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Bioplastics: Innovation of Green Products

Peechapack Somyoonsap*

ABSTRACT

In recent times, plastics have been used to substitute natural products in many areas
and have become an indispensable part of our lives. Synthetic plastics derived from petroleum
do not degrade naturally and this leads to increasing environmental problems with waste
management. These materials increase the global warming and pollution. Biodegradable plastic
is an alternative way to solve global environmental problems. Bioplastics are degraded by
microorganisms in the natural environmental and produce microbial metabolic end-products
such as water, carbon dioxide and methane (in the case of anaerobic degradation). To date, some
bioplastic types have been developed. Polycaprolactone (PCL), polylactic acid (PLA), polybutylene
succinate (PBS) and polybutylene succinate-co-adipate (PBSA) are the most important materials
used in commercial biodegradable plastics. Thus, this article reviews the types of bioplastics
and biodegradation processes along with microorganisms screening.
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∫∑π”
°“√‡æ‘Ë¡¢÷Èπ¢Õßª√–™“°√„π‚≈°∑’Ë Ÿß¢÷Èππ”‰ª Ÿà°“√ – ¡¢Õß‡ ’¬µà“ßÊ ¡“°¡“¬∑—Èß∑’Ë “¡“√∂

¬àÕ¬ ≈“¬‰¥â‡Õß·≈–‰¡à “¡“√∂¬àÕ¬ ≈“¬‰¥âµ“¡∏√√¡™“µ‘ ‡™àπ æ≈“ µ‘°∑’Ë‡√“„™â°—πÕ¬Ÿà„π™’«‘µª√–®”«—π

‡¡◊ËÕ – ¡„π ‘Ëß·«¥≈âÕ¡®”π«π¡“° ®–∑”„Àâ™—Èπ∫√√¬“°“»¢Õß‚≈°‡°‘¥°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß√«¥‡√Á«·≈–

‡ªìπ “‡ÀµÿÀπ÷Ëß∑’Ë∑”„Àâ‡°‘¥ ¿“«–‚≈°√âÕπ ‡π◊ËÕß®“°æ≈“ µ‘°¬àÕ¬ ≈“¬‰¥â¬“° µâÕß„™â‡«≈“π“π∂÷ßÀ≈“¬

≈â“πªï„π°“√¬àÕ¬ ≈“¬ ‡¡◊ËÕπ”¡“‡º“°Á®–∑”„Àâ‡°‘¥¡≈æ‘…·≈–‡°‘¥ ¿“«–‡√◊Õπ°√–®°‡æ‘Ë¡¡“°¢÷Èπ ‡™àπ °ä“´

§“√å∫Õπ‰¥ÕÕ°‰´¥å ´÷Ëß∂â“¡’ª√‘¡“≥ Ÿß ®–¢÷Èπ Ÿà™—Èπ∫√√¬“°“»∑”„Àâ –∑âÕπ§«“¡√âÕπ®“°æ◊Èπ‚≈°ÕÕ°‰ª¬—ß

πÕ°‚≈°‰¥â‰¡à∑—π ®÷ß°àÕ„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ¿“«–∑“ßÕ“°“» æ≈“ µ‘°∑’Ë„™â°—πÕ¬Ÿà∑—Ë«‚≈°º≈‘µ®“° “√

ªî‚µ√‡§¡’ªï≈–ª√–¡“≥ 140 ≈â“πµ—π ´÷Ëßæ≈“ µ‘°∑’Ë„™â·≈â«·≈–∑’Ë‡À≈◊Õ„™â à«π„À≠à®–¬àÕ¬ ≈“¬‚¥¬

®ÿ≈‘π∑√’¬å„π∏√√¡™“µ‘‰¥â¬“° ‡π◊ËÕß®“°¡’‚§√ß √â“ß∑’Ë´—∫´âÕπ ·≈–®ÿ≈‘π∑√’¬å¬—ß‰¡à “¡“√∂ª√—∫µ—«„π°“√º≈‘µ

