«‘‡§√“–Àå§«“¡∂¥∂Õ¬‡™‘ß´âÕπ¢â“ßµâπ
®÷ß √ÿª«à“  §«“¡‡ªìπ°√¥-¥à“ß  Õÿ≥À¿Ÿ¡‘  ·≈–‡«≈“  ‡ªìπ
ªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕª√‘¡“≥·≈–§ÿ≥¿“æ¢Õß‡æ§µ‘π∑’Ë
 °—¥‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë« ¥—ßπ—Èπ®÷ß„™âªí®®—¬∑—Èß 3 „π°“√
»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡
¡–ß—Ë«„π°“√»÷°…“¢—ÈπµàÕ‰ª  à«πªí®®—¬Õ◊Ëπ§◊ÕÕ—µ√“ à«π¢Õß
πÈ”Àπ—°‡π◊ÈÕ‡¬◊ËÕæ◊™µàÕª√‘¡“µ√ “√≈–≈“¬∑’Ë„™â„π°“√ °—¥
·≈–ª√‘¡“≥ SHMP ∂Ÿ°°”Àπ¥„Àâ§ß∑’Ë∑’Ë√–¥—∫ 1:25 ·≈–
1% µ“¡≈”¥—∫

2. °“√À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ°

 â¡¡–ß—Ë«

®“°°“√«‘‡§√“–Àå ¡°“√∂¥∂Õ¬æÀÿ (polynomial

regression) ‡æ◊ËÕÀ“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥ª√‘¡“≥
·≈–§ÿ≥¿“æ‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë« Ÿß ÿ¥  ‚¥¬°“√

 √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å·≈–æ◊Èπº‘«µÕ∫ πÕß‡æ◊ËÕ
Õ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ßªí®®—¬¥â“π§«“¡‡ªìπ°√¥-¥à“ß
(X

1
)  Õÿ≥À¿Ÿ¡‘ (X

2
)  ·≈–‡«≈“∑’Ë„™â„π°“√ °—¥ (X

3
)

2.1 ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â (Y
1
)

§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â
°—∫ªí®®—¬∑’Ë»÷°…“¡’·π«‚πâ¡¢Õß§«“¡ —¡æ—π∏å‡ªìπ‡™‘ß‡ âπ
‚§âß (equation 1 ·≈– Figure 1) ´÷Ëß§«“¡ —¡æ—π∏åµ“¡
 ¡°“√∑’Ë 1 ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„® (coefficient of

determination; R2) ‡∑à“°—∫ 0.961 ·≈–¡’π—¬ ”§—≠¢Õß
·∫∫®”≈Õß∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 99% (model signific-

ance; p<0.99) °≈à“«§◊Õ Õÿ≥À¿Ÿ¡‘„π°“√ °—¥‡æ‘Ë¡¢÷Èπ‡ªìπ
º≈„Àâª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â‡æ‘Ë¡¢÷Èπ ‚¥¬°“√ °—¥∑’Ë
Õÿ≥À¿Ÿ¡‘ Ÿß·≈–„™â‡«≈“„π°“√ °—¥π“π¢÷Èπ¡’º≈„Àâª√‘¡“≥
‡æ§µ‘π∑’Ë °—¥‰¥â‡æ‘Ë¡¢÷Èπ   „π∑“ßµ√ß°—π¢â“¡°“√ °—¥∑’Ë
Õÿ≥À¿Ÿ¡‘µË”·≈–„™â‡«≈“„π°“√ °—¥π“π¢÷Èπ°≈—∫¡’º≈„Àâ
‡æ§µ‘π∑’Ë °—¥‰¥â≈¥≈ß „π¢≥–∑’Ë§«“¡‡ªìπ°√¥-¥à“ß„π°“√
 °—¥‡æ‘Ë¡¢÷Èπ¡’º≈„Àâª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â¡’ª√‘¡“≥≈¥≈ß
‚¥¬§à“§«“¡‡ªìπ°√¥-¥à“ß¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥
‡æ§µ‘π∑’Ë °—¥‰¥â‡æ’¬ß‡≈Á°πâÕ¬‡¡◊ËÕ∑”°“√ °—¥∑’ËÕÿ≥À¿Ÿ¡‘µË”
„π¢≥–∑’Ë°“√ °—¥∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß (>85ºC) ·≈–§«“¡‡ªìπ
°√¥-¥à“ßµË” (pH<2) ¡’ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â Ÿß ÿ¥„π
¢Õ∫‡¢µ¢Õßªí®®—¬∑’Ë∑”°“√»÷°…“ ·µàÕ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ§à“
§«“¡‡ªìπ°√¥-¥à“ß Ÿß°«à“ 2 ·≈–Õÿ≥À¿Ÿ¡‘„π°“√ °—¥µË”
°«à“ 75ºC ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â®–¡’ª√‘¡“≥≈¥≈ß
(Figure 1)

Y
1

= 10.104 - 4.890X
1
 + 5.191X

2
 + 1.848X

3

+ 0.686X
2
2 - 2.068X

1
X

2
 + 1.917X

2
X

3
(1)

º≈°“√∑¥≈Õß∑’Ë‰¥â Õ¥§≈âÕß°—∫ß“π«‘®—¬Õ◊ËπÊ
∑’Ë °—¥‡æ§µ‘π®“°‡ª≈◊Õ°¡–π“« ’‡¢’¬« (Rouse  and

