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ABSTRACT

The optimization of microcapsule encapsulating of the extract from kaffir lime leaves
was developed by complex coacervation technique and freeze-drying technique. A central
composite design (CCD) was employed microcapsule encapsulation (condition as level of
gelation at 10% and 30% and arabic gum at 20% and 40%). The optimum condition was
encapsutation with gelatin 20% and arabic gum 20% (1:1), and used as wall materials.
These were mixed with 10% of extract in extra virgin olive oil as core materials and the ratio of
wall materials and core material was 2:1. L*, a*, b*, moisture content, water activity, encapsulation
efficiency and citronellal were 65.29, -1.90, 51.09, 1.51, 0.250, 80.25 and 20.38 mg/g of
microcapsule, respectively. The particle morphology by scanning electron microscopy (SEM)
showed that microcapsules were irregular in shape with various sizes.
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∫∑π”
„∫¡–°√Ÿ¥¡—°∂Ÿ°„™â‡ªìπ à«πª√–°Õ∫„πÕ“À“√„π·∂∫ª√–‡∑»μ–«—πÕÕ°‡©’¬ß„μâ ‡π◊ËÕß®“°¡’

πÈ”¡—πÀÕ¡√–‡À¬∑’Ë„Àâ°≈‘ËπÀÕ¡™à«¬„π°“√‡æ‘Ë¡°≈‘Ëπ√ „Àâ°—∫Õ“À“√·≈–¥—∫°≈‘Ëπ§“«‰¥â π‘¬¡„™â„πÕ“À“√‰∑¬
‡™àπ μâ¡¬” μâ¡¢à“‰°à æ√‘°·°ßμà“ßÊ ‡ªìπμâπ ‚¥¬„π„∫¡–°√Ÿ¥¡’ “√ÀÕ¡√–‡À¬À≈—°∑’Ë ”§—≠§◊Õ citronellal
·≈–¬—ßæ∫«à“¡’ “√ÀÕ¡√–‡À¬∑’Ë¡’ª√‘¡“≥√Õß≈ß¡“‰¥â·°à citronellol, limonene ·≈– nerol ´÷Ëß‡ªìπ “√
ÀÕ¡√–‡À¬∑’Ë„Àâ°≈‘Ëπ‡©æ“–„π„∫¡–°√Ÿ¥ πÕ°®“°π’È ¬—ßæ∫ “√ÀÕ¡√–‡À¬Õ◊ËπÊ ‰¥â·°à α-pinene, camphene,
β-pinene, sabinene, myrcene, trans-ocimene, γ-terpinene, ρ-cymene, terpinolene, copaene,
linalool, β-cubebene, isopulegol, caryophyllene, citronellyl acetate, citronellol, geranyl acetate
·≈– δ-cadinene [1-3] ´÷Ëß‡ªìπÕß§åª√–°Õ∫∑’Ë¡—° ≈“¬μ—«¥â«¬§«“¡√âÕπ · ß À√◊Õªí®®—¬Õ◊ËπÊ ‡ªìπμâπ
¥—ßπ—Èπ®÷ß®–μâÕß„™â‡∑§‚π‚≈¬’‡°Á∫°—° (encapsulation technology) ‡æ◊ËÕ∑”„Àâ “√ÀÕ¡√–‡À¬‡À≈à“π’È¡’§«“¡‡ ∂’¬√
 “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ [4]

‡∑§‚π‚≈¬’°“√‡°Á∫°—° (encapsulation technology) ‡ªìπ°√–∫«π°“√∑’Ë “√À√◊Õ à«πº ¡¢Õß
 “√∂Ÿ°‡§≈◊Õ∫¥â«¬ “√Õ◊Ëπ  “√∑’Ë∂Ÿ°‡§≈◊Õ∫ (coated) À√◊Õ ∂Ÿ°®—∫¬÷¥‰«â (entrapped)  à«π„À≠à®–‡ªìπ
¢Õß‡À≈«À√◊ÕÕ“®‡ªìπ¢Õß·¢ÁßÀ√◊Õ°ä“´ ́ ÷Ëß‡√’¬°«à“ core material  à«π “√∑’Ëπ”¡“‡§≈◊Õ∫‡√’¬°«à“ wall material
‡∑§‚π‚≈¬’°“√‡°Á∫°—°‡ªìπÀπ÷Ëß„π«‘∏’°“√ª√–¬ÿ°μå„™â “√‡§≈◊Õ∫∑’Ë√—∫ª√–∑“π‰¥â ∑”„Àâ “√ ”§—≠∑’ËμâÕß°“√‡°Á∫
°—°Õ¬Ÿà„π√Ÿª¢Õß‡À≈« ‰¡à«à“®–‡ªìπ‰¢¡—π (fat) À√◊ÕπÈ”¡—π (oil) „Àâ°≈“¬‡ªìπºß´÷Ëß –¥«°μàÕ°“√„™âß“π¡“°
¢÷Èπ °“√‡°Á∫°—° “√ ”§—≠∑’Ë¡’Õπÿ¿“§√–¥—∫‰¡§√Õπ ‡√’¬°«à“ ‰¡‚§√‡Õπ·§ª Ÿ́‡≈™—π (microencapsulation)
À¡“¬∂÷ß Õπÿ¿“§¢Õß “√∑’Ëª√–°Õ∫¥â«¬™—Èπ‡§≈◊Õ∫ÀàÕÀÿâ¡ “√∑’ËμâÕß°“√‡°Á∫°—° ´÷Ëß¡’¢π“¥μ—Èß·μà 10-2000
‰¡§√Õπ ∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫°√–∫«π°“√∑’Ë„™â‡μ√’¬¡‰¡‚§√·§ª Ÿ́≈ [5] ‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ (complex
coacervation) ‡ªìπ°√–∫«π°“√‡°Á∫°—°∑’Ë¡—°„™â„πÕÿμ “À°√√¡¬“·≈–Õ“À“√ ‚¥¬æ∫«à“‡ªìπ°√–∫«π°“√∑’Ë
 “¡“√∂‡°Á∫°—° “√ °—¥‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ Ÿß ¡’§«“¡‡ ∂’¬√·≈–¡’√–¬–¢Õß°“√ª≈¥ª≈àÕ¬ “√ ”§—≠
§àÕπ¢â“ßπ“π ‚¥¬„™âÀ≈—°°“√∑“ß‡§¡’‡°‘¥‚§Õ–‡´Õ√å‡«∑„π√–∫∫∑’Ë¡’§Õ≈≈Õ¬å¡“°°«à“ 1 ™π‘¥ ∂â“‡ªìπ‚§Õ–
‡´Õ√å‡«™—π·∫∫∑’Ë‡ªìππÈ”¡—°‡°‘¥®“°°“√‡ª≈’Ë¬πÀ√◊Õª√—∫ ¿“ææ’‡Õ™ ‚¥¬„™â‰Œ‚¥√øî≈‘§§Õ≈≈Õ¬¥å Õß™π‘¥∑’Ë
¡’ª√–®ÿμà“ß°—π ‡™àπ°“√‡μ‘¡ “√≈–≈“¬°—¡Õ–√“∫‘°≈ß„π “√≈–≈“¬‡®≈“μ‘π ®“°π—Èπª√—∫æ’‡Õ™®π‡®≈“μ‘π¡’
ª√–®ÿ∫«°·≈–°—¡Õ–√“∫‘°¡’ª√–®ÿ≈∫ ‡°‘¥°“√®—∫¢Õßª√–®ÿÕ¬à“ßÀ≈«¡Ê ·¬°μ—«ÕÕ°¡“‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ
«‘∏’π’Èπ‘¬¡„™âº≈‘μ‰¡‚§√·§ª´Ÿ≈¡“°°«à“™π‘¥∏√√¡¥“ ‡π◊ËÕß®“°‰¥âºπ—ß∑’Ë·¢Áß·√ß°«à“  “¡“√∂§«∫§ÿ¡°“√ª≈¥
ª≈àÕ¬°≈‘Ëπ√ ‰¥â¥’°«à“ ·≈– “¡“√∂§«∫§ÿ¡¢π“¥¢Õß‰¡‚§√·§ª´Ÿ≈‰¥âßà“¬°«à“ ¡’ª√–‚¬™πå ”À√—∫°“√‡°Á∫
°—° “√∑’Ë‡ªìπ¢Õß‡À≈«À√◊ÕÕπÿ¿“§¢π“¥‡≈Á° ¡’≈—°…≥–‡ªìπ oil-in-water ´÷Ëßπ‘¬¡„™â‡®≈“μ‘π ‡π◊ËÕß®“°
≈–≈“¬πÈ”‰¥â¥’ ‰¡à¡’æ‘… ¡’§ÿ≥ ¡∫—μ‘„π°“√‡°‘¥øî≈å¡‰¥â¥’ √“§“∂Ÿ° À“´◊ÈÕßà“¬ [5]