‡Õπ‰´¡å∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√¬àÕ¬ ≈“¬ “√æÕ≈‘‡¡Õ√å —ß‡§√“–Àåπ’È‰¥â ‡ªìπº≈„Àâ¡’°“√ – ¡¢Õßæ≈“ µ‘°

‡À≈à“π’ÈÕ¬Ÿà‡ªìπ®”π«π¡“°„π ‘Ëß·«¥≈âÕ¡ [1]

æ≈“ µ‘° ‡ªìπ “√ —ß‡§√“–Àåª√–‡¿∑æÕ≈‘‡¡Õ√å∑’Ë √â“ß¢÷Èπ¡“®“° “√ª√–°Õ∫Õπ‘π∑√’¬å·≈–Õ‘π∑√’¬å

¢Õß §“√å∫Õπ ´‘≈‘§Õπ ‰Œ‚¥√‡®π ‰π‚µ√‡®π ÕÕ°´‘‡®π ·≈–§≈Õ‰√¥å ‚¥¬ºà“π°√–∫«π°“√ polymerization

(polyaddition À√◊Õ poly-condensation) «—µ∂ÿ¥‘∫‡√‘Ë¡µâπ∑’Ë„™â∑”æ≈“ µ‘°®– °—¥¡“®“°πÈ”¡—π ∂à“πÀ‘π

À√◊Õ°ä“´∏√√¡™“µ‘ [2] ‚¥¬∑—Ë«‰ª®–·∫àßæ≈“ µ‘°ÕÕ°‡ªìπ 2 °≈ÿà¡ §◊Õ thermoplastic ·≈– thermoset

plastic [3] ‚¥¬ thermoplastic ‡ªìπæ≈“ µ‘°∑’Ë≈–≈“¬‡ªìπ¢Õß‡À≈«‰¥â‡¡◊ËÕ‚¥π§«“¡√âÕπÀ√◊Õ§«“¡‡¬Áπ®—¥

¡’§«“¡‡ª√“–∫“ß ·µ°ßà“¬ ‚¡‡≈°ÿ≈¢π“¥„À≠à  “¡“√∂π”°≈—∫¡“„™â„À¡à‰¥âÕ’°§√—Èß ¡’≈—°…≥–‡ªìπ‚´àµ√ß

(linear chain) ‡°‘¥®“°‚¡‡≈°ÿ≈‡¥’Ë¬«‡™◊ËÕ¡µàÕ°—π·∫∫ª≈“¬µàÕª≈“¬ (end-to-end) µ√ßµ”·Àπàß§“√å∫Õπ

¥â«¬·√ß¬÷¥‡Àπ’Ë¬«√–À«à“ß‚¡‡≈°ÿ≈™π‘¥µà“ßÊ ‡™àπ ·√ß·«π‡¥Õ√å«“≈≈å (Van der Waals), ·√ß¥÷ß¥Ÿ¥√–À«à“ß¢—È«

(dipole-dipole interactions) ·≈– æ—π∏–‰Œ‚¥√‡®π (hydrogen bond) [4] ´÷Ëß®–‡ª≈’Ë¬π·ª≈ßµ“¡

Õÿ≥À¿Ÿ¡‘·≈–√–¬–Àà“ß√–À«à“ß‚¡‡≈°ÿ≈ µ—«Õ¬à“ß thermoplastic ‡™àπ polyethylene, nylon ·≈– polystyrene

(aromatic rings) ‡ªìπµâπ æ≈“ µ‘°Õ’°ª√–‡¿∑§◊Õ thermoset plastic ‡ªìπæ≈“ µ‘°∑’Ë¡’§«“¡·¢Áß·√ß

∑π∑“π ·≈–¡’√Ÿª√à“ß∂“«√ ‡¡◊ËÕºà“π°√–∫«π°“√º≈‘µ¥â«¬§«“¡√âÕπ·≈–·√ßÕ—¥®–‰¡à “¡“√∂À≈Õ¡≈–≈“¬

