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∫∑§—¥¬àÕ

‚ª√μ’π„π¬“ßæ“√“¡—°°àÕ„Àâ‡°‘¥Õ“°“√·æâ„πºŸâ„™âß“π®÷ß¡’§«“¡®”‡ªìπ„π°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥
‚ª√μ’π„ππÈ”¬“ß¢âπ °“√«‘‡§√“–Àå¥â«¬‡∑§π‘§‚¡¥‘ø“¬¥å≈“«√’‡ªìπ‡∑§π‘§∑’Ëπ‘¬¡„™â„π°“√À“ª√‘¡“≥‚ª√μ’π„π
μ—«Õ¬à“ß „πß“π«‘®—¬π’È‚ª√μ’π∑’Ë≈–≈“¬‰¥â®“°πÈ”¬“ß¢âπ∂Ÿ° °—¥¥â«¬ “√≈–≈“¬øÕ ‡øμ∫—ø‡øÕ√å´“≈’π‡¢â¡¢âπ
2.5 ‡∑à“¥â«¬‡§√◊ËÕß‰¡‚§√‡«ø„π§√—«‡√◊Õπ∑’Ë°”≈—ß‰øøÑ“ 560 «—μμå ‡ªìπ‡«≈“ 60 π“∑’ À≈—ß®“°π—Èππ”
 “√≈–≈“¬‚ª√μ’π∑’Ë °—¥‰¥â∑”ªØ‘°‘√‘¬“°—∫ “√≈–≈“¬∑Õß·¥ß(II)  “√≈–≈“¬øÕ≈‘π-´‘‚Õ·§≈μŸ√’‡Õ‡®πμå
‚¥¬¡’ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπμ‘‚¡π’∑“√å‡∑√μ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“ ‡°‘¥ “√‡™‘ß´âÕπ ’πÈ”‡ß‘π·≈–μ√«®«—¥∑’Ë
§«“¡¬“«§≈◊Ëπ 746 π“‚π‡¡μ√‰¥â„π™à«ß§«“¡‡¢â¡¢âπ 0.05-100 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ‚¥¬¡’¢’¥®”°—¥°“√
μ√«®«—¥‡∑à“°—∫ 0.05 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√ ¢’¥®”°—¥°“√«—¥‡™‘ßª√‘¡“≥‡∑à“°—∫ 0.16 ‰¡‚§√°√—¡μàÕ¡‘≈≈‘≈‘μ√
´÷Ëß‡∑§π‘§π’È “¡“√∂π”¡“ª√–¬ÿ°μå„™â«‘‡§√“–Àå„πμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–º≈‘μ¿—≥±å‰¥â
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The Determination of Water Soluble Protein from
Natural Rubber Latex and Products by

the Rapid Modified Lowry Method

Sairoong Ouypornkochagorn* and Khuanjit Hemavibool

ABSTRACT

Proteins in the natural rubber latex generally lead to allergic reaction in sensitive
users. The determination of protein content in condensed rubber latex is crucial. The modified
Lowry method was selected to determination of protein content in the samples. The soluble
protein from latex was extracted with 2.5X phosphate buffer saline by a household microwave
machine at 560 W for 60 minutes. Then these solutions were reacted with copper(II),
Follin-Ciocalteuûs reagent and potassium antimony tartrate as a catalyst. A blue complex was
generated and detected at 746 nm. The dynamic range was 0-100 microgram/milliliter, the limit
of detection was 0.05 microgram/milliliter, and the limit of quantification was 0.16 microgram/
milliliter. This effective method can be applied for the determination of proteins in condensed
rubber and its products.
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∫∑π”
º≈‘μ¿—≥±å®“°¬“ß∏√√¡™“μ‘ ‰¥â·°à ≈Ÿ°‚ªÉß ∂ÿß¡◊Õ ∂ÿß¬“ßÕπ“¡—¬¡’°“√„™â·æ√àÀ≈“¬∑—Ë«‚≈° ´÷Ëß