Crandall, 1978) ·≈–®“° â¡µ√–°Ÿ≈ Citrus grandis

(Dang and Dang, 1989) ÷́Ëß√“¬ß“π«à“ª√‘¡“≥‡æ§µ‘π
®“°°“√ °—¥‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘„π°“√ °—¥ Ÿß¢÷Èπ  πÕ°
®“°π’Èß“π«‘®—¬°“√ °—¥‡æ§µ‘π®“°°“°·Õª‡ªîô≈ (Pagan

and Ibarz, 1999) ®“°‡ª≈◊Õ°·≈–°“° â¡ (Aravantinos-

Zafiris and Oreo-poulou, 1992) ®“°À—«∫’∑ (Levigne

et al., 2001)  ·≈–®“°°“°æ’™ (Pagan et al., 2001)
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√“¬ß“π«à“°“√ °—¥∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ·≈– pH µË”„Àâª√‘¡“≥
‡æ§µ‘π∑’Ë °—¥‰¥â Ÿß∑’Ë ÿ¥ ∑—Èßπ’È “¡“√∂Õ∏‘∫“¬‰¥â«à“°“√ °—¥
∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°“√·æ√à¢Õß “√≈–≈“¬ °—¥‡¢â“ Ÿà‡π◊ÈÕ‡¬◊ËÕæ◊™
·≈–°“√·æ√à¢Õß‚¡‡≈°ÿ≈‡æ§µ‘πÕÕ°®“°‡π◊ÈÕ‡¬◊ËÕæ◊™‡°‘¥„π
Õ—µ√“∑’Ë‡√Á«®÷ß∑”„Àâ‡æ§µ‘π∑’Ë °—¥‰¥â Ÿß  ·≈–‡«≈“„π°“√
 °—¥∑’Ëπ“π∑”„Àâ°“√‡°‘¥ªØ‘°‘√‘¬“‡°‘¥‰¥â¡“°¥â«¬®÷ß∑”„Àâ
 “¡“√∂ °—¥‡æ§µ‘π‰¥â¡“° (Kratchanov et al., 1980)

 à«πº≈¢Õß pH µàÕª√‘¡“≥‡æ§µ‘πÕ∏‘∫“¬‰¥â«à“‡¡◊ËÕ°“√
 °—¥∑’Ë pH µË”ª√‘¡“≥‰Œ‚¥√‡®πÕ‘ÕÕπ (H+) ¡’Õ¬Ÿà„π√–∫∫

 Ÿß‡°‘¥ªØ‘°‘√‘¬“‰Œ‚¥√‰≈´å¡“°¢÷Èπ  ‡ªìπº≈∑”„Àâ‡°‘¥°“√
‡ª≈’Ë¬π “√ª√–°Õ∫‡æ§µ‘π∑’Ë‰¡à≈–≈“¬πÈ” „ÀâÕ¬Ÿà„π√Ÿª∑’Ë
≈–≈“¬πÈ”‰¥â‡ªìπº≈„Àâª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â¡’ª√‘¡“≥ Ÿß
·µà‡¡◊ËÕ pH ‡æ‘Ë¡ Ÿß¢÷Èπ‰Œ‚¥√‡®πÕ‘ÕÕπ„π√–∫∫°“√ °—¥
≈¥≈ßª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â®÷ß≈¥≈ß (∏“π’, 2533)

2.2 ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å (Y
2
)

ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â¡’
·π«‚πâ¡§«“¡ —¡æ—π∏å°—∫ªí®®—¬∑’Ë»÷°…“„π≈—°…≥–‡™‘ß‡ âπ
µ√ß (equation 2 ·≈– Figure 2) ´÷Ëß§«“¡ —¡æ—π∏åµ“¡

Figure 1. (a) Three dimension plot for pectin yield (Y
1
) as a function of pH (X

1
) and temper-

ature (X
2
; ºC)

(b) Three dimension plot for pectin yield (Y
1
) as a function of temperature (X

2
; ºC)

and time (X
3
; min)

[Color figure can be viewed in the electronic version]
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 ¡°“√∑’Ë 2 ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„®‡∑à“°—∫ 0.899

·≈–¡’π—¬ ”§—≠¢Õß·∫∫®”≈Õß∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 99%

(p<0.99) ‚¥¬‡¡◊ËÕ§«“¡‡ªìπ°√¥-¥à“ß„π°“√ °—¥‡æ‘Ë¡¢÷Èπ
ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â¡’·π«‚πâ¡‡æ‘Ë¡
¢÷Èπ  ·≈–ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â¡’
·π«‚πâ¡≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√ °—¥‡æ‘Ë¡¢÷Èπ

Y
2

= 667.733 + 104.189X
1
 - 30.039X

2
 - 18.616X

3

- 51.252X
1
X

2
(2)

„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«∑’Ë§à“
§«“¡‡ªìπ°√¥-¥à“ßµË” ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å¢Õß‡æ§µ‘π
∑’Ë °—¥‰¥â≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘°“√ °—¥ „π¢≥–∑’Ë°“√ °—¥
∑’Ë§à“§«“¡‡ªìπ°√¥-¥à“ß Ÿß Õÿ≥À¿Ÿ¡‘„π°“√ °—¥∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ
¡’º≈„Àâª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â‡æ‘Ë¡¢÷Èπ

(Figure 2a)  ·≈–‡¡◊ËÕ‡«≈“„π°“√ °—¥‡æ‘Ë¡¢÷Èπª√‘¡“≥
πÈ”Àπ—° ¡¡Ÿ≈¬å¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â≈¥≈ß (Figure 2b)

‡π◊ËÕß®“°ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å‡ªìπ§à“∑’Ë∫àß∫Õ°∂÷ßª√‘¡“≥
À¡Ÿà§“√å∫Õ°´‘≈Õ‘ √–∑’Ë‰¡à∂Ÿ°‡Õ ‡∑Õ√‘‰ø¥å ¥—ßπ—Èπª√‘¡“≥
πÈ”Àπ—° ¡¡Ÿ≈¬å Ÿß À¡“¬§«“¡«à“ ‡æ§µ‘π¡’À¡Ÿà§“√å∫Õ°´‘≈
Õ‘ √–„π‚§√ß √â“ß∑’Ë‰¡à∂Ÿ°‡Õ ‡∑Õ√‘‰ø¥åÕ¬Ÿà®”π«π¡“° (¡’
À¡Ÿà§“√å∫Õ°´‘≈∑’Ë∂Ÿ°‡Õ ‡∑Õ√‘‰ø¥åÕ¬ŸàπâÕ¬) ‚¥¬ªØ‘°‘√‘¬“
deesterification  “¡“√∂‡°‘¥‰¥â¡“°¢÷Èπ ‡¡◊ËÕ§à“§«“¡‡ªìπ
°√¥-¥à“ß„π°“√ °—¥≈¥≈ß  Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√ °—¥
 Ÿß¢÷Èπ ´÷Ëß°“√‡°‘¥ªØ‘°‘√‘¬“ deesterification ‡ªìπº≈„ÀâÀ¡Ÿà
‡¡∑‘≈∂Ÿ°¥÷ßÕÕ°®“°‚¡‡≈°ÿ≈¢Õß‡æ§µ‘π ®÷ß∑”„Àâª√‘¡“≥
À¡Ÿà§“√å∫Õ°´‘≈∑’Ë‰¡à∂Ÿ°‡Õ ‡∑Õ√‘‰ø¥åÕ¬Ÿà®”π«π¡“°  àßº≈
„Àâª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å¡’§à“¡“° Õ¬à“ß‰√°Áµ“¡‡æ§µ‘π∑’Ë
 °—¥‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë«¡’ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ§à“§«“¡‡ªìπ°√¥-¥à“ß‡æ‘Ë¡¢÷Èπ·≈–Õÿ≥À¿Ÿ¡‘≈¥≈ß ∑—Èßπ’È