‡æ◊ËÕπ”°≈—∫¡“º≈‘µ„À¡à‰¥â ‡π◊ËÕß®“°§«“¡√âÕπ„π°√–∫«π°“√ polymerization ®–∑”„Àâ‡°‘¥°“√√«¡µ—«°—π

(condensation) √–À«à“ß‚¡‡≈°ÿ≈∑’Ë¡“‡™◊ËÕ¡µàÕ°—π ·≈–ª≈¥ª≈àÕ¬º≈‘µ¿—≥±å¢â“ß‡§’¬ß (by-products)

∑’Ë‡ªìπ “√‚¡‡≈°ÿ≈‡≈Á°Ê ÕÕ°¡“ ‡™àπ πÈ” ·≈– HCl [5] ∑”„Àâ‰¡à “¡“√∂§◊π ¿“æ‡¥‘¡‰¥â [6] µ—«Õ¬à“ß¢Õß

thermoset plastic ‡™àπ polyester, polyurethane ·≈– melamine ‡ªìπµâπ ¥—ßπ—Èπ°“√ – ¡¢Õß

æ≈“ µ‘°∑’Ë„™â·≈â«·≈–∑’Ë‡À≈◊Õ„™â®”π«π¡“°®÷ß‡ªìπªí≠À“„π°“√°”®—¥æ≈“ µ‘° √«¡∑—Èßªí≠À“∑“ß¥â“π ‘Ëß·«¥≈âÕ¡

·≈–‡»√…∞°‘® ¥â«¬‡Àµÿº≈π’È∑”„Àâπ—°«‘∑¬“»“ µ√å„πÀ≈“¬Ê ª√–‡∑»®÷ß‡√‘Ë¡∑”°“√»÷°…“·≈–«‘®—¬À“º≈‘µ-

¿—≥±å„À¡àÊ ∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â‡Õßµ“¡∏√√¡™“µ‘·≈–‰¡à‡°‘¥°“√ – ¡„π ‘Ëß·«¥≈âÕ¡ [7] ‚¥¬„πªí®®ÿ∫—π

∑—Èß¿“§√—∞·≈–‡Õ°™π‰¥â¡’°“√√à«¡√≥√ß§å°—πß¥„™â∂ÿßæ≈“ µ‘° ·≈–‰¥â‡√‘Ë¡¡’°“√»÷°…“«‘®—¬§‘¥§âπæ≈“ µ‘°

™’«¿“æ¢÷Èπ¡“´÷ËßπÕ°®“°®–‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡·≈â«¬—ß “¡“√∂¬àÕ¬ ≈“¬‰¥â‡Õßµ“¡∏√√¡™“µ‘‚¥¬Õ“»—¬
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°≈‰°°“√¬àÕ¬ ≈“¬¥â«¬‡Õπ‰´¡å·≈–®ÿ≈‘π∑√’¬å„π∏√√¡™“µ‘ ‡¡◊ËÕ¬àÕ¬ ≈“¬À¡¥®–‰¥âº≈‘µ¿—≥±å‡ªìπ
πÈ” °ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å ¡«≈™’«¿“æ (biomass) ·≈– °ä“´¡’‡∑π [8] ÷́Ëß ‘Ëß‡À≈à“π’È®–∂Ÿ°π”‰ª„™â„π
°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√¥”√ß™’«‘µ¢Õßæ◊™µàÕ‰ª‚¥¬‰¡à àßº≈‡ ’¬µàÕ ‘Ëß·«¥≈âÕ¡·≈–∂÷ß·¡â®–ª≈¥ª≈àÕ¬°ä“´
‡√◊Õπ°√–®°·µà°Á¡’ª√‘¡“≥∑’Ë§àÕπ¢â“ßµË”‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√º≈‘µæ≈“ µ‘°®“°ªî‚µ√‡§¡’