®“°°“√»÷°…“¢Õß Yang ·≈–§≥– [5] æ∫«à“¡’°“√ Ÿ≠ ≈“¬¢Õß “√„Àâ°≈‘Ëπ√ ¢Õß«π‘≈“
§àÕπ¢â“ßßà“¬ ®÷ß¡’°“√π”‡∑§‚π‚≈¬’°“√‡°Á∫°—°°≈‘Ëπ√  ´÷Ëß‡ªìπ‡∑§‚π‚≈¬’∑’Ë¡’°“√„™âß“πÕ¬à“ß·æ√àÀ≈“¬∑’Ë
ª√–¬ÿ°μå„™â„πÕÿμ “À°√√¡¬“ Õÿμ “À°√√¡Õ“À“√ ‡§√◊ËÕß ”Õ“ß ·≈–Õÿμ “À°√√¡∑Õºâ“ ‡ªìπμâπ ‚¥¬®–
∑”°“√»÷°…“°“√‡°Á∫°—° “√„Àâ°≈‘Ëπ√ ¢Õß«π‘≈“‚¥¬„™â‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ‚¥¬„™âæÕ≈‘‡¡Õ√å∏√√¡™“μ‘
§◊Õ ‡®‰πæ‘π·≈–‰§‚μ´“π ÷́Ëßæ∫«à“ª√– ‘∑∏‘¿“æ°“√‡°Á∫°—° Ÿß ÿ¥√âÕ¬≈– 94.2 „πÕ—μ√“ à«π¢ÕßπÈ”¡—π
«π‘≈“μàÕ‰§‚μ´“π‡∑à“°—∫ 2 μàÕ 1 ·≈–æ∫«à“¬—ß§ß¡’ª√‘¡“≥πÈ”¡—π«π‘≈“‡À≈◊ÕÕ¬Ÿà√âÕ¬≈– 60 À≈—ß®“°∑’Ë¡’°“√
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ª≈¥ª≈àÕ¬°≈‘Ëπ¡“ 30 «—π ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“‡∑§‚π‚≈¬’°“√‡°Á∫°—°·∫∫«‘∏’‚§Õ–‡´Õ√å‡«™—π∑”„Àâ “¡“√∂
§«∫§ÿ¡°“√ Ÿ≠ ≈“¬¢Õß°≈‘Ëπ‰¥â ∑”„Àâ‰¥â°≈‘Ëπ«π‘≈“∑’Ë¡’§ÿ≥¿“æ Ÿß¢÷Èπ·≈–∑πμàÕ§«“¡√âÕπ‰¥â¡“°¢÷Èπ ·≈–
®“°°“√»÷°…“¢Õß Junyaprasert [6] π”«‘μ“¡‘π‡Õ¡“∑”°“√‡°Á∫°—°‚¥¬„™â«‘∏’‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ·≈–„™â
‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°‡ªìπ«— ¥ÿ‡°Á∫°—° ®“°π—Èπ‰¥â∑”°“√»÷°…“Õ—μ√“ à«π∑’Ë‡À¡“– ¡¢Õß‡®≈“μ‘πμàÕ°—¡Õ–√“∫‘°
∑’Ë 2:3, 1:1 ·≈– 3:2 »÷°…“Õ—μ√“ à«π∑’Ë‡À¡“– ¡¢Õß “√·°π°≈“ßμàÕ«— ¥ÿ‡°Á∫°—°∑’ËÕ—μ√“ à«π 1:1, 1:2 ·≈–
2:3 μ“¡≈”¥—∫ πÕ°®“°π’È ¬—ß»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õß°√–∫«π°“√∑”·Àâß√–À«à“ßμŸâÕ∫≈¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘
40 Õß»“‡´≈‡´’¬  ·≈–°“√·™à‡¬◊Õ°·¢Áß ®“°º≈°“√»÷°…“æ∫«à“ Õ—μ√“ à«π∑’Ë‡À¡“– ¡¢Õß‡®≈“μ‘πμàÕ
°—¡Õ–√“∫‘° §◊Õ 1:1 ·≈–Õ—μ√“ à«π¢Õß “√·°π°≈“ßμàÕ«— ¥ÿ‡°Á∫°—° ‡∑à“°—∫ 1:2 ´÷Ëß«‘∏’°“√∑”·Àâß·∫∫·™à
‡¬◊Õ°·¢Áß‡ªìπ«‘∏’°“√∑”·Àâß∑’Ë‡À¡“– ¡∑’Ë ÿ¥¢Õß°“√‡°Á∫°—° ‡π◊ËÕß®“°‰¡‚§√·§ª Ÿ́≈∑’Ë‰¥â¡’≈—°…≥–∑’Ë¥’∑’Ë ÿ¥
·≈–¬—ß¡’Õ“¬ÿ°“√‡°Á∫√—°…“¢Õßº≈‘μ¿—≥±å∑’Ëπ“π°«à“Õ’°¥â«¬ πÕ°®“°π’È ¬—ß¡’ß“π«‘®—¬Õ’°À≈“¬ß“π«‘®—¬
∑’Ë∑”°“√»÷°…“°“√‡°Á∫°—°‚¥¬«‘∏’π’È ‡™àπ °“√‡°Á∫°—°πÈ”¡—πÀÕ¡√–‡À¬®“°‡ªª‡ªÕ√å¡‘Èπμå‚¥¬„™â‡®≈“μ‘π·≈–
°—¡Õ–√“∫‘°‡ªìπ«— ¥ÿ‡°Á∫°—° ‡æ◊ËÕªÑÕß°—π°“√ Ÿ≠ ≈“¬¢Õß “√„Àâ°≈‘Ëπ√  [7]

‡π◊ËÕß®“° “√ °—¥∑’Ë‰¥â®“°„∫¡–°√Ÿ¥‡ªìπ “√∑’Ë√–‡À¬‰¥âßà“¬  “¡“√∂ ≈“¬μ—«‰¥âßà“¬¥â«¬· ß
§«“¡√âÕπ ·≈–ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π ¥—ßπ—Èπ ®÷ß‡ªìπ∑’Ë¡“¢Õß·π«§‘¥„π°“√»÷°…“§«“¡ “¡“√∂„π°“√‡°Á∫°—°
 “√ °—¥‚¥¬„™â‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ ´÷Ëß‡ªìπ‡∑§‚π‚≈¬’ ¡—¬„À¡à«‘∏’Àπ÷Ëß∑’Ë¡—°¡’°“√„™â„π
Õÿμ “À°√√¡Õ“À“√·≈–¬“‡æ◊ËÕ‡°Á∫°—° “√„Àâ°≈‘Ëπ√ À√◊Õ “√„Àâ§ÿ≥§à“∑“ß‚¿™π“°“√∑’Ë Ÿ≠‡ ’¬‰¥âßà“¬®“°
 ¿“«–·«¥≈âÕ¡μà“ßÊ °√–∫«π°“√º≈‘μ·≈–√–¬–°“√‡°Á∫√—°…“‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√‡°Á∫°—° “√ °—¥
∑’Ë ‰¥â [5-7] º≈‘μ¿—≥±å∑’Ë‰¥â¬—ß¡’º≈¥’„π¥â“π¢Õß§«“¡ –¥«°„π°“√¢π àß Õ’°∑—Èß¬—ß‰¥â “√„Àâ°≈‘Ëπ√ ∑’Ë
„°≈â‡§’¬ß°—∫°≈‘Ëπ∑’Ë‰¥â®“°«—μ∂ÿ¥‘∫μ—Èßμâπ∑’Ë °—¥‚¥¬«‘∏’∑“ß∏√√¡™“μ‘ ‰¡à¡’ “√ªπ‡ªóôÕπ®“°μ—«∑”≈–≈“¬·≈–
 “√‡§¡’Õ◊ËπÊ ‡®◊Õªπ ‡æ‘Ë¡§«“¡¡—Ëπ„®·≈–‰«â«“ß„®„Àâ·°àºŸâª√–°Õ∫°“√·≈–ºŸâ∫√‘‚¿§