Figure 2. (a) Three dimension plot for equivalent weight (Y
2
) as a function of pH (X

1
) and

temperature (X
2
; ºC)

(b) The Relation plot for equivalent weight (Y
2
) and time (X

3
; min)

[Color figure can be viewed in the electronic version]
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Õ“®‡π◊ËÕß¡“®“°‡æ§µ‘π∑’Ë °—¥‰¥â¡’°“√ªπ‡ªóôÕπ¢ÕßÕß§å
ª√–°Õ∫Õ◊ËπÊ ∑’Ë∂Ÿ° °—¥¡“¥â«¬   ´÷Ëß‡¡◊ËÕæ‘®“√≥“∑’ËÕß§å
ª√–°Õ∫¢Õß‡ª≈◊Õ°¥â“π„π¢Õßæ◊™µ√–°Ÿ≈ â¡æ∫«à“ª√–°Õ∫
‰ª¥â«¬ “√ª√–°Õ∫‡æ§µ‘π ‡´≈≈Ÿ‚≈  ‡Œ¡‘‡´≈≈Ÿ‚≈  ·≈–
πÈ”µ“≈Õ◊ËπÊ  ‡™àπ  πÈ”µ“≈°≈Ÿ‚§   πÈ”µ“≈  ø√ÿ§‚µ   ·≈–
πÈ”µ“≈´Ÿ‚§√  (Nagy et al., 1977) ·≈–„π°“√«‘‡§√“–Àå
À“ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å§à“∑’Ë‰¥âÕÕ°¡“§”π«≥®“°
πÈ”Àπ—°·Àâß¢Õß‡æ§µ‘π∑—ÈßÀ¡¥´÷ËßÕ“®√«¡∂÷ßÕß§åª√–°Õ∫
Õ◊ËπÊ ∑’Ë‰¡à„™à°“·≈°µŸ‚≈π‘°∑’Ëªπ‡ªóôÕπ¡“¥â«¬

2.3 ª√‘¡“≥‡¡∑Õ°´‘≈ (Y
3
)

ª√‘¡“≥‡¡∑Õ°´‘≈¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â¡’§«“¡
 —¡æ—π∏å‡™‘ß‡ âπµ√ß°—∫ªí®®—¬∑’Ë»÷°…“ (equation 3 ·≈–
Figure 3) ´÷Ëß§«“¡ —¡æ—π∏åµ“¡ ¡°“√∑’Ë 3 ¡’§à“ —¡ª√– ‘∑∏‘Ï
°“√µ—¥ ‘π„®‡∑à“°—∫ 0.781 ·≈–¡’π—¬ ”§—≠¢Õß·∫∫®”≈Õß
∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 99% (p<0.99) ‚¥¬¡’·π«‚πâ¡·ª√
µ“¡§à“§«“¡‡ªìπ°√¥-¥à“ß ·≈–·ª√º°º—π°—∫Õÿ≥À¿Ÿ¡‘·≈–
‡«≈“∑’Ë„™â„π°“√ °—¥

Y
3

= 3.794 + 1.257X
1
 - 0.255X

2
 - 0.167X

3
(3)

‡¡◊ËÕ§«“¡‡ªìπ°√¥-¥à“ß¢Õß√–∫∫°“√ °—¥‡æ‘Ë¡
¢÷Èπ  ª√‘¡“≥‡¡∑Õ°´‘≈¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â‡æ‘Ë¡ Ÿß¢÷Èπ
(Figure 3a) Õ∏‘∫“¬‰¥â«à“ °“√ °—¥∑’Ë§«“¡‡ªìπ°√¥-¥à“ßµË”
√–∫∫¡’ª√‘¡“≥‰Œ‚¥√‡®πÕ‘ÕÕπ Ÿß∑”„ÀâªØ‘°‘√‘¬“ deester-

ification ‡°‘¥‰¥â¥’¢÷Èπ  „π¢≥–∑’Ë§«“¡‡ªìπ°√¥-¥à“ß¢Õß
√–∫∫‡æ‘Ë¡ Ÿß¢÷Èπª√‘¡“≥‰Œ‚¥√‡®πÕ‘ÕÕπ≈¥≈ß‡ªìπº≈„Àâ
°“√‡°‘¥ªØ‘°‘√‘¬“ deesterification ≈¥≈ß∑”„Àâ‡æ§µ‘π∑’Ë
 °—¥‰¥â¡’ª√‘¡“≥‡¡∑Õ°´‘≈‡æ‘Ë¡ Ÿß¢÷Èπ (∏“π’, 2533)   à«π
º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–‡«≈“µàÕª√‘¡“≥‡¡∑Õ°´‘≈ (Figure 3b