æ≈“ µ‘°™’«¿“æ
æ≈“ µ‘°™’«¿“æ (bioplastics) À¡“¬∂÷ßæ≈“ µ‘°∑’Ë¬àÕ¬ ≈“¬‰¥â´÷Ëßº≈‘µ¢÷Èπ®“°«— ¥ÿ∑“ß

∏√√¡™“µ‘ ‡™àπ ÕâÕ¬ ¢â“«‚æ¥ ¡—π ”ª–À≈—ß ·ªÑß ‚ª√µ’π®“°∂—Ë« ‡ªìπµâπ ·∫àßÕÕ°‡ªìπ 2 ª√–‡¿∑§◊Õ
ª√–‡¿∑·√°‡ªìπæ≈“ µ‘°∑’Ë¡’ à«πº ¡¢ÕßæÕ≈‘‡¡Õ√å∫“ß™π‘¥ ‡™àπ polyvinyl alcohol ·≈–

polyesters °—∫·ªÑß ´÷Ëß‡ªìπ “¬‚ à́æÕ≈‘‡¡Õ√å∑’Ë‡°‘¥®“°°“√‡√’¬ßµàÕ°—π¢ÕßπÈ”µ“≈°≈Ÿ‚§ ∑’Ë‡™◊ËÕ¡°—π¥â«¬
æ—π∏–°≈Ÿ‚§´‘¥‘° (glucosidic linkage) °“√º ¡°—π√–À«à“ßæÕ≈‘‡¡Õ√å°—∫·ªÑß¡“°°«à“ 60% ®–∑”„Àâ
æ≈“ µ‘° “¡“√∂¬àÕ¬ ≈“¬‰¥â‡Õßµ“¡∏√√¡™“µ‘  ”À√—∫°“√º≈‘µ∑’Ë„™â·ªÑß 100% ®–∑”„Àâæ≈“ µ‘°™π‘¥π’È
¥Ÿ¥´—∫§«“¡™◊Èπ‰¥â¥’‡À¡“– ”À√—∫π”¡“∑”‡ªìπ·§ª´Ÿ≈¬“ πÕ°®“°π’È‡¡◊ËÕ‡µ‘¡ “√‡æ‘Ë¡§«“¡¬◊¥À¬ÿàπ ‡™àπ
sorbitol ·≈– glycerine º ¡°—∫·ªÑß®–∑”„Àâæ≈“ µ‘°∑π§«“¡√âÕπ‰¥â Ÿß¢÷Èπ ·≈–æ∫«à“µ≈“¥°“√º≈‘µ
æ≈“ µ‘°™’«¿“æ™π‘¥π’È¡’∂÷ß 50% ¢Õßæ≈“ µ‘°™’«¿“æ∑—ÈßÀ¡¥