º≈‘μ¿—≥±å‡À≈à“π’È¡’¢âÕ¥âÕ¬‡π◊ËÕß®“°¡’ºŸâ„™âß“π∫“ß°≈ÿà¡‡°‘¥Õ“°“√·æâ‚ª√μ’π∑’ËÕ¬Ÿà„π¬“ßæ“√“ [1-3] ¥—ßπ—Èπ
®÷ß¡’§«“¡æ¬“¬“¡„π°“√ °—¥·≈–«‘‡§√“–ÀåÀ“ª√‘¡“≥‚ª√μ’π„ππÈ”¬“ß¢âπ·≈–º≈‘μ¿—≥±å®“°¬“ßæ“√“ ·≈â«
«‘‡§√“–Àå¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’∑’Ë§«“¡¬“«§≈◊Ëπ 745 π“‚π‡¡μ√ ‚¥¬ “√≈–≈“¬øÕ≈‘π∑”ªØ‘°‘√‘¬“°—∫æ—π∏–
‡ªª‰∑¥å®“°‚ª√μ’π‡°‘¥ “√‡™‘ß´âÕπ ’πÈ”‡ß‘π‡¢â¡ [4, 5] πÕ°®“°π’È¬—ßæ∫«à“¡’°“√‡μ‘¡ “√≈–≈“¬
‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ (K(SbO)C4H4O6) ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“„π°“√‡°‘¥ªØ‘°‘√‘¬“øÕ øÕ‚¡≈‘∫-
‡¥∑‚¥¬‰¡àμâÕß¡’°“√„Àâ§«“¡√âÕπ [6-8] ·≈–¡’ß“π«‘®—¬À≈“¬ß“π«‘®—¬»÷°…“°“√ °—¥À“ª√‘¡“≥‚ª√μ’π∑’Ë≈–≈“¬πÈ”
‡™àπ °“√ °—¥‚ª√μ’π™π‘¥ Hev b1 ·≈– Hev b3 ®“°πÈ”¬“ß ¥¥â«¬ “√≈–≈“¬º ¡√–À«à“ß ‰∑√∑—π
‡ÕÁ°´å-100 (TritonX-100) 0.1% ·≈–‚´‡¥’¬¡‚¥‡¥ ‘́≈´—≈‡øμÀ√◊Õ‡Õ ¥’‡Õ  (Sodium dodecyl sulfate,
SDS) 1% ·≈â«∑”°“√ªíòπ‡À«’Ë¬ß¥â«¬§«“¡‡√Á« 60,000 xg ∑’ËÕÿ≥À¿Ÿ¡‘ 4°C ‡ªìπ‡«≈“ 45 π“∑’ „π¢≥–∑’Ë
Hev b2  “¡“√∂ °—¥‰¥â¥â«¬ “√≈–≈“¬º ¡√–À«à“ß Tris-HCl pH 7.4 50 ¡‘≈≈‘‚¡≈“√å ·≈–‰∑∑—π
‡ÕÁ°´å-100 (TritonX-100) 0.2% πÕ°®“°π’È¬—ßæ∫«à“ Hev b1  “¡“√∂ °—¥‰¥â¥â«¬ “√≈–≈“¬∫—ø‡øÕ√å
øÕ ‡øμ (PBS) pH 1N4 [9] „π¢≥–∑’Ëμ—Èß∫√‘∫Ÿ√≥å·≈–§≥–æ∫«à“ ‚ª√μ’π “¡“√∂ °—¥‰¥â¥â«¬ CaCl2
·≈– ‚´‡¥’¬¡‚¥‡¥´‘≈´—≈‡øμ (SDS) ∑’Ë 25 ± 5°C ‡ªìπ‡«≈“ 120 π“∑’ ·≈â«®÷ßπ”‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥
¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’ [10] „π¢≥–∑’Ë¥à“π«“π‘™°ÿ≈‡≈◊Õ°„™â‚æ≈’‡Õ∑‘≈’π‰°≈§Õ≈„π°“√ °—¥‚ª√μ’π®“°À“ß
πÈ”¬“ß¥â«¬§«“¡‡√Á«μË”„π‡«≈“ 30 π“∑’ [11]  à«π«‘∏’¡“μ√∞“π ”À√—∫°“√«‘‡§√“–Àå‚ª√μ’π∑’Ë≈–≈“¬πÈ”„π
πÈ”¬“ß·≈–º≈‘μ¿—≥±å®“°πÈ”¬“ß¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’ (ASTM D5712-10) ∑”°“√ °—¥‚ª√μ’π®“°
º≈‘μ¿—≥±å®“°¬“ßæ“√“¥â«¬ “√≈–≈“¬øÕ ‡øμ∫—ø‡øÕ√å´“≈’π (æ’∫’‡Õ , PBS) ´÷Ëßæ∫«à“„™â‡«≈“ 120 π“∑’
 ”À√—∫°“√ °—¥·≈–„™â‡«≈“Õ¬à“ßπâÕ¬ 45 π“∑’ ”À√—∫°“√‡°‘¥ “√‡™‘ß´âÕπ ’πÈ”‡ß‘π‡¢â¡ ”À√—∫°“√«—¥¥â«¬
‡∑§π‘§‚¡¥‘ø“¬¥å≈“«√’ [4] ´÷Ëß§≥–ºŸâ«‘®—¬‰¥â∑”°“√»÷°…“„πß“π∑’Ëºà“π¡“ æ∫«à“ ‚ª√μ’π “¡“√∂ °—¥‰¥â¥â«¬
 “√≈–≈“¬ PBS ‚¥¬¡’‡§√◊ËÕß‰¡‚§√‡«ø„π§√—«‡√◊Õπ™à«¬ [12] ´÷Ëßæ∫«à“ ‚ª√μ’π®“°πÈ”¬“ß¢âπ “¡“√∂ °—¥
ÕÕ°¡“¿“¬„π‡«≈“ 60 π“∑’ ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ßμâÕß°“√æ—≤π“«‘∏’«‘‡§√“–Àå‚ª√μ’π¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’
„Àâ¡’§«“¡√«¥‡√Á« ‚¥¬°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ (K(SbO)C4H4O6) ‡ªìπμ—«‡√àß
ªØ‘°‘√‘¬“ ·≈â«π”¡“ª√–¬ÿ°μå„™â°—∫ “√μ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å
‡§√◊ËÕß¡◊Õ∑’Ë„™âª√–°Õ∫¥â«¬ ‡§√◊ËÕß™—Ëß 4 μ”·Àπàß (Sartorius √ÿàπ BSA224S-CW) ‡§√◊ËÕß«—¥