·≈– 3C) æ∫«à“ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√ °—¥‡æ‘Ë¡¢÷Èπ
ª√‘¡“≥‡¡∑Õ°´‘≈¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â≈¥≈ß  º≈∑’Ë‰¥â
 Õ¥§≈âÕß°—∫∏“π’ (2533) ∑’Ë√“¬ß“π«à“ ‡¡◊ËÕ§à“§«“¡‡ªìπ
°√¥-¥à“ß≈¥≈ß·≈–‡«≈“„π°“√ °—¥∑’Ëπ“π¢÷Èπ  ‡æ§µ‘π∑’Ë °—¥
‰¥â®“°‡ª≈◊Õ° â¡‚Õ¡’ª√‘¡“≥‡¡∑Õ° ‘́≈≈¥≈ß  ∑—Èßπ’È‡π◊ËÕß
®“°Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ·≈–‡«≈“∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“
deesterification ‰¥â¡“°¢÷Èπ ª√‘¡“≥‡¡∑Õ°´‘≈¢Õß‡æ§µ‘π
∑’Ë °—¥‰¥â®÷ß≈¥≈ß

2.4 ª√‘¡“≥ anhydrogalacturonic acid (Y
4
)

ª√‘¡“≥ anhydrogalacturonic acid ¢Õß

Figure 3. (a) A plot of methoxyl content (Y
3
) to pH (X

1
)

(b) A plot of methoxyl content (Y
3
) to temperature (X

2
; ºC)

(c) A plot of methoxyl content (Y
3
) to time (X

3
; min)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 6 æ.¬.
 

-
 

∏.§. 2549
°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«

√—™Æ“  µ—Èß«ß§å‰™¬ ·≈–§≥–1359

‡æ§µ‘π∑’Ë °—¥‰¥â¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπ‚§âß°—∫Õÿ≥À¿Ÿ¡‘·≈–
‡«≈“∑’Ë„™â„π°“√ °—¥ (equation 4 ·≈– Figure 4) ´÷Ëß
§«“¡ —¡æ—π∏åµ“¡ ¡°“√∑’Ë 4 ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„®
‡∑à“°—∫ 0.27 ·≈–¡’π—¬ ”§—≠¢Õß·∫∫®”≈Õß∑’Ë√–¥—∫§«“¡
‡™◊ËÕ¡—Ëπ 99% (p<0.99)  °≈à“«§◊Õ  ª√‘¡“≥ anhydro-

galacturonic acid ¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â‡æ‘Ë¡¢÷Èπµ“¡
Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√ °—¥∑’Ë‡æ‘Ë¡¢÷Èπ  ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘·≈–
‡«≈“„π°“√ °—¥·ª√‡ª≈’Ë¬π®π∂÷ß®ÿ¥®ÿ¥Àπ÷Ëß   ª√‘¡“≥
anhydrogalacturonic acid ¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â®–≈¥≈ß

Y
4

= 81.408 + 2.420X
1
 - 3.488X

2
2 - 2.593X

3
2 -

4.021X
1
X

3
(4)

Figure 4. (a) Three dimension plot for anhydrogalacturonic acid (Y
4
) as a function of

temperature (X
2
; ºC) and time (X

3
; min)

(b) Three dimension plot for anhydrogalacturonic acid (Y
4
) as a function of

pH (X
1
) and time (X

3
; min)

[Color figure can be viewed in the electronic version]

ª√‘¡“≥ anhydrogalacturonic acid ‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕÕÿ≥À¿Ÿ¡‘·≈–‡«≈“‡æ‘Ë¡¢÷Èπ (Figure 4a) ·≈–¡’ª√‘¡“≥
 Ÿß ÿ¥‡¡◊ËÕ∂÷ß ¿“«–°“√ °—¥∑’ËÕÿ≥À¿Ÿ¡‘ 76ºC ·≈–‡«≈“ 68

π“∑’ À≈—ß®“°π—Èπ‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ 76ºC ·≈–‡«≈“
π“π°«à“ 68 π“∑’   ‡æ§µ‘π∑’Ë °—¥¡’ª√‘¡“≥ anhydro-

galacturonic acid ≈¥≈ß  ´÷Ëß„π°“√ °—¥∑’Ëπ“π¢÷Èπ·≈–
Õÿ≥À¿Ÿ¡‘°“√ °—¥∑’Ë Ÿß¢÷ÈπÕ“®∑”„Àâ¡’Õß§åª√–°Õ∫Õ◊ËπÊ ‡™àπ
‡Œ¡‘‡´≈≈Ÿ‚≈  À√◊ÕπÈ”µ“≈µ—«Õ◊Ëπ∑’Ë¡’Õ¬Ÿà„π à«π‡ª≈◊Õ°¥â“π
„π∂Ÿ° °—¥ÕÕ°¡“¡“°¢÷Èπ∑”„Àâ‡æ§µ‘π¡’§«“¡∫√‘ ÿ∑∏‘ÏπâÕ¬≈ß
º≈¢Õß§«“¡‡ªìπ°√¥-¥à“ß·≈–‡«≈“∑’Ë„™â„π°“√ °—¥‡æ§µ‘π
µàÕª√‘¡“≥ anhydrogalacturonic acid ¥â«¬ (Figure 4b)

· ¥ß„Àâ‡ÀÁπ«à“ ª√‘¡“≥ anhydrogalacturonic acid ¢Õß
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‡æ§µ‘π∑’Ë °—¥‰¥â‡æ‘Ë¡¢÷Èπ  ‡¡◊ËÕ∑”°“√ °—¥∑’Ë§à“§«“¡‡ªìπ
°√¥-¥à“ßµË” (pH<2.6) ·≈–„™â‡«≈“„π°“√ °—¥π“π¢÷Èπ  „π
¢≥–∑’Ëª√‘¡“≥ anhydrogalacturonic acid ¢Õß‡æ§µ‘π∑’Ë
 °—¥‰¥â≈¥≈ß  ‡¡◊ËÕ§à“§«“¡‡ªìπ°√¥-¥à“ß Ÿß°«à“ 2.6 ·≈–
‡«≈“„π°“√ °—¥π“π°«à“ 68 π“∑’

‡¡◊ËÕæ‘®“√≥“ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â√à«¡°—∫
ª√‘¡“≥ anhydrogalacturonic acid ª√‘¡“≥ anhydro-

galacturonic acid ¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â¡’§à“ Ÿß ÿ¥∑’Ë
Õÿ≥À¿Ÿ¡‘ 76ºC ·≈–‡«≈“ 68 π“∑’ ‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘·≈–
‡«≈“ Ÿß¡“°¢÷Èπ¡’º≈„Àâª√‘¡“≥ anhydrogalacturonic acid