«—μ∂ÿª√– ß§å¢Õßß“π«‘®—¬
‡æ◊ËÕ„Àâ∑√“∫ ¿“«–∑’Ë‡À¡“– ¡¢Õß‡°Á∫°—° “√ °—¥®“°„∫¡–°√Ÿ¥¥â«¬«‘∏’‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ

·≈–»÷°…“ª√– ‘∑∏‘¿“æ°“√‡°Á∫°—°¢Õß‰¡‚§√·§ª Ÿ́≈‡°Á∫°—° “√ °—¥®“°„∫¡–°√Ÿ¥

Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
1. °“√‡μ√’¬¡ “√ °—¥„∫¡–°√Ÿ¥

 °—¥ “√ °—¥®“°„∫¡–°√Ÿ¥‚¥¬„™â§“√å∫Õπ‰¥ÕÕ°‰´¥å∑’Ë ¿“«–‡Àπ◊Õ«‘°ƒμ‘∑’ËÕÿ≥À¿Ÿ¡‘ 40
Õß»“‡´≈‡´’¬  §«“¡¥—π 25 ‡¡°–ª“ §“≈ ·≈–¡’Õ—μ√“°“√‰À≈¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–‡«≈“∑’Ë„™â
„π°“√ °—¥§ß∑’Ëμ≈Õ¥°√–∫«π°“√ °—¥∑’Ë 2.5 ≈‘μ√μàÕπ“∑’ ‡ªìπ‡«≈“ 90 π“∑’ ∑”°“√‡°Á∫ “√ °—¥∑’Ë‰¥â„π
¢«¥√Ÿª™¡æŸà∑’ËÀàÕ¥â«¬Õ–≈Ÿ¡‘‡π’¬¡øÕ¬≈åªÑÕß°—π· ß·≈–°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π„πμŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 40
Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 30 π“∑’ π”¡“„ à„π‚∂¥Ÿ¥§«“¡™◊Èπ®ππÈ”Àπ—°§ß∑’Ë ™—ËßπÈ”Àπ—° ÿ¥∑â“¬∑’Ë‰¥â ®“°π—Èπ
∂à“¬ “√ °—¥≈ß„π¢«¥ ’™“·≈–‡°Á∫ “√ °—¥∑’Ë‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ -25 Õß»“‡´≈‡´’¬  [8]
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2. »÷°…“Õ—μ√“ à«π∑’Ë‡À¡“– ¡¢Õß°“√‡°Á∫°—° “√ °—¥®“°„∫¡–°√Ÿ¥
æ—≤π“‰¡‚§√·§ª Ÿ́≈ ”À√—∫‡°Á∫°—° “√„Àâ°≈‘Ëπ√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥‚¥¬„™â‡∑§π‘§

‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ ‚¥¬π” “√ °—¥®“°„∫¡–°√Ÿ¥ ≈–≈“¬¥â«¬πÈ”¡—π¡–°Õ°·∫∫‰√â°≈‘Ëπ (Bertolli©

olive oil soft taste extra light) „Àâ¡’§«“¡‡¢â¡¢âπ 10% (w/w) ·≈–π”πÈ”¡—πÀÕ¡√–‡À¬º ¡„π
 “√≈–≈“¬‡®≈“μ‘π 10% (w/w) °«πº ¡‚¥¬„™â§«“¡‡√Á«√Õ∫ 8000 rpm ‡ªìπ‡«≈“ 30 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 40
Õß»“‡´≈‡´’¬  ®“°π—Èπ‡μ‘¡πÈ”Õÿ≥À¿Ÿ¡‘ 40 Õß»“‡´≈‡ ’́¬  ‡®◊Õ®“ß„Àâ‰¥â§«“¡‡¢â¡¢âπ 30% (100 °√—¡πÈ”/
30 °√—¡ “√≈–≈“¬§Õ≈≈Õ¬¥å) ·¬°‡Õ“ à«π‰¡‚§√·§ª´Ÿ≈∑’Ë‰¥â¥â«¬‡§√◊ËÕß°√Õß ÿ≠≠“°“»·≈–≈â“ß¥â«¬
2-propanol À≈—ß®“°π—Èππ”‰ª∑”·Àâß·∫∫·™à‡¬◊Õ°·¢Áß [6] º—π·ª√Õ—μ√“ à«π¢Õß‡®≈“μ‘πμàÕ°—¡Õ–√“∫‘°
‚¥¬„™â‚ª√·°√¡ Design-Expert version 6.0.2 (Stateas Inc., USA) ‚¥¬ÕÕ°·∫∫°“√∑¥≈Õß·∫∫
Central Composite Design (CCD) with 2 center points ¥—ßμ“√“ß∑’Ë 1 ·≈– “¡“√∂ÕÕ°·∫∫®”π«π
™ÿ¥°“√∑¥≈Õß‰¥â®“° 2k

 + 2k + n0
 ‡¡◊ËÕ k §◊Õ ®”π«πμ—«·ª√∑’ËμâÕß°“√»÷°…“·≈– n0 §◊Õ ®”π«π È́”°“√

∑¥≈Õß∑’Ë®ÿ¥°÷Ëß°≈“ß (center point) ¥—ßπ—Èπ ‡¡◊ËÕ»÷°…“ 2 ªí®®—¬ ®÷ß‡∑à“°—∫ 22
 + 2(2) + 2  “¡“√∂ÕÕ°·∫∫

°“√∑¥≈Õß‰¥â∑—ÈßÀ¡¥ 10 °“√∑¥≈Õß ∑’Ë¡’®ÿ¥°÷Ëß°≈“ß´È” 2 §√—Èß ∑”„Àâ‰¥â —¥ à«π¢Õß«— ¥ÿ∑’Ë„™â‡°Á∫°—°∑—ÈßÀ¡¥
®”π«π 10  Ÿμ√ ∑’Ë¡’®ÿ¥°÷Ëß°≈“ß 2 ®ÿ¥ §◊Õ ‘Ëß∑¥≈Õß∑’Ë 9 ·≈– 10 ‚¥¬√–¥—∫ªí®®—¬®–∂Ÿ°·∫àßÕÕ°‡ªìπ 5 √–¥—∫
(-α, -1, 0, +1, +α) ¥—ß· ¥ß„πμ“√“ß∑’Ë 2

μ“√“ß∑’Ë 1 √–¥—∫ Ÿß-μË”¢ÕßÕ—μ√“ à«π«— ¥ÿ∑’Ë„™â‡°Á∫°—° “√„Àâ°≈‘Ëπ√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥

«— ¥ÿ∑’Ë„™â‡°Á∫°—° -α (-1.68) √–¥—∫μË” (%) (-1) 0 √–¥—∫ Ÿß (%) (+1) +α (+1.68)

‡®≈“μ‘π 5.86 10 20 30 34.14
°—¡Õ–√“∫‘° 15.86 20 30 40 44.14



SWU Sci. J. Vol. 36 No. 2 (2020)114

μ“√“ß∑’Ë 2 √–¥—∫ªí®®—¬„π·μà≈– ‘Ëß∑¥≈Õß∑’Ë‰¥â®“°°“√«“ß·ºπ·∫∫ Central Composite Design (CCD)
 ”À√—∫º≈‘μ‰¡‚§√·§ª´Ÿ≈‡°Á∫°—° “√„Àâ°≈‘Ëπ√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥

 à«πª√–°Õ∫ (%)
 ‘Ëß∑¥≈Õß X1 (‡®≈“μ‘π) X2 (°—¡Õ–√“∫‘°)

‡®≈“μ‘π °—¡Õ–√“∫‘°

1 ›1 ›1 10 20
2 +1 ›1 30 20
3 ›1 +1 10 40
4 +1 +1 30 40
5 ›1.68 0 5.86 30
6 +1.68 0 34.14 30
7 0 ›1.68 20 15.86
8 0 +1.68 20 44.14
9 0 0 20 30
10 0 0 20 30

3. °“√«‘‡§√“–Àå§ÿ≥¿“æ∑“ß‡§¡’·≈–°“¬¿“æ¢Õß‰¡‚§√·§ª´Ÿ≈‡°Á∫°—° “√ °—¥®“°„∫¡–°√Ÿ¥
› √âÕ¬≈–º≈º≈‘μ∑’Ë‰¥â [5]

› §à“ ’√–∫∫¡—π‡´≈ (Muncell color system) : L*, a* ·≈– b* ‚¥¬„™â‡§√◊ËÕß«—¥ ’ Minolta
Chromaticity Meter CR-410 (Konika Minolta, Japan)