§à“°“√¥Ÿ¥°≈◊π· ß™π‘¥≈”· ß§Ÿà (Jusco √ÿàπ V-650) ‡§√◊ËÕß‰¡‚§√‡«ø§√—«‡√◊Õπ (Sharp √ÿàπ R-687P) ‡§√◊ËÕß
º ¡ “√ (Ika) ‡§√◊ËÕßªíò—Ëπ‡À«’Ë¬ß (Hermle √ÿàπ Z206A) ‡ªìπμâπ
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«‘∏’°“√∑¥≈Õß
°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫°“√«‘‡§√“–Àå‚ª√μ’π∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’-
∑“√å‡∑√μ

ªî‡ªμ “√≈–≈“¬¡“μ√∞“π‚ª√μ’π‚∫«’π‡´√—Ë¡Õ—≈∫Ÿ¡‘π (BSA) 100 μg/mL ®”π«π 1.2 mL „ à
„πÀ≈Õ¥∑¥≈Õß ®“°π—Èπ‡μ‘¡ “√≈–≈“¬μà“ßÊ ¥—ßμàÕ‰ªπ’È Na2CO3 0.21 mol/L, NaOH 0.11 mol/L,
Na2C4H4O6 8 mmol/L ·≈– K(SbO)C4H4O6 0.8 mmol/L ·≈– CuSO4 2 mmol/L ·≈â«®÷ßª√—∫
ª√‘¡“μ√·μà≈–À≈Õ¥∑¥≈Õß‡ªìπ 2.2 mL ¥â«¬πÈ”°≈—Ëπ º ¡„Àâ‡¢â“°—π‚¥¬„™â‡§√◊ËÕßº ¡ “√ ·≈â«μ—Èß∑‘Èß‰«â 15
π“∑’‡æ◊ËÕ„Àâ‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√ÁμÕ¬à“ß ¡∫Ÿ√≥å ®“°π—Èπ‡μ‘¡ “√≈–≈“¬øÕ≈‘π-´‘‚Õ·§≈μŸ 12% v/v ‡¢¬à“„Àâ
‡¢â“°—π‚¥¬„™â‡§√◊ËÕßº ¡ “√ ·≈â«μ—Èß∑‘Èß‰«â 30 π“∑’ ”À√—∫°“√‡°‘¥ªØ‘°‘√‘¬“≈“«√’Õ¬à“ß ¡∫Ÿ√≥å ·≈â«π”
 “√≈–≈“¬¡“μ√∞“π BSA ¡“«—¥§à“°“√¥Ÿ¥°≈◊π· ß„π™à«ß 400-800 nm ¥â«¬‡§√◊ËÕß UV-VIS spectro-
photometer ‡æ◊ËÕÀ“§«“¡¬“«§≈◊Ëπ∑’Ë “√≈–≈“¬¡“μ√∞“π BSA ¥Ÿ¥°≈◊π· ß Ÿß ÿ¥ ‚¥¬∑”°“√‡ª√’¬∫
‡∑’¬∫°—∫«‘∏’¡“μ√∞“π ASTM-D5712-10 [4] (‰¡à¡’°“√‡μ‘¡ “√≈–≈“¬ K(SbO)C4H4O6) ‚¥¬∑”°“√
ªî‡ªμ “√≈–≈“¬¡“μ√∞“π‚ª√μ’π‚∫«’π‡´√—Ë¡Õ—≈∫Ÿ¡‘π (BSA) 100 μg/mL „ à„πÀ≈Õ¥∑¥≈Õß ·≈â«‡μ‘¡
 “√≈–≈“¬ Na2CO3, NaOH, Na2C4H4O6 ·≈– CuSO4 §«“¡‡¢â¡¢âπ‡¥’¬«°—∫°“√‡μ‘¡ “√≈–≈“¬
K(SbO)C4H4O6 ·≈â«μ—Èß∑‘Èß‰«â 15 π“∑’ ®“°π—Èπ‡μ‘¡ “√≈–≈“¬øÕ≈‘π-´‘‚Õ·§≈μŸ 12% v/v ‡¢¬à“„Àâ‡¢â“°—π
‚¥¬„™â‡§√◊ËÕßº ¡ “√ ·≈â«μ—Èß∑‘Èß‰«â 30 π“∑’·≈â«π”‰ª«—¥°“√¥Ÿ¥°≈◊π· ß„π™à«ß‡¥’¬«°—∫«‘∏’∑’Ë¡’°“√‡μ‘¡ “√
≈–≈“¬‚æ·∑ ‡ ’́¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μÀ≈—ß®“°π—Èπ»÷°…“À“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß “√≈–≈“¬μà“ßÊ ·≈–
À“√–¬–‡«≈“∑’Ë‡À¡“– ¡„π°“√∑”ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ·≈–ªØ‘°‘√‘¬“≈“«√’ ”À√—∫°“√»÷°…“À“ª√‘¡“≥‚ª√μ’π¥â«¬
‡∑§π‘§‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡ ’́¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ ·≈â« √â“ß°√“ø¡“μ√∞“π
·≈–¢’¥®”°—¥°“√μ√«®«—¥ (L.O.D.) ·≈–¢’¥®”°—¥À“ª√‘¡“≥ (L.O.Q.) ¥â«¬ ¡°“√ L.O.D. = 3Sa/b ·≈–
L.O.Q. = 10Sa/b ‡¡◊ËÕ Sa §◊Õ à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π¢Õß —≠≠“≥∑’Ë«—¥‰¥â ·≈– b §◊Õ §«“¡™—π¢Õß°√“ø
¡“μ√∞“π [13]