ª√–‡¿∑∑’Ë Õß æ≈“ µ‘°∑’Ë‡ªìπæÕ≈‘‡Õ ‡∑Õ√å ‚¥¬æÕ≈‘‡Õ ‡∑Õ√å “¡“√∂∂Ÿ°¬àÕ¬ ≈“¬‰¥â
‡π◊ËÕß®“°‡™◊ËÕ¡°—π¥â«¬æ—π∏–‡Õ ‡∑Õ√å (ester linkage)  “¡“√∂·∫àß‰¥â‡ªìπ 2 ª√–‡¿∑§◊Õ Õ–≈‘ø“µ‘°
(aliphatic) ·≈– Õ–‚√¡“µ‘° (aromatic) ¥—ß√Ÿª∑’Ë 1 [9] ‚¥¬ªí®®ÿ∫—π¡’°“√º≈‘µæÕ≈‘‡Õ ‡∑Õ√å„π°≈ÿà¡Õ–≈‘ø“µ‘°
‡ªìπ à«π„À≠à ‡π◊ËÕß®“° “¬‚ à́æÕ≈‘‡¡Õ√å∂Ÿ° ≈“¬æ—π∏–‰¥âßà“¬°«à“ πÕ°®“°π’È¡’°“√ª√—∫ª√ÿß‚§√ß √â“ß‚¥¬
°“√º ¡°—π√–À«à“ßÕ–≈‘ø“µ‘° ·≈–Õ–‚√¡“µ‘°„Àâ‡ªìπ‚§æÕ≈‘‡¡Õ√å (aliphatic-aromatic copolyester)
µ—«Õ¬à“ßæ≈“ µ‘°∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â ·≈–Õ¬Ÿà„π°≈ÿà¡Õ–≈‘ø“µ‘° ‡™àπ polyhydroxyalkanoates (PHA),
polylactic acid (PLA), polycaprolactone (PCL), polybutylene succinate (PBS) ·≈– polybutylene
succinate-co-adipate (PBSA) ‚¥¬™π‘¥∑’Ë¡’§«“¡ ”§—≠∑’Ë ÿ¥ §◊Õ poly (3-hydroxybutyrate) (PHB)
·≈– poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) ´÷Ëß‡ªìπæ≈“ µ‘°™’«¿“æ ∑’Ë‰¥â¡“®“°
®ÿ≈‘π∑√’¬å·≈–æ◊™∑’Ë¡’°“√µ—¥µàÕ∑“ßæ—π∏ÿ°√√¡ [10] ¡’°“√π”æ≈“ µ‘°™’«¿“æπ’È‰ª„™â·∑πæ≈“ µ‘° —ß‡§√“–Àå
(‡™àπ polypropylene ·≈– polyethylene)  ”À√—∫°“√º≈‘µ∫√√®ÿ¿—≥±å Õÿµ “À°√√¡¬“ ·≈– Õÿµ “À°√√¡
∑“ß°“√‡°…µ√ ‡ªìπµâπ [11] ®“°°“√»÷°…“¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπæ∫«à“ ≠’ËªÿÉπ‡ªìπª√–‡∑»·√°∑’Ë‰¥âπ”æ≈“ µ‘°
™’«¿“æ¡“„™â„π°“√º≈‘µº≈‘µ¿—≥±å∑’Ë‡°’Ë¬«°—∫Õ‘‡≈Á°∑√Õπ‘° å∑’Ë¡’°“√µâ“π‰øøÑ“ Ÿß√«¡∑—Èß„π°“√º≈‘µ√∂¬πµå
‚¥¬∫√‘…—∑‚µ‚¬µâ“‡ªìπ√“¬·√°¢Õß‚≈°∑’Ë„™â PLA „π°“√º≈‘µ™‘Èπ à«π√∂¬πµå·≈–ª≈Õ°§√Õ∫¬“ßÕ–‰À≈à
√∂¬πµå „π∑«’ª¬ÿ‚√ª¡’°“√„™âæ≈“ µ‘°™’«¿“æ¡“°°«à“ 60% ¢Õßµ≈“¥°“√º≈‘µ«— ¥ÿ∑’Ë¬àÕ¬ ≈“¬‰¥â  ”À√—∫
ª√–‡∑»‰∑¬æ≈“ µ‘°™’«¿“æ∂◊Õ«à“‡ªìππ«—µ°√√¡„À¡à„π°“√‡æ‘Ë¡¡Ÿ≈§à“«—µ∂ÿ¥‘∫∑“ß°“√‡°…µ√ ‡™àπ ÕâÕ¬ ·≈–
·ªÑß¢â“«‚æ¥ ‡ªìπµâπ ÷́Ëßæ≈“ µ‘°∑’Ë‰¥â√—∫§«“¡π‘¬¡„π°“√º≈‘µÕ¬Ÿà„π¢≥–π’È¡’ 2 ™π‘¥§◊Õ PLA ·≈– PHAs
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√Ÿª∑’Ë 1 æÕ≈‘‡Õ ‡∑Õ√å∑’Ëª√–°Õ∫¥â«¬ aliphatic ·≈– aromatic (¥—¥·ª≈ß [9])