‚¥¬ §à“ L* §◊Õ§«“¡ «à“ß ¡’§à“Õ¬Ÿà„π™à«ß 0 ∂÷ß 100
§à“ a* §◊Õ§à“ ’·¥ß ‡¡◊ËÕ a ¡’§à“‡ªìπ (+) ·∑π§à“ ’·¥ß

‡¡◊ËÕ a ¡’§à“‡ªìπ (›) ·∑π§à“ ’‡¢’¬«
§à“ b* §◊Õ§à“ ’‡À≈◊Õß ‡¡◊ËÕ b ¡’§à“‡ªìπ (+) ·∑π§à“ ’‡À≈◊Õß

‡¡◊ËÕ b ¡’§à“‡ªìπ (›) ·∑π§à“ ’πÈ”‡ß‘π
› ª√‘¡“≥§«“¡™◊Èπ [9] ‚¥¬„™âμŸâÕ∫≈¡√âÕπ (hot air oven) (Memmert UM500n Oven,

GER) ∑”°“√Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 105 Õß»“‡´≈‡ ’́¬  ®π‰¥âπÈ”Àπ—°§ß∑’Ë
› §à“«Õ‡μÕ√å·Õ§μ‘«‘μ’ (water activity ; aW) ‚¥¬„™â‡§√◊ËÕß«—¥§à“«Õ‡μÕ√å·Õ§μ‘«‘μ’ (Aqualab

Lite, Decagon, USA)
› ª√‘¡“≥πÈ”¡—πÀÕ¡√–‡À¬∑’Ëæ◊Èπº‘« (Surface oil) [5]
π”‰¡‚§√·§ª´Ÿ≈ºß 2.5 °√—¡ º ¡°—∫ªî‚μ√‡≈’¬¡Õ’‡∑Õ√å ª√‘¡“≥ 50 ¡‘≈≈‘≈‘μ√ „π¢«¥·°â«

∑’Ë¡’Ω“ªî¥ ∑”°“√‡¢¬à“¥â«¬¡◊Õ‡æ◊ËÕ∑”°“√ °—¥πÈ”¡—πÀÕ¡√–‡À¬∑’Ëæ◊Èπº‘« °√Õß¥â«¬°√–¥“…°√Õß‡∫Õ√å 1 ∑”°“√
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‡¢¬à“·≈–°√ÕßÕ’° 2 §√—Èß ®π‰¥â “√≈–≈“¬„  π” “√≈–≈“¬„ ∑’Ë‰¥â‰ª√–‡À¬μ—«∑”≈–≈“¬ÕÕ°·≈–∑”„Àâ·Àâß
∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡ ’́¬  ®π‰¥âπÈ”Àπ—°§ß∑’Ë ¥â«¬‡§√◊ËÕßÕ∫·Àâß ÿ≠≠“°“» ®“°π—Èπ∑”°“√§”π«≥À“
ª√‘¡“≥πÈ”¡—π∑’Ëº‘«Àπâ“

› ª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—° (Encapsulation efficiency) [5]
π”‰¡‚§√·§ª´Ÿ≈∑’Ë‰¥â¡“∑”°“√≈â“ß¥â«¬ “√≈–≈“¬‡Õ∑“πÕ≈ 2 §√—Èß π”‰¡‚§√·§ª Ÿ́≈Àπ—°

0.1 °√—¡ ‡μ‘¡ “√≈–≈“¬‡Œ°‡´π 100 ¡‘≈≈‘≈‘μ√ „πÕà“ßπÈ”√âÕπ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 37 Õß»“‡´≈‡´’¬ 
π” “√≈–≈“¬º ¡∑’Ë‰¥â‰ª„ à„π‡§√◊ËÕßÕ—≈μ√â“‚´π‘§‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ·≈–¡’
°“√ —Ëπ 150 rpm ®–∑”„Àâ‰¥â “√ °—¥πÈ”¡—π„∫¡–°√Ÿ¥ÕÕ°¡“ ∑”°“√·¬° à«π∑’Ë‰¡à≈–≈“¬ÕÕ°‚¥¬„™â°“√
ªíòπ‡À«’Ë¬ß ∑”°“√™—ËßπÈ”Àπ—°∑’Ë‰¥â

%Encapsulation efficiency =
πÈ”Àπ—°¢Õß‰¡‚§√·§ª Ÿ́≈∑’Ë¡’πÈ”¡—π„∫¡–°√Ÿ¥

x 100
πÈ”Àπ—°¢ÕßπÈ”¡—π„∫¡–°√Ÿ¥∑’Ë„™â„π°“√‡μ√’¬¡‰¡‚§√·§ª´Ÿ≈

› °“√«‘‡§√“–Àå·≈–ª√–‡¡‘πº≈∑“ß ∂‘μ‘
π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“∑”°“√«‘‡§√“–Àå ¡°“√∂¥∂Õ¬ (regression analysis) ·≈–À“ Ÿμ√∑’Ë‡À¡“– ¡

‚¥¬«‘∏’°“√À“æ◊Èπ∑’ËμÕ∫ πÕß (response surface methodology) ‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª Design-Expert
version 6.0.2 (Stateas Inc., USA) ·≈–„™â ∂‘μ‘ ANOVA „π°“√«‘‡§√“–Àå§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬
 ”§—≠∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

º≈°“√«‘®—¬
®“°°“√æ—≤π“‰¡‚§√·§ª Ÿ́≈ ”À√—∫‡°Á∫°—°πÈ”¡—π„∫¡–°√Ÿ¥¥â«¬‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ

‚¥¬„™â “√ °—¥®“°„∫¡–°√Ÿ¥∑’Ë§«“¡‡¢â¡¢âπ 10% (w/w) „ππÈ”¡—π¡–°Õ°·∫∫‰√â°≈‘Ëπ (Bertolli© olive oil
soft taste extra light) ·≈–„™â‡®≈“μ‘π°—∫°—¡Õ–√“∫‘°‡ªìπ«— ¥ÿ‡°Á∫°—°°≈‘Ëπ ‚¥¬∑”°“√»÷°…“ª√‘¡“≥∑’Ë
‡À¡“– ¡¢Õß«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—°∑—ÈßÀ¡¥ 10  ‘Ëß∑¥≈Õß ‰¥âº≈¥—ßμ“√“ß∑’Ë 3 æ∫«à“ ºß‰¡‚§√·§ª Ÿ́≈‡°Á∫
°—° “√„Àâ°≈‘Ëπ√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥∑’Ë‰¥â¡’§à“ L* b* √âÕ¬≈–ª√– ‘∑∏‘¿“æ„π°“√‡°Á∫°—°
√âÕ¬≈–º≈º≈‘μ ·≈–ª√‘¡“≥ citronellal ∑’Ë¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (p ≤ 0.05) ¬°‡«âπ§à“ a*

«Õ‡μÕ√å·Õ§μ‘«‘μ’ ª√‘¡“≥πÈ”¡—π∑’Ëæ◊Èπ∑’Ëº‘« §«“¡™◊Èπ ·≈–°“√¥Ÿ¥´—∫πÈ”∫πæ◊Èπ∑’Ëº‘«¢ÕßÕπÿ¿“§ ∑’Ë‰¡à¡’§«“¡
·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (p > 0.05)

‡¡◊ËÕæ‘®“√≥“§à“ ’ L* a* ·≈– b* ®“°μ“√“ß∑’Ë 3 æ∫«à“ º≈‘μ¿—≥±å‰¡‚§√·§ª Ÿ́≈‡°Á∫°—° “√„Àâ
°≈‘Ëπ√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥∑—Èß 10  ‘Ëß∑¥≈Õß¡’≈—°…≥–‡ªìπºß ’‡À≈◊ÕßÕ¡¢“« ‚¥¬¡’§à“ ’ L* a*