°“√«‘‡§√“–Àåª√‘¡“≥‚ª√μ’π®“°μ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“
μ—¥μ—«Õ¬à“ß∂ÿß¡◊Õ¬“ßæ“√“„Àâ¡’¢π“¥ª√–¡“≥ 4-6 ¡¡. ·≈â«≈â“ß·ªÑßÕÕ°¥â«πÈ”°≈—Ëπ ®“°π—Èπ∑‘Èß

‰«â„Àâ·Àâß ·≈â«™—Ëßμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“¡“ 0.5 g ¥â«¬‡§√◊ËÕß™—Ëß≈–‡Õ’¬¥ 4 μ”·Àπàß „ à≈ß
„πÀ≈Õ¥‡´πμ‘øî« åæ≈“ μ‘°¢π“¥ 50 mL ®“°π—Èπ‡μ‘¡ “√≈–≈“¬ PBS 2.5 ‡∑à“ ®”π«π 5 mL ·≈â«π”‰ª
„ à„π°≈àÕß¡’Ω“ªî¥∑’Ë¡’πÈ”∫√√®ÿÕ¬Ÿà π”‡¢â“‡§√◊ËÕß‰¡‚§√‡«ø„π§√—«‡√◊Õπ¥â«¬°”≈—ß‰øøÑ“ 560 W ‡ªìπ‡«≈“ 20
π“∑’ ·≈â«μ—Èß∑‘Èß‰«â„Àâ‡¬Áπ ∑”°“√·¬°πÈ”‡´√—Ë¡ÕÕ°®“°‡π◊ÈÕ¬“ß

 ”À√—∫°“√«‘‡§√“–Àå¥â«¬°“√μ°μ–°Õπ∑”‚¥¬ªî‡ªμπÈ”‡´√—Ë¡∑’Ë °—¥‰¥â®“°μ—«Õ¬à“ß∂ÿß¡◊Õ¬“ßæ“√“
·≈–πÈ”¬“ß¢âπ ®”π«π 2 mL „ à≈ß„πÀ≈Õ¥‡´πμ‘øî« åæ≈“ μ‘°¢π“¥ 50 mL ‡μ‘¡ “√≈–≈“¬¥’ÕÕ°´’§Õ-
‡≈∑ (DOC) ®”π«π 200 μL ·≈–‡μ‘¡ “√≈–≈“¬º ¡°√¥‰μ√§≈Õ‚√Õ– ‘́μ‘° (TCA) °—∫ “√≈–≈“¬°√¥
øÕ øÕ∑—ß μ‘° (PTA) (1:1) ª√‘¡“μ√ 400 μL ‡æ◊ËÕμ°μ–°Õπ‚ª√μ’π ·≈â«π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 3500
rpm ‡ªìπ‡«≈“ 20 π“∑’ ≈–≈“¬μ–°Õπ¢Õß‚ª√μ’π¥â«¬ NaOH ª√‘¡“μ√ 4 mL ·≈â«π”‰ª«‘‡§√“–ÀåÀ“
ª√‘¡“≥‚ª√μ’π∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ¥â«¬«‘∏’°√“ø¡“μ√∞“π·≈–°“√‡μ‘¡
 “√¡“μ√∞“π
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º≈°“√∑¥≈Õß
°“√»÷°…“§«“¡¬“«§≈◊Ëπ∑’Ë‡À¡“– ¡ ”À√—∫°“√«‘‡§√“–Àå‚ª√μ’π∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡ ’́¬¡
·Õπ∑‘‚¡π’∑“√å‡∑√μ