≈¥≈ß „π¢≥–∑’Ë‡æ§µ‘π∑’Ë °—¥‰¥â¬—ß§ß‡æ‘Ë¡ª√‘¡“≥ Ÿß¢÷Èπ
‚¥¬‡æ§µ‘π∑’Ë °—¥‰¥â¡’ª√‘¡“≥ Ÿß ÿ¥∑’Ë ¿“«–°“√ °—¥∑’Ë§«“¡
‡ªìπ°√¥-¥à“ßµË” Õÿ≥À¿Ÿ¡‘ Ÿß ·≈–‡«≈“„π°“√ °—¥π“π  ·µà
‡æ§µ‘π∑’Ë °—¥‰¥â®“° ¿“«–¥—ß°≈à“«¡’ª√‘¡“≥ anhydro-

galacturonic acid µË” Õ“®‡ªìπ‰ª‰¥â«à“‡æ§µ‘π∑’Ë‰¥âÕÕ°¡“
¡’Õß§åª√–°Õ∫Õ◊ËπÊ ∑’Ë‰¡à„™à‡æ§µ‘πªπ‡ªóôÕπÕ¬Ÿà Ÿß ¥—ßπ—Èπ
 ¿“«–°“√ °—¥∑’Ë„Àâª√‘¡“≥‡æ§µ‘π Ÿß·≈–‡æ§µ‘π∑’Ë °—¥‰¥â
¬—ß§ß¡’ª√‘¡“≥ anhydrogalacturonic acid  Ÿß¥â«¬ µâÕß
∑”°“√ °—¥∑’Ë pH  Ÿß ·≈– °—¥∑’ËÕÿ≥À¿Ÿ¡‘ 76ºC ·≈–‡«≈“
68 π“∑’ ´÷Ëß‡ªìπ ¿“«–„π°“√ °—¥‡æ§µ‘π‡æ◊ËÕ„Àâ‰¥â‡æ§µ‘π
∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß‰¥â  Õ¬à“ß‰√°Áµ“¡º≈°“√«‘‡§√“–Àå‡æ§µ‘π
®“°‡ª≈◊Õ° â¡¡–ß—Ë«∑’Ë °—¥‰¥â®“° ¿“«–µà“ßÊ „π°“√
∑¥≈Õß¡’ª√‘¡“≥ anhydrogalacturonic acid Õ¬Ÿà„π™à«ß
66.5-91.8 ´÷Ëß‡ªìπ™à«ß∑’Ë “¡“√∂¬Õ¡√—∫‰¥âµ“¡°”Àπ¥¢Õß
The Joint FAO/WHO Expert Committee on Food

Additives (1984) ´÷Ëß°”Àπ¥„Àâ‡æ§µ‘π¡’ª√‘¡“≥
anhydrogalacturonic acid µË” ÿ¥‡ªìπ 65%

„π°“√æ‘®“√≥“‡≈◊Õ° ¿“«–°“√ °—¥‡æ§µ‘π
®“°‡ª≈◊Õ° â¡¡–ß—Ë«∑’Ë‡À¡“– ¡®–æ‘®“√≥“®“°ª√‘¡“≥
‡æ§µ‘π∑’Ë °—¥‰¥â‡ªìπÀ≈—°‚¥¬æ‘®“√≥“√à«¡°—∫§ÿ≥≈—°…≥–∑’Ë
∫àß™’È∂÷ß§ÿ≥¿“æ‡æ§µ‘π∑’Ë °—¥‰¥â¥â«¬§◊Õª√‘¡“≥‡¡∑Õ°´‘≈
·≈–ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å   ®“°°“√∑¥≈Õßæ∫«à“ ‡¡◊ËÕ
ª√‘¡“≥‡æ§µ‘π∑’Ë‰¥â®“°°“√ °—¥ Ÿß  ‡æ§µ‘π∑’Ë °—¥‰¥â¡’
ª√‘¡“≥‡¡∑Õ°´‘≈·≈–ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬åµË”  ¥—ßπ—Èπ
®÷ß„™â·∫∫®”≈Õß¢Õßª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â√à«¡°—∫·∫∫
®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õßª√‘¡“≥‡¡∑Õ°´‘≈·≈–ª√‘¡“≥
πÈ”Àπ—° ¡¡Ÿ≈¬å¡“æ‘®“√≥“‡æ◊ËÕÀ“ ¿“«–∑’Ë¡’§«“¡‡À¡“– ¡
∑’Ë ÿ¥„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«‡æ◊ËÕ„Àâ‰¥âª√‘¡“≥

‡æ§µ‘π∑’Ë °—¥‰¥â Ÿß  „π¢≥–∑’Ë¡’ª√‘¡“≥‡¡∑Õ°´‘≈·≈–
ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬åÕ¬Ÿà„π√–¥—∫∑’Ë¬Õ¡√—∫‰¥â ‚¥¬∑”°“√
·∑π§à“„π·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¥—ß°≈à“«‡æ◊ËÕÀ“ ¿“«–
∑’Ë‡À¡“– ¡‚¥¬„™â‚ª√·°√¡ Microsoft Excel Version

97 æ∫«à“∑’Ë ¿“«–§à“§«“¡‡ªìπ°√¥-¥à“ß‡ªìπ 2 Õÿ≥À¿Ÿ¡‘
100ºC ·≈–‡«≈“ 105 π“∑’ ‡ªìπ ¿“«–∑’Ë¡’§«“¡‡À¡“– ¡
„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë« ‚¥¬‡æ§µ‘π∑’Ë °—¥
‰¥â‡ªìπ‡æ§µ‘π™π‘¥ low methoxyl pectin   ®“°°“√
∑”π“¬®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å‰¥âª√‘¡“≥‡æ§µ‘π
∑’Ë °—¥‰¥â 33% ¢ÕßπÈ”Àπ—°‡ª≈◊Õ°·Àâß·≈–¡’ª√‘¡“≥
‡¡∑Õ°´‘≈ 2.5% ¢Õß‡æ§µ‘π·Àâß ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å
581 ‡π◊ËÕß®“° ¿“«–¥—ß°≈à“«„Àâª√‘¡“≥‡æ§µ‘π∑’Ë Ÿß∑’Ë ÿ¥
„π™à«ß¢Õßª√‘¡“≥‡¡∑Õ° ‘́≈∑’Ë„™â„πÕÿµ “À°√√¡¢Õß
‡æ§µ‘π™π‘¥ low methoxyl pectin (ª√‘¡“≥‡¡∑Õ° ‘́≈
2.5-4.5 % (Kertesz,1951))