·≈– b* Õ¬Ÿà„π™à«ß 63.95-79.29, -3.43-(-0.77) ·≈– 51.12 μ“¡≈”¥—∫  à«πª√‘¡“≥§«“¡™◊Èπ·≈–§à“
«Õ‡μÕ√å·Õ§μ‘«’μ’ Õ¬Ÿà„π™à«ß√âÕ¬≈– 0.81-7.05 ·≈– 0.137-0.425 μ“¡≈”¥—∫ ´÷Ëßæ∫«à“§à“∑’Ë‰¥âÕ¬Ÿà„π‡°≥±å
¡“μ√∞“πº≈‘μ¿—≥±å∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡º≈‘μ¿—≥±å∑’Ë¡’§«“¡™◊ÈπμË” (low moisture food, LMF) ∑’Ë¡’§à“«Õ‡μÕ√å
·Õ§μ‘«’μ’Õ¬Ÿà„π™à«ß 0.010-0.650 ‡¡◊ËÕ®”·π°ª√–‡¿∑¢ÕßÕ“À“√‚¥¬„™â§à“«Õ‡μÕ√å·Õ§μ‘«’μ’‡ªìπ‡°≥±å ·≈–
ª√‘¡“≥§«“¡™◊Èπ„πÕ“À“√μË”°«à“√âÕ¬≈– 15 [10]
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μ“√“ß∑’Ë 3 º≈°“√«‘‡§√“–Àå§ÿ≥¿“æ∑“ß‡§¡’·≈–°“¬¿“æ¢Õßº≈‘μ¿—≥±å‰¡‚§√·§ª´Ÿ≈‡°Á∫°—° “√„Àâ°≈‘Ëπ
√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥∑—Èß 10  ‘Ëß∑¥≈Õß

 à«πª√–°Õ∫ (%) §à“ ’ §«“¡™◊Èπns §à“ Water

 ‘Ëß∑¥≈Õß ‡®≈“μ‘π °—¡Õ–√“∫‘° L* a*ns b* (%) activityns (aw)

1 (›1) 10 (›1) 20 69.93 ± 0.78 ›3.43 ± 0.13 51.12 ± 0.83 3.45 ± 0.71 0.225 ± 0.01

2 (+1) 30 (›1) 20 66.12 ± 0.43 ›1.99 ± 0.07 44.64 ± 0.51 7.05 ± 0.98 0.146 ± 0.01

3 (›1) 10 (+1) 40 66.58 ± 0.59 ›2.26 ± 0.09 43.80 ± 0.56 1.37 ± 0.13 0.159 ± 0.01

4 (+1) 30 (+1) 40 77.88 ± 0.76 ›1.57 ± 0.16 39.80 ± 0.60 0.81 ± 0.09 0.137 ± 0.01

5 (›α) 5.86 (0) 30 63.95 ± 0.55 ›2.56 ± 0.23 47.12 ± 0.74 1.27 ± 0.26 0.141 ± 0.01

6 (+α) 34.14 (0) 30 76.75 ± 0.55 ›2.00 ± 0.08 41.96 ± 0.54 3.65 ± 0.81 0.347 ± 0.01

7 (0) 20 (›α) 15.86 64.53 ± 0.15 ›2.96 ± 0.02 49.67 ± 0.50 0.95 ± 0.12 0.137 ± 0.01

8 (0) 20 (+α) 44.14 79.29 ± 0.26 ›1.71 ± 0.08 41.50 ± 0.26 1.40 ± 0.13 0.173 ± 0.01

9 (0) 20 (0) 30 76.91 ± 0.46 ›0.77 ± 0.07 44.76 ± 0.35 2.21 ± 0.33 0.251 ± 0.01

10 (0) 20 (0) 30 75.80 ± 0.54 ›1.84 ± 0.12 44.81 ± 0.37 2.03 ± 0.26 0.247 ± 0.01

À¡“¬‡Àμÿ ns À¡“¬∂÷ß §à“‡©≈’Ë¬‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (p > 0.05)

μ“√“ß∑’Ë 3 º≈°“√«‘‡§√“–Àå§ÿ≥¿“æ∑“ß‡§¡’·≈–°“¬¿“æ¢Õßº≈‘μ¿—≥±å‰¡‚§√·§ª´Ÿ≈‡°Á∫°—° “√„Àâ°≈‘Ëπ
√ ®“°πÈ”¡—πÀÕ¡√–‡À¬„∫¡–°√Ÿ¥∑—Èß 10  ‘Ëß∑¥≈Õß (μàÕ)

 à«πª√–°Õ∫ (%)

 ‘Ëß∑¥≈Õß ‡®≈“μ‘π °—¡Õ–√“∫‘° √âÕ¬≈– ª√‘¡“≥πÈ”¡—π ª√– ‘∑∏‘¿“æ citronellal °“√¥Ÿ¥´—∫πÈ”

º≈º≈‘μ ∑’Ëæ◊Èπ∑’Ëº‘«ns „π°“√‡°Á∫°—° (mg/g) ∫πæ◊Èπ∑’Ëº‘«¢Õß

(%yield) (%) (%) Õπÿ¿“§ns

(min/g)

1 (›1) 10 (›1) 20 78.75 7.16 ± 0.93 90.44 21.15 ± 0.42 26.42 ± 0.84

2 (+1) 30 (›1) 20 93.00 10.51 ± 0.45 83.51 22.99 ± 1.57 24.13 ± 1.14

3 (›1) 10 (+1) 40 75.00 11.76 ± 0.66 52.80 25.41 ± 1.20 25.89 ± 0.14

4 (+1) 30 (+1) 40 89.17 2.54 ± 0.07 67.98 1.38 ± 0.03 28.34 ± 1.67

5 (›α) 5.86 (0) 30 78.03 21.46 ± 0.92 54.57 27.09 ± 0.50 29.51 ± 1.86

6 (+α) 34.14 (0) 30 85.86 3.07 ± 0.24 62.51 2.00 ± 0.05 28.28 ± 2.30

7 (0) 20 (›α) 15.86 90.85 9.75 ± 0.52 98.09 23.47 ± 2.07 29.91 ± 1.95

8 (0) 20 (+α) 44.14 85.86 6.62 ± 0.05 53.80 6.58 ± 0.08 24.43 ± 1.03

9 (0) 20 (0) 30 82.00 5.83 ± 0.24 50.58 4.02 ± 0.01 24.37 ± 0.09

10 (0) 20 (0) 30 84.00 4.28 ± 0.26 50.26 3.39 ± 0.11 28.36 ± 1.34

À¡“¬‡Àμÿ ns À¡“¬∂÷ß §à“‡©≈’Ë¬‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (p > 0.05)
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‡¡◊ËÕπ”º≈°“√∑¥≈Õß∑—ÈßÀ¡¥¡“«‘‡§√“–ÀåÀ“ ¡°“√∂¥∂Õ¬ ´÷Ëß ¡°“√¥—ß°≈à“«®–Õ∏‘∫“¬§«“¡
 —¡æ—π∏å√–À«à“ßμ—«·ª√Õ‘ √– (ª√‘¡“≥‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°) ·≈–μ—«·ª√μ“¡ (§ÿ≥¿“æ¥â“πμà“ßÊ
¢Õßº≈‘μ¿—≥±å) ∑”°“√‡≈◊Õ°μ—«·ª√Õ‘ √–‡¢â“¡“„π‚§√ß √â“ß¢Õß ¡°“√ ·≈â«§—¥‡≈◊Õ°‡©æ“–μ—«·ª√Õ‘ √–∑’Ë
¡’º≈μàÕμ—«·ª√μ“¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘‡∑à“π—Èπ (p ≤ 0.05) ‡æ◊ËÕ„Àâ‰¥â ¡°“√∑’Ë¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë
 “¡“√∂Õ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√Õ‘ √–·≈–μ—«·ª√μ“¡∑’Ë∂Ÿ°μâÕß ·≈–¡’§à“ Adjusted R2  Ÿß
(> 65%) ÷́Ëß‡ªìπ§à“· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√Õ‘ √–·≈–μ—«·ª√μ“¡∑’Ë»÷°…“ ‚¥¬∑’Ë Adjusted R2

¬‘Ëß ŸßÀ¡“¬§«“¡«à“ ¡°“√∂¥∂Õ¬π—Èπ “¡“√∂∑”π“¬º≈°“√μÕ∫ πÕß‰¥â¥’ [11]  ¡°“√∂¥∂Õ¬∑’Ë«‘‡§√“–Àå
‰¥â· ¥ß¥—ßμ“√“ß∑’Ë 4 ®“° ¡°“√æ∫«à“ª√‘¡“≥‡®≈“μ‘π·≈–°—¡Õ–√“∫‘° ¡’º≈μàÕ§à“ ’ L*, b*, ª√‘¡“≥
√âÕ¬≈–º≈º≈‘μ √âÕ¬≈–¢Õßª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—°¢Õß‰¡‚§√·§ª´Ÿ≈ ·≈–ª√‘¡“≥ citronellal
(¡‘≈≈‘°√—¡μàÕ°√—¡‰¡‚§√·§ª Ÿ́≈) Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) ·≈–∑ÿ°μ—«·ª√¡’§à“ lack of fit
‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (p > 0.05) ‚¥¬„™â ∂‘μ‘ ANOVA „π°“√«‘‡§√“–Àå