π” “√≈–≈“¬¡“μ√∞“π BSA 100 μg/mL º ¡°—∫ “√≈–≈“¬‚¡¥‘ø“¬¥å≈“«√’∑—Èß∑’Ë¡’·≈–‰¡à¡’
°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ (K(SbO)C4H4O6) ·≈â«μ—Èß∑‘Èß‰«â 15 π“∑’ ®“°π—Èπ‡μ‘¡
 “√≈–≈“¬øÕ≈‘π-´‘‚Õ·§≈μŸ 50%v/v μ—Èß∑‘Èß‰«â 30 π“∑’ (μ“¡«‘∏’¡“μ√∞“π ASTM D5712-10) [4]
·≈â«π”¡“«—¥§à“°“√¥Ÿ¥°≈◊π· ß„π™à«ß 400-800 nm ‰¥âº≈¥—ß√Ÿª∑’Ë 1 ´÷Ëßæ∫«à“ °“√‡μ‘¡ “√≈–≈“¬
K(SbO)C4H4 O6  “¡“√∂‡√àß°“√‡°‘¥ ’„Àâ‡°‘¥‡√Á«¢÷Èπ·≈–¡’§à“°“√¥Ÿ¥°≈◊π· ß¢Õß “√≈–≈“¬‚ª√μ’π‡æ‘Ë¡¢÷Èπ
‡π◊ËÕß®“°·Õπ∑‘‚¡π’∑“√å‡∑√μ‡°‘¥ªØ‘°‘√‘¬“°—∫ “√≈–≈“¬‚¡≈‘∫¥’π—¡∫≈Ÿ‡°‘¥‚¡≈‘∫‚¥·Õπ∑‘‚¡π‘≈øÕ ‡øμ
(PSb2Mo10O40)

3- [14] ´÷Ëß∑”„ÀâªØ‘°‘√‘¬“°“√‡°‘¥ “√‡™‘ß´âÕπ‡√Á«¢÷Èπ ·≈â«®÷ß‡°‘¥ “√‡™‘ß´âÕπ°—∫‚ª√μ’π
[15] ‚¥¬¡’°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥∑’Ë§«“¡¬“«§≈◊Ëπ 746 nm ‡™àπ‡¥’¬«°—∫ “√≈–≈“¬‚ª√μ’π∑’Ë‰¡à¡’·Õπ∑‘‚¡π’-
∑“√å‡∑√μ

√Ÿª∑’Ë 1 °“√¥Ÿ¥°≈◊π· ß¢Õß “√≈–≈“¬¡“μ√∞“π BSA 100 μg/mL ¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’ ‡¡◊ËÕ‰¡à¡’°“√
‡μ‘¡ “√≈–≈“¬ K(SbO)C4H4O6 (‡ âπª√–) ·≈–‡μ‘¡ “√≈–≈“¬ K(SbO)C4H4O6 (‡ âπ∑÷∫)

°“√»÷°…“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß “√≈–≈“¬‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡
·Õπ∑‘‚¡π’∑“√å‡∑√μ

‡¡◊ËÕπ” “√≈–≈“¬¡“μ√∞“π BSA 100 μg/mL º ¡°—∫ “√≈–≈“¬‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡
 “√≈–≈“¬ K(SbO)C4H4O6 ‚¥¬∑”°“√»÷°…“§«“¡‡¢â¡¢âπ¢Õß Na2CO3 NaOH Na2C4H4O6

K(SbO)C4H4O6 ·≈– CuSO4 ́ ÷Ëß‡ªìπ¢—ÈπμÕπ°“√‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ ·≈–‡μ‘¡ “√≈–≈“¬øÕ≈‘π- ‘́‚Õ·§≈μŸ
‰¥âº≈¥—ß√Ÿª∑’Ë 2 √«¡∑—Èß»÷°…“√–¬–‡«≈“∑’Ë„™â„π‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ·≈–≈“«√’ ·≈â«π”¡“«—¥§à“°“√¥Ÿ¥°≈◊π
· ß∑’Ë§«“¡¬“«§≈◊Ëπ 746 nm ‰¥âº≈¥—ß√Ÿª∑’Ë 3 ®“°√Ÿª∑’Ë 2(°) æ∫«à“ §«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß Na2CO3
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„π “√≈–≈“¬‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡·Õπ∑‘‚¡π’∑“√å‡∑√μ §◊Õ 0.160 mol/L ®“°√Ÿª∑’Ë 2(¢) æ∫«à“
NaOH ¡’º≈μàÕ ¿“æ¢Õß “√‡™‘ß´âÕπ‚ª√μ’π∑’Ë‡°‘¥¢÷Èπ ‚¥¬‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß NaOH ¡“°¢÷Èπ “√
‡™‘ß´âÕπ∑’Ë‡°‘¥¢÷Èπ®–‡°‘¥μ–°Õπ¢Õß Sb(OH)3 [16] À√◊Õ‚ª√μ’π‡°‘¥°“√‡ ’¬ ¿“æ„π ¿“«–‡∫  ∑”„Àâ
‚ª√μ’πμ°μ–°Õπ≈ß¡“ [16] ¥—ßπ—Èπ§«“¡‡¢â¡¢âπ¢Õß NaOH ∑’Ë‡À¡“– ¡ §◊Õ 0.11 mol/L ·≈–®“°
√Ÿª∑’Ë 2(§) æ∫«à“§«“¡‡¢â¡¢âπ¢Õß∑“√å‡∑√μ‰¡à¡’º≈μàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß°“√¥Ÿ¥°≈◊π· ß¢Õß‚ª√μ’π BSA
¥—ßπ—Èπ®÷ß‡≈◊Õ°§«“¡‡¢â¡¢âπμ“¡«‘∏’¡“μ√∞“π §◊Õ 8 mmol/L  à«π√Ÿª∑’Ë 2(ß) æ∫«à“ ∂â“‡μ‘¡ K(SbO)C4H4O6