1. Polylactic acid (PLA) ¡’≈—°…≥–‡ªìπæÕ≈‘‡Õ ‡∑Õ√åÕ–≈‘ø“µ‘° “¬µ√ß (linear aliphatic
polyester) º≈‘µ®“°æ◊™∑’Ë¡’·ªÑß‡ªìπÕß§åª√–°Õ∫À≈—° ‰¥â·°à ¢â“«‚æ¥ ÕâÕ¬ ·≈–¡—π ”ª–À≈—ß ¥â«¬°√–∫«π°“√
polymerization ¢Õß°√¥·≈§µ‘° (lactic acid) ‚¥¬°√–∫«π°“√º≈‘µ∑”‰¥â‚¥¬π”æ◊™‡À≈à“π’È‰ª∫¥À√◊Õ
‚¡à„Àâ≈–‡Õ’¬¥‡ªìπ·ªÑß ®“°π—Èπ∑”°“√¬àÕ¬·ªÑß„Àâ‡ªìππÈ”µ“≈·≈–π”‰ªÀ¡—° (fermentation) ¥â«¬®ÿ≈‘π∑√’¬å
‡™àπ Lactobacillus brevis ‡ªìπµâπ ‡°‘¥‡ªìπ°√¥·≈§µ‘°´÷Ëß‡ªìπ‚¡‡≈°ÿ≈‡¥’Ë¬«∑’Ë®–π”‰ª‡ªìπ “√µ—Èßµâπ„π
°“√º≈‘µæ≈“ µ‘°‚¥¬ºà“π°√–∫«π°“√∑“ß‡§¡’ ‡æ◊ËÕ‡ª≈’Ë¬π‚§√ß √â“ß∑“ß‡§¡’„ÀâÕ¬Ÿà„π√Ÿª«ß·À«π ‡√’¬°«à“
·≈§‰∑¥å (lactide) ®“°π—Èππ”¡“°≈—Ëπ„π√–∫∫ ÿ≠≠“°“»‡æ◊ËÕ‡ª≈’Ë¬π‚§√ß √â“ß‡ªìπæÕ≈‘‡¡Õ√å¢Õß·≈§‰∑¥å
„Àâ¡’ “¬¬“«¢÷Èπ‡√’¬°«à“ polylactic acid ´÷Ëß§«“¡¬“«¢Õß “¬ PLA ‡ªìπµ—«°”Àπ¥„Àâ PLA ¡’§ÿ≥ ¡∫—µ‘
‡ª≈’Ë¬π‰ªµ“¡≈—°…≥–°“√„™âß“π πÕ°®“°π’È PLA ¬—ß¡’§ÿ≥ ¡∫—µ‘æ‘‡»…§◊Õ ¡’§«“¡„  Õ¬à“ß‰√°Áµ“¡ PLA
®–‰¡à∂Ÿ°¬àÕ¬ ≈“¬‰¥â‡Õß„π∏√√¡™“µ‘·µà®–¬àÕ¬ ≈“¬‡¡◊ËÕπ”‰ªΩíß°≈∫„π¥‘π¥—ß√Ÿª∑’Ë 2 [12] ‚¥¬∑—Ë«‰ª
PLA ®–¡’√“§“·æß·≈– “¡“√∂π”‰ª„™â„πß“π∑“ß°“√·æ∑¬å‰¥â ‡™àπ ‰À¡≈–≈“¬ ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘‡¢â“
°—∫‡π◊ÈÕ‡¬◊ËÕ¢Õß§π·≈– —µ«å [13] „π°“√¬àÕ¬ ≈“¬π’È®–ºà“π°√–∫«π°“√‰Œ‚¥√‰≈ ‘́  (hydrolysis) ÷́Ëß
‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PLA ‰¥â·°à PLA depolymerase, esterase, proteinase K, pronase ·≈– bromelain
[14] PLA  “¡“√∂¬àÕ¬ ≈“¬‰¥â‡¡◊ËÕÕ¬Ÿà„π¥‘π∑’Ë¡’Õÿ≥À¿Ÿ¡‘ 60 ÌC À√◊Õ Ÿß°«à“‡ªìπ‡«≈“¡“°°«à“ 2  —ª¥“Àå
¿“¬À≈—ß°“√¬àÕ¬®–∑”„Àâ‡°‘¥ “√ª√–°Õ∫∑’Ë≈–≈“¬πÈ”‰¥â (water-soluble compounds) ·≈–°√¥·≈§µ‘°
´÷Ëß “√‡À≈à“π’È®–∂Ÿ°‡ª≈’Ë¬πµàÕ‰ª‡ªìπ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å πÈ” ·≈–™’«¡«≈‚¥¬®ÿ≈‘π∑√’¬å ´÷Ëß‰¥â¡’°“√
√“¬ß“π‡°’Ë¬«°—∫°“√¬àÕ¬ ≈“¬ PLA oligomers (¡«≈‚¡‡≈°ÿ≈ª√–¡“≥ 1,000) ‚¥¬‡™◊ÈÕ√“ Fusarium
moniliforme ·≈– Penicillium roquefort [15] ·≈–‡™◊ÈÕ·∫§∑’‡√’¬„π°≈ÿà¡ actinomycete ‡™àπ
Amycolatopsis sp. [16] √«¡∑—Èß·∫§∑’‡√’¬∑π√âÕπ Bacillus brevis [17] πÕ°®“°π’È¬—ßæ∫«à“‡™◊ÈÕ√“ Rhizopus
delemerlipase [18]  “¡“√∂¬àÕ¬ ≈“¬ PLA ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈ª√–¡“≥ 2,000 ‚¥¬„™â‡Õπ‰´¡å esterase
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√Ÿª∑’Ë 2 ¢—ÈπµÕπ°“√¬àÕ¬ ≈“¬ PLA ‡ªìπ‡«≈“ 45 «—π [12]