μ“√“ß∑’Ë 4  ¡°“√∂Õ¥∂Õ¬∑’Ë¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p ≤ 0.05) · ¥ß§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√Õ‘ √–¢Õß
°“√‡°Á∫°—°¥â«¬‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ

§ÿ≥≈—°…≥–  ¡°“√∂¥∂Õ¬ Adjusted R2 P-value Lack of fit

L* = 40.020 + 0.313X1 + 1.758X2 › 0.8644 0.0149 0.2435

0.028X1
2
 › 0.038X2

2
  + 0.038X1X2

b* = 58.255 › 0.222X1 › 0.296X2 0.9539 0.0001 0.0528

√âÕ¬≈–º≈º≈‘μ = 79.868 + 0.494X1 › 0.183X2 0.7173 0.0120 0.2793

√âÕ¬≈–ª√– ‘∑∏‘¿“æ°“√‡°Á∫°—° = 289.494 › 3.690X1 › 12.647X2 0.9262 0.0046 0.0605

¢Õß‰¡‚§√·§ª Ÿ́≈ + 0.062X1
2
  + 0.175XX2

2
  + 0.053X1X2

ª√‘¡“≥ citronellal (mg/g) = 28.264 + 0.151X1 › 0.548X2 0.6501 0.0253 0.0708

À¡“¬‡Àμÿ  X1 = ‡®≈“μ‘π; X2 = °—¡Õ–√“∫‘°

®“°√Ÿª∑’Ë 1 ·≈– ¡°“√∂¥∂Õ¬„πμ“√“ß∑’Ë 4  “¡“√∂Õ∏‘∫“¬‰¥â«à“ §à“ ’ L* ®–¡’§à“‡æ‘Ë¡ Ÿß¢÷Èπ
‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°∂÷ß√âÕ¬≈– 20 ·≈– 30 μ“¡≈”¥—∫ (¡’§à“§«“¡ «à“ß‡æ‘Ë¡¡“°¢÷Èπ) ®“°
π—Èπ§à“ L* ®–¡’§à“≈¥≈ß ‚¥¬®“°º≈°“√∑¥≈Õß æ∫«à“ §à“ b* ¡’§à“‡ªìπ∫«° ´÷ËßÀ¡“¬∂÷ß §«“¡‡ªìπ ’‡À≈◊Õß
‚¥¬§à“ b* ®–¡’§à“≈¥≈ß‡¡◊ËÕ¡’ª√‘¡“≥‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ (§«“¡‡ªìπ ’‡À≈◊Õß≈¥≈ß) π—Ëπ§◊Õ
‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°¡’º≈‡ªìπ≈∫μàÕ§à“ ’ b* Õ—π‡π◊ËÕß¡“®“°‡¡◊ËÕ¡’ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß«— ¥ÿ‡°Á∫°—°
∑’Ë‡æ‘Ë¡ Ÿß¡“°¢÷Èπ„π¢≥–∑’Ë “√∑’Ë∂Ÿ°‡°Á∫°—°§◊ÕπÈ”¡—π„∫¡–°√Ÿ¥∑’Ë¡’≈—°…≥–‡ªìπ ’‡À≈◊Õß‡¢â¡¡’§«“¡‡¢â¡¢âπ
ª√‘¡“≥‡∑à“‡¥‘¡ ∑”„Àâ ’¢Õß “√ °—¥¡’§à“§«“¡‡ªìπ ’‡À≈◊Õß∑’Ë≈¥≈ß®“°°“√‡®◊Õ®“ß¥â«¬§«“¡‡¢â¡¢âπ∑’Ë‡æ‘Ë¡ Ÿß
¢÷Èπ¢Õß«— ¥ÿ‡°Á∫°—° ´÷Ëß Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß [6, 12] ·≈–√âÕ¬≈–¢Õßª√– ‘∑∏‘¿“æ°“√‡°Á∫°—°¢Õß
‰¡‚§√·§ª´Ÿ≈ æ∫«à“ ª√‘¡“≥‡®≈“μ‘π¡’º≈‡ªìπ≈∫‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥∂÷ß√âÕ¬≈– 25 ·≈–®–¡’º≈‡ªìπ∫«°‡¡◊ËÕ¡’
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ª√‘¡“≥‡®≈“μ‘π¡“°°«à“√âÕ¬≈– 25  à«πª√‘¡“≥°—¡Õ–√“∫‘°¡’º≈‡ªìπ≈∫μàÕ√âÕ¬≈–¢Õßª√– ‘∑∏‘¿“æ°“√‡°Á∫
°—°¢Õß‰¡‚§√·§ª Ÿ́≈ ·≈–æ∫«à“√âÕ¬≈–º≈º≈‘μ ·≈–ª√‘¡“≥ citronellal ®–¡’§à“‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥
‡®≈“μ‘π ·≈–≈¥ª√‘¡“≥°—¡Õ–√“∫‘° π—Ëπ§◊Õ ª√‘¡“≥‡®≈“μ‘π¡’º≈‡ªìπ∫«° ·≈–ª√‘¡“≥°—¡Õ–√“∫‘°¡’º≈‡ªìπ
≈∫μàÕ√âÕ¬≈–º≈º≈‘μ ·≈–ª√‘¡“≥ citronellal

√Ÿª∑’Ë 1 (°) §à“ ’ L* (¢) §à“ b* (§) ª√‘¡“≥√âÕ¬≈–º≈º≈‘μ (ß) √âÕ¬≈–¢Õßª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—°
¢Õß‰¡‚§√·§ª´Ÿ≈ ·≈– (®) ª√‘¡“≥ citronellal
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®“°°“√»÷°…“¢Õß [13] æ∫«à“ ª√– ‘∑∏‘¿“æ°“√‡°Á∫°—°∑’Ë¥’§«√®–μâÕß¡“°°«à“√âÕ¬≈– 80
‚¥¬·π«‚πâ¡¢Õß√âÕ¬≈–ª√– ‘∑∏‘¿“æ„π°“√‡°Á∫°—° ®“°ß“π«‘®—¬ [7] æ∫«à“ ª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—°
¢Õß‰¡‚§√·§ª´Ÿ≈®–‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕ¡’§«“¡‡¢â¡¢âπ¢Õß«— ¥ÿ‡°Á∫°—°∑’Ë Ÿß¢÷Èπ ·μà„π°√≥’∑’Ë«— ¥ÿ‡°Á∫°—°‡ªìπ
‡®≈“μ‘π°—∫°—¡Õ–√“∫‘°°≈—∫æ∫«à“ ‡¡◊ËÕª√‘¡“≥‡®≈“μ‘π‡æ‘Ë¡ Ÿß¢÷Èπ®–∑”„Àâº≈‘μ¿—≥±å∑’Ë‰¥â¡’§«“¡À¬◊¥À¬ÿàπ¡“°
¡’§«“¡™◊Èπ Ÿß ·≈–‰¡à “¡“√∂∫¥‡ªìπºß‰¥â [6] ÷́Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß∑’Ë‰¥â πÕ°®“°π’È¬—ßæ∫«à“
‡¡◊ËÕ¡’ª√‘¡“≥æÕ≈‘‡¡Õ√å∏√√¡™“μ‘ (natural biopolymer) §«“¡‡¢â¡¢âπ Ÿß®–∑”„ÀâÕ‘¡—≈™—π‡ ∂’¬√ ∑”„Àâ‡°‘¥
øÕ√å¡¢Õß‰¡‚§√·§ª Ÿ́≈∑’Ë·¢Áß·√ß ·≈–Õ—μ√“ à«π¢Õß«— ¥ÿ‡°Á∫°—°μàÕ “√·°π°≈“ß °Á¡’º≈μàÕª√– ‘∑∏‘¿“æ
„π°“√‡°Á∫°—°‡™àπ‡¥’¬«°—π ‚¥¬Õ—μ√“ à«π¢Õß«— ¥ÿ‡°Á∫°—°®–μâÕß¡“°°«à“ “√·°π°≈“ß‡ ¡Õ [14] ·≈–
®“°°“√»÷°…“Õ—μ√“ à«π¢Õß«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—° æ∫«à“ Õ—μ√“ à«π¢Õß‡®≈“μ‘πμàÕ°—¡Õ–√“∫‘°∑’Ë‡∑à“°—∫ 1:1
‡ªìπÕ—μ√“ à«π∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ‡π◊ËÕß®“°‡®≈“μ‘π∑”Àπâ“∑’Ë‡ªìπª√–®ÿ∫«°·≈–°—¡Õ–√“∫‘°∑”Àπâ“∑’Ë‡ªìπª√–®ÿ
≈∫‡¡◊ËÕ¡’Õ—μ√“ à«π∑’Ë‡∑à“°—π®–∑”„Àâ‡°‘¥§«“¡ ¡¥ÿ≈¢Õßª√–®ÿ À“°„™âÕ—μ√“ à«π∑’Ë¡“°°«à“π’È®–∑”„Àâª√–®ÿ√«¡
‰¡à ¡¥ÿ≈ ´÷Ëß¡’º≈μàÕ§à“ª√‘¡“≥√âÕ¬≈–º≈º≈‘μ¢Õß‰¡‚§√·§ª´Ÿ≈ [15]  à«πª√‘¡“≥ citronellal π—Èπ
‡ªìπ “√∑’Ë„™â‡ªìπ “√·°π°≈“ßÕ∏‘∫“¬‰¥â‚¥¬ª√‘¡“≥ ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—°¢Õß‰¡‚§√·§ª´Ÿ≈ π—Ëπ§◊Õ
‡¡◊ËÕ¡’ª√‘¡“≥æÕ≈‘‡¡Õ√å∑’Ë∑”Àπâ“∑’Ë‡ªìπ«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—°∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß¢÷Èπ∑”„ÀâæÕ≈‘‡¡Õ√å “¡“√∂
øÕ√å¡μ—«‰¥â¥’ ‡°‘¥‚§√ß √â“ß∑’Ë·¢Áß·√ß¢Õß‰¡‚§√·§ª´Ÿ≈∑’Ë “¡“√∂‡°Á∫°—° “√·°π°≈“ß‰¥â¥’ [8]