¡“°‡°‘π‰ª  “√μ—«Õ¬à“ß®–¢ÿàπ®“°°“√μ°μ–°Õπ¢Õß Sb „π√Ÿª¢Õß Sb(OH)3 [16] ¥—ßπ—Èπ§«“¡‡¢â¡¢âπ
∑’Ë‡À¡“– ¡¢Õß K(SbO)C4H4O6 §◊Õ 0.6 mmol/L  à«π√Ÿª∑’Ë 2(®) æ∫«à“ §«“¡‡¢â¡¢âπ¢Õß CuSO4

∑’Ë‡À¡“– ¡ §◊Õ 1.0 mmol/L ‚¥¬æ∫«à“ °“√‡μ‘¡ “√≈–≈“¬ CuSO4 ≈ß‰ª¡“°‡°‘π‰ª (§«“¡‡¢â¡¢âπ¡“°°«à“
3.5 mmol/L) ®–‡°‘¥°“√μ°μ–°Õπ¢Õß Cu(OH)2 ·≈–‡¡◊ËÕæ‘®“√≥“√–¬–‡«≈“∑—Èß„π¢—ÈπμÕπ°“√‡°‘¥ “√
‡™‘ß´âÕπ„πªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ·≈–ªØ‘°‘√‘¬“≈“«√’ æ∫«à“ „π√Ÿª∑’Ë 3(°) °“√‡μ‘¡ K(SbO)C4H4O6 ∑”„Àâ‡°‘¥
ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ∑—π∑’ ªØ‘°‘√‘¬“‡°‘¥‰¥âÕ¬à“ß√«¥‡√Á«μ—Èß·μà‡√‘Ë¡»÷°…“ ´÷Ëß√«¥‡√Á«°«à“«‘∏’¡“μ√∞“π ASTM
D5712-10 [4] ÷́ËßμâÕßμ—Èß„Àâ‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ ¡∫Ÿ√≥å‡ªìπ‡«≈“ 15 π“∑’ ¥—ßπ—Èπ°“√‡μ‘¡ “√≈–≈“¬
·Õπ∑‘‚¡π’∑“√å‡∑√μ„π°“√∑¥≈Õßπ’È∑”„Àâ‚ª√μ’π‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ‰¥â√«¥‡√Á«¢÷Èπ „π¢≥–∑’Ë√Ÿª∑’Ë 3(¢) æ∫
‡™àπ°—π«à“ °“√‡μ‘¡ K(SbO)C4H4O6 ∑”„ÀâªØ‘°‘√‘¬“≈“«√’‡°‘¥‰¥â√«¥‡√Á«¢÷Èπ ·≈–°“√¥Ÿ¥°≈◊π‡√‘Ë¡§ß∑’ËÀ≈—ß®“°
μ—Èß∑‘Èß‰«â 15 π“∑’ „π¢≥–∑’Ë«◊∏’¡“μ√∞“π°“√¥Ÿ¥°≈◊π· ß®–‡√‘Ë¡§ß∑’ËÀ≈—ß®“°μ—Èß∑‘Èß‰«âÕ¬à“ßπâÕ¬ 30 π“∑’
¥—ßπ—Èπ°“√∑”ªØ‘°‘√‘¬“¢Õß‚ª√μ’π°—∫ “√≈–≈“¬‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬·Õπ∑‘‚¡π’∑“√å‡∑√μ®÷ß
„™â‡«≈“„π°“√∑”ªØ‘°‘√‘¬“∑—Èß ‘Èπ 15 π“∑’ „π¢≥–∑’Ë«‘∏’¡“μ√∞“π ASTM D5712-10 „™â‡«≈“∑”ªØ‘°‘√‘¬“
∑—Èß ‘Èπ 45 π“∑’
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√Ÿª∑’Ë 2 Õ‘∑∏‘æ≈¢Õß§«“¡‡¢â¡¢âπ¢Õß (°) Na2CO3 (¢) NaOH (§) Na2C4H4O6 (ß) K(SbO)C4H4O6