„π°“√∑¥ Õ∫§«“¡·¡àπ¬”¢Õß·∫∫®”≈Õß
∑“ß§≥‘µ»“ µ√å‚¥¬ ÿà¡‡≈◊Õ° ¿“«–∑’ËÕ¬Ÿà„π¢Õ∫‡¢µ¢Õß
ªí®®—¬∑’Ë»÷°…“¡“∑”°“√∑¥≈Õß °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡
¡–ß—Ë« (¢π‘…∞“, 2545) æ∫«à“ ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â
ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å ·≈–ª√‘¡“≥‡¡∑Õ°´‘≈¢Õß‡æ§µ‘π
∑’Ë °—¥‰¥â„°≈â‡§’¬ß°—∫∑’Ë∑”π“¬‰¥â®“°·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å   à«πª√‘¡“≥ anhydrogalacturonic acid

¢Õß‡æ§µ‘π∑’Ë °—¥‰¥â·µ°µà“ß°—∫§à“∑’Ë∑”π“¬‰¥â®“°·∫∫
®”≈Õß∑“ß§≥‘µ»“ µ√å∑ÿ° ¿“«–∑’Ë ÿà¡‡≈◊Õ°¡“ ·µàÕ¬à“ß‰√
°Áµ“¡‚¥¬ √ÿª·≈â«∂◊Õ«à“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß
ª√‘¡“≥‡æ§µ‘π∑’Ë °—¥‰¥â  ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å  ·≈–
ª√‘¡“≥‡¡∑Õ°´‘≈ “¡“√∂π”‰ª„™â∑”π“¬∑’Ë¡’§«“¡·¡àπ¬”
∑’Ë‡™◊ËÕ∂◊Õ‰¥â„π™à«ß¢Õß ¿“«–∑’Ë»÷°…“

3. §ÿ≥ ¡∫—µ‘¢Õß‡æ§µ‘π∑’Ë °—¥®“°‡ª≈◊Õ° â¡¡–ß—Ë«

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡æ§µ‘π∑’Ë °—¥‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë«
°—∫‡æ§µ‘π∑“ß°“√§â“‡°√¥ 150 (Table 3) æ∫«à“‡æ§µ‘π
∑—Èß 2 ™π‘¥¡’ª√‘¡“≥‡∂â“‰¡à·µ°µà“ß°—π §«“¡™◊Èπ¢Õß‡æ§µ‘π
∑’Ë °—¥‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë« Ÿß°«à“‡æ§µ‘π∑“ß°“√§â“ ·µà
Õ¬à“ß‰√°Áµ“¡§«“¡™◊Èπ√–¥—∫π’È‰¡à∑”„Àâ‡æ§µ‘π®—∫µ—«‡ªìπ
°âÕπ‡¡◊ËÕ‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -29ºC Õ¬à“ßπâÕ¬‡ªìπ‡«≈“ 1

‡¥◊Õπ  à«π≈—°…≥–¥â“π ’¢Õß‡æ§µ‘π æ∫«à“‡æ§µ‘π∑’Ë °—¥
®“°‡ª≈◊Õ° â¡¡–ß—Ë«®–¡’§«“¡ «à“ß°«à“‡æ§µ‘π∑“ß°“√§â“
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·≈–‡æ§µ‘π∑“ß°“√§â“¡’ ’·¥ß (a) ·≈– ’‡À≈◊Õß (b) ¡“°
°«à“‡æ§µ‘π∑’Ë °—¥®“°‡ª≈◊Õ° â¡¡–ß—Ë« ‡æ§µ‘π∑—Èß Õß¡’§à“
‡¬≈≈’Ë‡°√¥‡∑à“°—π π—Ëπ§◊Õ 150   à«πª√‘¡“≥ anhydro-

galacturonic acid ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å ·≈–ª√‘¡“≥
‡¡∑Õ°´‘≈¢Õß‡æ§µ‘π∑“ß°“√§â“ Ÿß°«à“‡æ§µ‘π∑’Ë °—¥®“°
‡ª≈◊Õ° â¡¡–ß—Ë«  Õ¬à“ß‰√°Áµ“¡‡æ§µ‘π∑“ß°“√§â“¡’ª√‘¡“≥
‡¡∑Õ°´‘≈Õ¬Ÿà„π™à«ß Low methoxyl pectin  ®“°§ÿ≥-
 ¡∫—µ‘¢Õß‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«∑’Ë °—¥‰¥â®–π”‰ª„™â
ª√–‚¬™πå„πÕ“À“√„π¢—ÈπµàÕ‰ª

4. º≈°“√°”Àπ¥·π«∑“ß°“√„™âª√–‚¬™πå¢Õß‡æ§µ‘π∑’Ë

 °—¥‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë«

4.1 °“√„™â‡æ§µ‘π‡ªìπ “√°àÕ„Àâ‡°‘¥≈—°…≥–‡®≈

(gelling agent)

®“° Table 4 ®–‡ÀÁπ«à“ºŸâ∑¥ Õ∫™‘¡„Àâ§–·ππ
§«“¡™Õ∫µàÕ≈—°…≥–¥â“π ’ °≈‘Ëπ —∫ª–√¥ √ À«“π¢Õß
·¬¡∑’Ë„™â‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘
°—∫·¬¡∑’Ë„™â‡æ§µ‘π∑“ß°“√§â“‡°√¥ 150 (p>0.05)  πÕ°
®“°π’È§ÿ≥≈—°…≥–∑“ß°“¬¿“æ¥â“π§«“¡ «à“ß (L*)   ’·¥ß
(a*) ·≈– ’‡À≈◊Õß (b*) ¢Õß·¬¡∑’Ëº≈‘µ‚¥¬„™â‡æ§µ‘π∑’Ë °—¥
‰¥â®“°‡ª≈◊Õ° â¡¡–ß—Ë«·≈–‡æ§µ‘π∑“ß°“√§â“°Á‰¡à·µ°µà“ß
°—π∑“ß ∂‘µ‘ (p>0.05)  ∑—Èßπ’È‡π◊ËÕß®“°¡’°“√„™âª√‘¡“≥