‡¡◊ËÕÀ“ ¿“«–∑’Ë‡À¡“– ¡‚¥¬°“√ √â“ß¿“æ overlay plot ¥â«¬‚ª√·°√¡ Design Expert
(Design Expert version 6.0.2, Stat-Ease Inc.) ‚¥¬°“√°”Àπ¥§à“ ’ L* ·≈– b* „ÀâÕ¬Ÿà„π™à«ß§à“∑’Ë‰¥â
®“°°“√∑¥≈Õß ·≈–°”Àπ¥§à“ª√‘¡“≥√âÕ¬≈–º≈º≈‘μ √âÕ¬≈–¢Õßª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—°¢Õß‰¡‚§√
·§ª´Ÿ≈ ·≈–ª√‘¡“≥ citronellal „Àâ‡¢â“„°≈â§à“ Ÿß ÿ¥ æ∫«à“ ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫°“√‡°Á∫°—° “√„Àâ°≈‘Ëπ
√ ®“°„∫¡–°√Ÿ¥ æ∫«à“¡’ª√‘¡“≥‡®≈“μ‘πÕ¬Ÿà„π™à«ß√âÕ¬≈– 15.32›22.49 ·≈–¡’ª√‘¡“≥√âÕ¬≈–¢Õß°—¡Õ–∫‘°
Õ¬Ÿà„π™à«ß√âÕ¬≈– 20.00›21.66 μ“¡≈”¥—∫ ·≈–‰¥â‡≈◊Õ°®ÿ¥∑’Ë‡À¡“– ¡∑’Ë®–„™â ”À√—∫°“√∑¥≈Õß §◊Õ ¡’ª√‘¡“≥
‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°‡¢â¡¢âπ√âÕ¬≈– 20 ¥—ß√Ÿª∑’Ë 2 ‚¥¬∑’Ë ¿“«–π’È¡’§à“ ’ L* b* ª√‘¡“≥√âÕ¬≈–º≈º≈‘μ
√âÕ¬≈–¢Õßª√– ‘∑∏‘¿“æ¢Õß°“√‡°Á∫°—°¢Õß‰¡‚§√·§ª Ÿ́≈ ·≈–ª√‘¡“≥ citronellal ‡∑à“°—∫ 70.21, 48.09,
85.59, 38.95 ·≈– 20.16 μ“¡≈”¥—∫
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√Ÿª∑’Ë 2 √–¥—∫¢Õß‡®≈“μ‘π·≈–°—¡Õ–√“∫‘° (æ◊Èπ∑’Ë ’‡À≈◊Õß) ∑’Ë‡À¡“– ¡ ”À√—∫°“√º≈‘μ‰¡‚§√·§ª´Ÿ≈‡°Á∫
°—° “√„Àâ°≈‘Ëπ√ ®“°πÈ”¡—πÀÕ¡√–‡À¬®“°„∫¡–°√Ÿ¥¥â«¬‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ

‡¡◊ËÕμ√«® Õ∫§ÿ≥¿“æ¢Õß°“√‡°Á∫°—° “√„Àâ°≈‘Ëπ√ ®“°„∫¡–°√Ÿ¥¥â«¬‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π
‡™‘ß´âÕπ∑’Ë„™âª√‘¡“≥§«“¡‡¢â¡¢Õß‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°√âÕ¬≈– 20 ®“°°“√∑”π“¬·≈–§à“∑’Ë‰¥â®“°°“√∑¥≈Õß
æ∫«à“ ¡’§«“¡·μ°μà“ß°—ππâÕ¬°«à“ 10% ¥—ßμ“√“ß∑’Ë 5  Õ¥§≈âÕß°—∫ [16] ∑’Ë°≈à“««à“§«“¡§≈“¥‡§≈◊ËÕπ
¢Õß§à“∑’Ë‰¥â®“°°“√∑¥≈Õß·≈–§à“∑’Ë‰¥â®“°°“√∑”π“¬π—Èπ®–μâÕß¡’§«“¡·μ°μà“ß°—ππâÕ¬°«à“ 10% ®÷ß®–
‡À¡“– ¡μàÕ°“√∑”π“¬¢Õß ¡°“√

μ“√“ß∑’Ë 5 º≈°“√‡ª√’¬∫‡∑’¬∫§ÿ≥¿“æ¢Õß‰¡‚§√·§ª´Ÿ≈°—°‡°Á∫ “√ °—¥®“°„∫¡–°√Ÿ¥¥â«¬‡∑§π‘§‚§Õ–
‡´Õ√å‡«™—π‡™‘ß´âÕπ‚¥¬„™â ¿“«–∑’Ë‡À¡“– ¡®“°°“√∑”π“¬·≈–°“√∑¥≈Õß ·≈–§à“√âÕ¬≈–
§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë‰¥â®“°°“√‡ª√’¬∫‡∑’¬∫

§à“ —ß‡°μ §à“∑’Ë‰¥â®“°°“√∑”π“¬ §à“∑’Ë‰¥â®“°°“√∑¥≈Õß §«“¡§≈“¥‡§≈◊ËÕπ (%)

L* 70.21 65.29 7.53

b* 47.86 51.09 6.32

√âÕ¬≈–º≈º≈‘μ 86.08 84.89 1.40

√âÕ¬≈–ª√– ‘∑∏‘¿“æ°“√‡°Á∫°—°¢Õß‰¡‚§√·§ª Ÿ́≈ 78.63 80.25 2.02

ª√‘¡“≥ citronellal (mg/g) 20.29 20.38 0.44



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 36 ©∫—∫∑’Ë 2 ∏—π«“§¡ (2563) 121