·≈– (®) CuSO4 ∑’Ë¡’μàÕ°“√¥Ÿ¥°≈◊π· ß¢Õß “√≈–≈“¬¡“μ√∞“π BSA 100 μg/mL ¥â«¬«‘∏’
‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ (n=3)
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√Ÿª∑’Ë 3 √–¬–‡«≈“∑’Ë¡’º≈μàÕ°“√¥Ÿ¥°≈◊π· ß¢Õß “√≈–≈“¬¡“μ√∞“π BSA 100 μg/mL ¥â«¬«‘∏’
‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ ‚¥¬ (°) √–¬–‡«≈“°“√
‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ ·≈â«°”Àπ¥√–¬–‡«≈“„π°“√‡°‘¥ªØ‘°‘√‘¬“≈“«√’‡∑à“°—∫ 30 π“∑’·≈– (¢) √–¬–
‡«≈“°“√‡°‘¥ªØ‘°‘√‘¬“≈“«√’ (n=3) ‚¥¬‡ âπ∑÷∫§◊Õ °“√»÷°…“μ“¡«‘∏’ ASTM D5712-
10+K(SbO)C4H4O6 ·≈–‡ âπª√–§◊Õ°“√»÷°…“μ“¡«‘∏’ ASTM D5712-10 ÷́Ëß°”Àπ¥√–¬–
‡«≈“„π°“√‡°‘¥ªØ‘°‘√‘¬“‰∫¬Ÿ‡√Áμ ‡∑à“°—∫ 15 π“∑’

°√“ø¡“μ√∞“π·≈–¢’¥®”°—¥°“√μ√«®«—¥ ”À√—∫°“√«‘‡§√“–Àå‚ª√μ’π¥â«¬ªØ‘°‘√‘¬“ “√≈–≈“¬‚¡¥‘ø“¬¥å-
≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡ ’́¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ

‡¡◊ËÕπ” “√≈–≈“¬¡“μ√∞“π‚ª√μ’π BSA „π™à«ß§«“¡‡¢â¡¢âπ 0-100 μg/mL ¡“∑”ªØ‘°‘√‘¬“°—∫
 “√≈–≈“¬‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡·Õπ∑‘‚¡π’∑“√å‡∑√μ‰¥âº≈¥—ß√Ÿª∑’Ë 4

√Ÿª∑’Ë 4 °√“ø¡“μ√∞“π¢Õß “√≈–≈“¬¡“μ√∞“π BSA ¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬
‚æ·∑ ‡´’¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ (n=3)
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®“°√Ÿª∑’Ë 4 æ∫«à“ °√“ø¡“μ√∞“π‚ª√μ’π¡“μ√∞“π¡’™à«ß§«“¡‡ªìπ‡ âπμ√ß„π™à«ß 0-100 μg/mL
‚¥¬¡’§«“¡ —¡æ—π∏å‡∑à“°—∫ y = 0.0049x (R2 = 0.9974) ·≈–¡’§à“¢’¥®”°—¥°“√μ√«®«—¥ (LOD) ·≈–
¢’¥®”°—¥°“√«‘‡§√“–Àå‡™‘ßª√‘¡“≥ (LOQ) ‡∑à“°—∫ 0.05 μg/mL ·≈– 0.16 μg/mL μ“¡≈”¥—∫

°“√«‘‡§√“–Àåª√‘¡“≥‚ª√μ’π„πμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“
‡¡◊ËÕ∑”°“√«‘‡§√“–Àåμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ß¥â«¬«‘∏’¥—ß°≈à“« ‰¥âº≈°“√∑¥≈Õß¥—ßμ“√“ß 1

μ“√“ß 1 ª√‘¡“≥‚ª√μ’π„πμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“∑’Ë‰¥â®“°°“√§”π«≥‚¥¬«‘∏’°“√ √â“ß°√“ø
¡“μ√∞“π ·≈–°“√‡μ‘¡ “√¡“μ√∞“π BSA (n=3)