‡æ§µ‘π„πº≈‘µ¿—≥±å·¬¡‡æ’¬ß‡≈Á°πâÕ¬ (1%) ‡∑à“π—Èπ   à«π
≈—°…≥–¢Õß·¬¡¥â“π§«“¡‡À¡“– ¡„π°“√ª“¥ªÑ“¬ ‡π◊ÈÕ
 —¡º—  ·≈–§«“¡™Õ∫√«¡ æ∫«à“ ºŸâ∑¥ Õ∫™‘¡™Õ∫≈—°…≥–
¥â“π§«“¡‡À¡“– ¡„π°“√ª“¥ªÑ“¬ ‡π◊ÈÕ —¡º—  ·≈–§«“¡
™Õ∫√«¡¢Õß·¬¡∑’Ë„™â‡æ§µ‘π∑“ß°“√§â“¡“°°«à“·¬¡∑’Ë„™â
‡æ§µ‘π∑’Ëº≈‘µ®“°‡ª≈◊Õ° â¡¡–ß—Ë«  „π¢≥–∑’Ë‰¡àæ∫§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠¢Õß≈—°…≥–§«“¡§ßµ—«¢Õß‡®≈
®“°§ÿ≥ ¡∫—µ‘¢Õß‡æ§µ‘π∑“ß°“√§â“·≈–‡æ§µ‘π∑’Ë °—¥‰¥â
®“°°“√∑¥≈Õß¡’§à“‡®≈≈’Ë‡°√¥‡ªìπ 150 ·¬¡∑’Ëº≈‘µÕÕ°¡“
¡’≈—°…≥–¢Õß‡®≈∑’Ë„°≈â‡§’¬ß°—π ·≈–«—¥§«“¡§ßµ—«¢Õß‡®≈
‚¥¬„™â‡§√◊ËÕß«—¥§«“¡Àπ◊¥·∫∫ Bostwick consistometer

æ∫«à“µ—«Õ¬à“ß®“°·¬¡∑’Ë∑”¡“®“°‡æ§µ‘π®“°‡ª≈◊Õ° â¡
¡–ß—Ë«‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠°—∫µ—«Õ¬à“ß·¬¡
∑’Ëº≈‘µ®“°‡æ§µ‘π∑“ß°“√§â“  ®–‡ÀÁπ«à“§«“¡™Õ∫¢Õß
ºŸâ∑¥ Õ∫™‘¡µàÕ§ÿ≥≈—°…≥–¥â“π‡π◊ÈÕ —¡º— ¢Õß·¬¡∑’Ë‰¥â
®“°‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«¡’§–·ππµË”°«à“·¬¡∑’Ëº≈‘µ
®“°‡æ§µ‘π∑“ß°“√§â“‡°√¥ 150 ´÷ËßÕ“®®–‡ªìπ§«“¡·µ°
µà“ß‡æ’¬ß‡≈Á°πâÕ¬∑’ËºŸâ∫√‘‚¿§ “¡“√∂√—∫√Ÿâ‰¥â Õ¬à“ß‰√°Áµ“¡
§–·ππ§«“¡™Õ∫√«¡¢Õß·¬¡∑’Ëº≈‘µ®“°‡æ§µ‘π∑’Ë °—¥‰¥â
Õ¬Ÿà∑’Ë 5.4 ∂◊Õ«à“Õ¬Ÿà„π√–¥—∫™Õ∫ª“π°≈“ß (§–·ππ‡µÁ¡ 10)

 à«π·¬¡∑’Ëº≈‘µ®“°‡æ§µ‘π∑“ß°“√§â“¡’§–·ππÕ¬Ÿà∑’Ë 6.6 ́ ÷Ëß
Õ¬Ÿà∑’Ë√–¥—∫„°≈â‡§’¬ß°—π

Table 3. Amount and quality attributes of extracted pectin from Citrus medica
Linn. at the optimized condition (pH 2, 100ºC and 105 min) compared

to a commercial pectin (Grade 150)

Amount
Amount and quality attributes

Extracted pectin Commercial Pectin (G150)

Amount of extracted pectin 33.34% -
Moisture 10.12%a 9.66%b

Ash 1.27%a 0.98%a

Colour (CIELAB)   L* 76.8a 68.03b

                                a* 1.01b 13.76a

                                b* 13.64b 15.61a

Gelling Grade 150a 150a

Anhydrogalacturonic acid 72.31%b 78.16%a

Equivalent weight 594.32b 659.85a

Methoxyl Content 2.65%b 4.2%a

The superscript of same letter in row showed no significant difference (p>0.05)
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4.2 °“√„™â‡ªìπ “√‡ √‘¡§«“¡§ßµ—« (stabilising

agent) „ππ¡æ“ ‡®Õ‰√´å√ ™Õ§‚°·≈µ

π¡™Õµ‚°·≈µ∑’Ë„™â‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«
∑’Ë√–¥—∫ 0.06% ·≈– 0.1% ¡’§«“¡Àπ◊¥µË”°«à“π¡™Õ§-
‚°·≈µ∑’Ë„™â·§ªª“§“√“®’·ππ (0.06%) ‡ªìπ “√‡ √‘¡
§«“¡§ßµ—« ·≈–π¡™Õ§‚°·≈µ∑’Ë„™â‡æ§µ‘π∑’Ë√–¥—∫ 0.2%