®“°°“√∑¥≈Õßæ∫«à“  ¿“«–∑’Ë‡À¡“– ¡¢Õß°“√‡°Á∫°—° “√„Àâ°≈‘Ëπ√ ®“°„∫¡–°√Ÿ¥¥â«¬‡∑§π‘§
‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ∑’Ë„™â‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°‡ªìπ«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—° æ∫«à“ μâÕß„™âª√‘¡“≥§«“¡
‡¢â¡¢âπ¢Õß‡®≈“μ‘π·≈–°—¡Õ–√“∫‘° ¥â«¬Õ—μ√“ à«π 1:1 ®÷ß®–‡À¡“– ¡μàÕ°“√‡°Á∫°—°¥â«¬«‘∏’π’È·≈–„™â‡®≈“μ‘π
·≈–°—¡Õ–√“∫‘°‡ªìπ«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—° ´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß [6-7, 14-15, 17-18] ∑’Ë°≈à“«
«à“ª√‘¡“≥∑’Ë‡À¡“– ¡¢Õß°“√„™â‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°‡ªìπ«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—°¥â«¬‡∑§π‘§‚§Õ–‡´Õ√å
‡«™—πμâÕß„™âÕ—μ√“ à«π¢Õß‡®≈“μ‘π·≈–°—¡Õ–∫‘°‡ªìπ 1:1 ‡π◊ËÕß®“°‡®≈“μ‘π∑”Àπâ“∑’Ë‡ªìπª√–®ÿ∫«°·≈–
°—¡Õ–√“∫‘°∑”Àπâ“∑’Ë‡ªìπª√–®ÿ≈∫‡¡◊ËÕ¡’Õ—μ√“ à«π∑’Ë‡∑à“°—π®–∑”„Àâ‡°‘¥§«“¡ ¡¥ÿ≈¢Õßª√–®ÿ ·≈–„™â
Õ—μ√“ à«π¢Õßª√‘¡“≥ “√∑’Ë„™â„π°“√‡°Á∫°—°μàÕª√‘¡“≥«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—°‡∑à“°—∫ 1:2 ´÷Ëß Õ¥§≈âÕß°—∫
º≈°“√∑¥≈Õß∑’Ë‰¥â

‡¡◊ËÕπ”º≈‘μ¿—≥±å ÿ¥∑â“¬∑’Ë‰¥â®“°°“√»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡ ‚¥¬‡≈◊Õ°®ÿ¥∑’Ë‡À¡“– ¡‚¥¬„™â
Õ—μ√“ à«π¢Õß«— ¥ÿ‡°Á∫°—° §◊Õ ‡®≈“μ‘πμàÕ°—¡Õ–√“∫‘°‡∑à“°—∫ 1:1 (20:20 w/w) ·≈–„™â “√·°π°≈“ß‡ªìπ
πÈ”¡—πÀÕ¡√–‡À¬®“°„∫¡–°√Ÿ¥∑’Ë§«“¡‡¢â¡¢âπ 10% ‚¥¬¡’Õ—μ√“ à«π¢Õß«— ¥ÿ‡°Á∫°—°μàÕ “√·°π°≈“ß‡∑à“°—∫
2:1 ∑”„Àâ‰¥â√Ÿª√à“ß≈—°…≥–∑“ß —≥∞“π¢Õß‰¡‚§√·§ª Ÿ́≈∑’Ëº≈‘μ‰¥â®–¡’√Ÿª∑√ß∑’Ë‰¡à·πàπÕπ·≈–¡’À≈“°À≈“¬
¢π“¥ ‚¥¬¡’≈—°…≥–‡ªìπ·ºàπÀ√◊Õ‡°≈Á¥ ‚¥¬‚§√ß √â“ß¥—ß°≈à“«∑”„Àâ‰¡‚§√·§ª´Ÿ≈ “¡“√∂·∑√°μ—«Õ¬Ÿà
¿“¬„π™àÕß«à“ß¢Õß·μà≈–Õπÿ¿“§‰¥â¥’ æ∫«à“ ∑’Ë°”≈—ß¢¬“¬ 1500x ®–‡ÀÁπ«à“æ◊Èπ∑’Ëº‘«¢Õßº≈‘μ¿—≥±å¡’≈—°…≥–
√«¡μ—«°—π‡ªìπ·ºàπÀ√◊Õ‡ªìπ°âÕπ·≈–æ∫«à“¡’≈—°…≥–¢√ÿ¢√– ·μà‡¡◊ËÕ‡æ‘Ë¡°”≈—ß¢¬“¬‡ªìπ 4500x æ∫«à“ ¡’
‰¡‚§√·§ª Ÿ́≈∑’Ë¡’≈—°…≥–‡ªìπ∑√ß°≈¡À√◊Õ∑√ß√’∑’Ë·∑√°μ—«Õ¬Ÿà„πÕπÿ¿“§π—ÈπÊ ·≈–‰¡à¡’°“√·μ°¢Õß‡ª≈◊Õ°
 “√ÀàÕÀÿâ¡ ´÷Ëß∂◊Õ«à“‡ªìπ≈—°…≥–¢Õß°“√‡°Á∫°—°∑’Ë¥’  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Pakzad ·≈–§≥– [7] °—∫
Peng ·≈–§≥– [19] ¥—ß√Ÿª∑’Ë 3

(°) (¢)
√Ÿª∑’Ë 3 ≈—°…≥– —≥∞“π¢Õß‰¡‚§√·§ª´Ÿ≈∑’Ëæ—≤π“‰¥â‚¥¬„™â‡®≈“μ‘π·≈–°—¡Õ–√“∫‘°√âÕ¬≈– 20 ¿“¬„μâ

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫ àÕß°√“¥ (°) ∑’Ë°”≈—ß¢¬“¬ 1500 ‡∑à“ ·≈– (¢) ∑’Ë°”≈—ß¢¬“¬
4500 ‡∑à“



SWU Sci. J. Vol. 36 No. 2 (2020)122

 √ÿª·≈–Õ¿‘ª√“¬º≈
°“√»÷°…“°“√‡°Á∫°—° “√ °—¥®“°„∫¡–°√Ÿ¥¥â«¬‡∑§π‘§‚§Õ–‡´Õ√å‡«™—π‡™‘ß´âÕπ æ∫«à“ —¥ à«π∑’Ë

‡À¡“– ¡¢Õß‡®≈“μ‘π·≈–°—¡Õ–√“∫‘° ‡∑à“°—∫ Õ—μ√“ à«π√âÕ¬≈– 20 μàÕ 20 (w/w) (Õ—μ√“ à«π 1 μàÕ 1)
‡π◊ËÕß®“°‡®≈“μ‘π¡’ª√–®ÿ∫«°·≈–°—¡Õ–√“∫‘°¡’ª√–®ÿ≈∫ ‡¡◊ËÕ¡’Õ—μ√“ à«π∑’Ë‡∑à“°—π®–∑”„Àâª√–®ÿ„π√–∫∫¡’§«“¡
·≈–¡’Õ—μ√“ à«π¢Õß«— ¥ÿ‡°Á∫°—°μàÕ “√·°π°≈“ß‡∑à“°—∫ 2 μàÕ 1 ‡¡◊ËÕ¡’ª√‘¡“≥æÕ≈‘‡¡Õ√å∑’Ë∑”Àπâ“∑’Ë‡ªìπ
«— ¥ÿ∑’Ë„™â„π°“√‡°Á∫°—°∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß¢÷Èπ∑”„ÀâæÕ≈‘‡¡Õ√å “¡“√∂øÕ√å¡μ—«‰¥â¥’ ‡°‘¥‚§√ß √â“ß∑’Ë·¢Áß·√ß
¢Õß‰¡‚§√·§ª´Ÿ≈∑’Ë “¡“√∂‡°Á∫°—° “√·°π°≈“ß‰¥â¥’ ‚¥¬‰¡‚§√·§ª Ÿ́≈∑’Ë‰¥â¡’√Ÿª∑√ß∑’Ë‰¡à·πàπÕπ·≈–¡’
À≈“°À≈“¬¢π“¥ ‚¥¬¡’≈—°…≥–‡ªìπ·ºàπÀ√◊Õ‡°≈Á¥ ‚¥¬‚§√ß √â“ß¥—ß°≈à“«∑”„Àâ‰¡‚§√·§ª´Ÿ≈ “¡“√∂
·∑√°μ—«Õ¬Ÿà¿“¬„π™àÕß«à“ß¢Õß·μà≈–Õπÿ¿“§‰¥â¥’ ·≈–‡¡◊ËÕ‡æ‘Ë¡°”≈—ß¢¬“¬°Á®–‡ÀÁπ«à“≈—°…≥–¢Õß‰¡‚§√
·§ª´Ÿ≈¡’≈—°…≥–‡ªìπ∑√ß°≈¡À√◊Õ√’·∑√°μ—«Õ¬Ÿà„πÕπÿ¿“§

°‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°‚§√ß°“√æ—≤π“π—°«‘®—¬·≈–ß“π«‘®—¬‡æ◊ËÕÕÿμ “À°√√¡-æ«Õ. ·≈–

¢Õ¢Õ∫§ÿ≥§≥“®“√¬å ∫ÿ§§≈“°√ ·≈–§≥–Õÿμ “À°√√¡‡°…μ√ ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ∑’Ë‰¥â„Àâ°“√ π—∫ πÿπ
„π¥â“π ∂“π∑’Ë Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ„π°“√¥”‡π‘π°“√«‘®—¬π’È
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