ª√‘¡“≥‚ª√μ’π„πμ—«Õ¬à“ß (mg/g) √âÕ¬≈–°“√
μ—«Õ¬à“ß

«‘∏’‡μ√’¬¡
°“√‡μ‘¡ “√ §◊π°≈—∫μ—«Õ¬à“ß °√“ø¡“μ√∞“π
¡“μ√∞“π

πÈ”¬“ß¢âπ μ°μ–°Õπ 6.1 ± 0.4 6.5 ± 0.5 101.3
‰¡àμ°μ–°Õπ 9.8 ± 0.6 10.9 ± 0.8 98.6

∂ÿß¡◊Õ¬“ßæ“√“
μ°μ–°Õπ 0.6 ± 0.02 0.5 ± 0.01 100.7

‰¡àμ°μ–°Õπ 0.9 ± 0.01 0.5 ± 0.02 99.2

„π°“√«‘‡§√“–Àåª√‘¡“≥‚ª√μ’π„πμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“¥â«¬ √â“ß°√“ø¡“μ√∞“π
·≈–°√“ø¡“μ√∞“π™π‘¥°“√‡μ‘¡ “√¡“μ√∞“π æ∫«à“°“√‡μ√’¬¡μ—«Õ¬à“ß ”À√—∫°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥
‚ª√μ’π„πμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“¥â«¬°“√μ°μ–°Õπ·≈–‰¡àμ°μ–°Õπ¡’§«“¡·μ°μà“ßÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ‚¥¬°“√«‘‡§√“–Àåª√‘¡“≥‚ª√μ’π·∫∫μ°μ–°Õπ„πμ—«Õ¬à“ß∑—Èß Õß™π‘¥¡’
ª√‘¡“≥‚ª√μ’ππâÕ¬°«à“·∫∫‰¡àμ°μ–°Õπ ´÷Ëß‡°‘¥®“°°“√√∫°«π¢Õß “√„ππÈ”¬“ß [17] ‡™àπ  “√∑’Ë„™â„π°“√
√—°…“ ¿“æπÈ”¬“ß ‰¥â·°à ·Õ¡‚¡‡π’¬ ·≈– “√®”æ«° secondary preservative ∑’Ë„™â„π°“√∑”≈“¬‡™◊ÈÕ
®ÿ≈‘π∑√’¬å„ππÈ”¬“ß ´÷Ëß¡’ 2 ª√–‡¿∑ §◊Õª√–‡¿∑∑’Ë‡ªìπ “√‡§¡’ ‡™àπ øïπÕ≈ Õ—≈‚ø‡πμ ‡ªìπμâπ ·≈– “√·Õπμ‘
‰∫‚Õμ‘° ‡™àπ ´‘ß§åÕÕ°‰´¥å (ZnO) ‡μμ√–‡¡∑‘≈‰∑¬Ÿ·√¡‰¥´—≈‰ø¥å (TMTD) ‡ªìπμâπ ¥—ßπ—Èπ„π°“√
«‘‡§√“–Àå “√μ—«Õ¬à“ß∑’Ë¡’ “√√∫°«π„πª√‘¡“≥¡“°®÷ß§«√∑”°“√μ°μ–°Õπ‚ª√μ’π°àÕππ”‰ª«‘‡§√“–Àå ‡¡◊ËÕ
»÷°…“À“§à“√âÕ¬≈–°“√§◊π°≈—∫„πμ—«Õ¬à“ß∑—Èß Õß™π‘¥ æ∫«à“ §à“√âÕ¬≈–°“√§◊π°≈—∫Õ¬Ÿà„π™à«ß 98.6-101.3
· ¥ß«à“  ‘Ëß‡®◊Õªπ„ππÈ”¬“ß¢âπ‰¡à¡’º≈μàÕª√‘¡“≥‚ª√μ’π∑’Ë‡μ‘¡‡¢â“‰ª
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√«‘‡§√“–Àå‚ª√μ’π¥â«¬«‘∏’‚¡¥‘ø“¬¥å≈“«√’∑’Ë¡’°“√‡μ‘¡ “√≈–≈“¬‚æ·∑ ‡ ’́¬¡·Õπ∑‘‚¡π’∑“√å‡∑√μ

´÷Ëßª√–°Õ∫¥â«¬  “√≈–≈“¬ Na2CO3 0.16 mol/L, NaOH 0.11 mol/L, Na2C4H4O6 8 mmol/L,
K(SbO)C4H4O6 0.6 mmol/L, CuSO4 1 mmol/L ·≈– Folin-ciocalteuûs reagent 12% v/v μ—Èß∑‘Èß‰«â
15 π“∑’ ·≈â«π”‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥∑’Ë 746 nm ¡’™à«ß§«“¡‡ªìπ‡ âπμ√ß„π™à«ß 0-100 μg/mL
‚¥¬¡’§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß·≈–§«“¡‡¢â¡¢âπ¢Õß “√¡“μ√∞“π‚ª√μ’π ‡∑à“°—∫ y = 0.0049 Ó
(R2 = 0.9974) ‚¥¬¡’¢’¥®”°—¥°“√μ√«®«—¥ L.O.D. ·≈– L.O.Q. ‡∑à“°—∫ 0.05 μg/mL ·≈– 0.16 μg/mL
μ“¡≈”¥—∫ ·≈–‡¡◊ËÕπ”‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥‚ª√μ’π„πμ—«Õ¬à“ßπÈ”¬“ß¢âπ·≈–∂ÿß¡◊Õ¬“ßæ“√“ æ∫«à“¡’ª√‘¡“≥
‚ª√μ’π„πμ—«Õ¬à“ßπÈ”¬“ß¢âπª√–¡“≥ 6.1-10.9 mg/g ·≈–„πμ—«Õ¬à“ß∂ÿß¡◊Õ¬“ßæ“√“ª√–¡“≥ 0.5-0.9 mg/g
‚¥¬¡’§à“√âÕ¬≈–°“√§◊π°≈—∫Õ¬Ÿà„π™à«ß∑’Ë¬Õ¡√—∫‰¥â

°‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬¢Õ¢Õ∫§ÿ≥∑ÿπ π—∫ πÿπ°“√∑”«‘®—¬®“°ß∫ª√–¡“≥·ºàπ¥‘π¡À“«‘∑¬“≈—¬π‡√»«√ ·≈–

¿“§«‘™“‡§¡’∑’Ë π—∫ πÿπÕÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ ”À√—∫ß“π«‘®—¬
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