¡’§«“¡Àπ◊¥‰¡àµà“ß°—∫π¡™Õ§‚°·≈µ∑’Ë„™â·§ªª“§“√“®’·ππ
‡ªìπ “√‡ √‘¡§«“¡§ßµ—« ‡¡◊ËÕ‡°Á∫π¡™Õ§‚°·≈µ„π ¿“«–
·™à‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 10ºC ‡ªìπ‡«≈“ 7 «—π æ∫«à“§«“¡Àπ◊¥
¢Õßπ¡‰¡à‡ª≈’Ë¬π·ª≈ßÀ√◊Õ‡ª≈’Ë¬π·ª≈ß‡æ’¬ß‡≈Á°πâÕ¬ ·≈–
‡¡◊ËÕ —ß‡°µ°“√µ°µ–°ÕπÀ≈—ß®“°µ—Èß∑‘Èß‰«â 7 «—π„πµŸâ‡¬Áπ
Õÿ≥À¿Ÿ¡‘ 10ºC æ∫«à“π¡™Õ§‚°·≈µ∑’Ë‰¡à„™â “√‡ √‘¡§«“¡
§ßµ—«  π¡™Õ§‚°·≈µ„™â‡æ§µ‘π‡ªìπ “√‡ √‘¡§«“¡§ßµ—«∑’Ë
√–¥—∫ 0.06% ·≈– 0.1% ¡’ºß™Õ§‚°·≈µ∑’Ëµ°µ–°ÕπÕ¬Ÿà
¥â“π≈à“ß¿“™π–Õ¬à“ß‡ÀÁπ‰¥â™—¥‡®πµ“¡≈”¥—∫   à«ππ¡
™Õ§‚°·≈µ∑’Ë„™â·§ªª“§“√“®’·ππ 0.06%  ·≈–‡æ§µ‘π
0.2%  ‡¡◊ËÕµ—Èß∑‘Èß‰«â 1 «—π  ‰¡àæ∫°“√µ°µ–°Õπ¢Õßºß
™Õ§‚°·≈µ  ·≈–‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥°“√µ°
µ–°Õπ¢Õßºß™Õ§‚°·≈µ‡¡◊ËÕµ—Èß∑‘Èß‰«â®π§√∫ 7 «—π  ´÷Ëß
 Õ¥§≈âÕß°—∫§à“§«“¡Àπ◊¥∑’Ë‰¡à‡ª≈’Ë¬π·ª≈ß∑“ß ∂‘µ‘
(p>0.05)  ®“°º≈°“√∑¥≈Õß®–‡ÀÁπ«à“ µâÕß„™â‡æ§µ‘π∑’Ë

 °—¥‰¥â„πª√‘¡“≥ 0.2% ®÷ß®–¡’º≈„Àâºß™Õ§‚°·≈µ¡’§«“¡
§ßµ—«·¢«π≈Õ¬„πº≈‘µ¿—≥±åπ¡‡∑’¬∫‡∑à“°—∫π¡™Õ§‚°·≈µ
∑’Ë„™â·§ªª“§“√“®’·ππ (0.06%) ‡ªìπ “√‡ √‘¡§«“¡§ßµ—«
¥—ßπ—Èπ∑’Ë√–¥—∫ª√– ‘∑∏‘¿“æ„π°“√ªÑÕß°—π°“√µ°µ–°Õπ
¢Õßºß™Õ§‚°·≈µ„ππ¡æ“ ‡®Õ‰√ ǻ∑’Ë‡∑à“°—πµâÕß„™â‡æ§µ‘π
∑’Ë °—¥‰¥â®“° â¡¡–ß—Ë«¡“°°«à“·§ªª“§“√“®’·ππ∂÷ß 3 ‡∑à“

 √ÿªº≈°“√∑¥≈Õß

ªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕª√‘¡“≥·≈–§ÿ≥¿“æ¢Õß
‡æ§µ‘π§◊Õ pH Õÿ≥À¿Ÿ¡‘ ·≈–‡«≈“  ‡¡◊ËÕπ”ªí®®—¬¥—ß°≈à“«
¡“À“ ¿“«–∑’Ë‡À¡“– ¡ “¡“√∂ √â“ß·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√åÕ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥‡æ§µ‘π∑’Ë
 °—¥‰¥â  ª√‘¡“≥πÈ”Àπ—° ¡¡Ÿ≈¬å  ª√‘¡“≥‡¡∑Õ°´‘≈  ·≈–
ª√‘¡“≥ anhydrogalacturonic acid °—∫ªí®®—¬∑’Ë»÷°…“ ·≈–
‰¥â ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥‡æ§µ‘π®“°‡ª≈◊Õ° â¡¡–ß—Ë«
§◊Õ∑’Ë pH 2 Õÿ≥À¿Ÿ¡‘ 100ºC ·≈–‡«≈“ 105 π“∑’  ‡æ§µ‘π
∑’Ë °—¥®“° ¿“«–¥—ß°≈à“«‡¡◊ËÕπ”‰ª„™â‡ªìπ “√°àÕ„Àâ‡°‘¥
≈—°…≥–‡®≈„π·¬¡ —∫ª–√¥æ∫«à“„Àâ≈—°…≥–¢Õß·¬¡∑’Ë‰¡à
·µ°µà“ß∑“ß ∂‘µ‘°—∫·¬¡∑’Ëº≈‘µ∑“ß°“√§â“‡°√¥ 150 (p>

0.05) ·≈–‡¡◊ËÕπ”‡æ§µ‘π∑’Ë °—¥‰¥â‰ª„™â‡ªìπ “√‡ √‘¡§«“¡

Table 4. Sensory evaluation and physical measurement of pineapple jam

using the extracted pectin compared to a commercial pectin  (G150)

       sensory score 1/

Sensory Evaluation
Pineapple jam Pineapple jam

(extracted pectin) (commercial pectin, G150 )

Color 5.8a 6.0a

flavour 5.4a 5.9a

Sweetness 5.3a 5.9a

Spreadability 4.4b 5.4a

Texture 5.0b 5.9a

Overall Liking 5.4b 6.6a

physical measurement 2/                                             Reading
CIELAB L* 44.2a 42.0a

a* 35.1a 39.0a

b* 24.2a 21.5a

Gel consistency (cm/30s) 9.52a 9.45a

The superscript of same letter in row showed no significant difference (p>0.05)
1/Using hedonic line scale, 60 panelists
2/Using Ultrascan and Bostwick consistometer
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