2. Polyhydroxyalkanoates (PHAs) ‡ªìπæ≈“ µ‘°™’«¿“æ∑’Ë‰¥â®“°°“√ – ¡ PHA „πµ—«
®ÿ≈‘π∑√’¬å∑’Ë¡’°“√‡®√‘≠„π ¿“«–∑’Ë®”°—¥¥â«¬ “√Õ“À“√ ´÷ËßæÕ≈‘‡¡Õ√åπ’È®–¡’¢π“¥„À≠à·≈–∂Ÿ° àßºà“π¡“ – ¡
‰«â∑’Ëºπ—ß‡´≈≈å¢Õß·∫§∑’‡√’¬ ¥—ßπ—Èπ·∫§∑’‡√’¬®÷ß¡’°“√À≈—Ëß‡Õπ‰´¡å extracellular hydrolases ‡æ◊ËÕ‡ª≈’Ë¬π
æÕ≈‘‡¡Õ√åπ’È„Àâ‡ªìπ‚¡‚π‡¡Õ√å (monomer) ¢Õß hydroxyl acid µ—«Õ¬à“ß æ≈“ µ‘°™’«¿“æ„π°≈ÿà¡ PHAs
‡™àπ polyhydroxybutyrate (PHB) ‡¡◊ËÕ∂Ÿ°¬àÕ¬ ≈“¬®–‰¥â (R)-3-hydroxybutyric acid [19]  à«π
poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) ‡¡◊ËÕ∂Ÿ°¬àÕ¬ ≈“¬·≈â«®–‰¥â 3-hydroxybutyrate
·≈– 3-hydroxyvalerate [20] ´÷Ëß‚¡‡≈°ÿ≈‡¥’Ë¬«∑’Ë‰¥â®–¡’¢π“¥‡≈Á°·≈–≈–≈“¬πÈ”‰¥â‡æ◊ËÕ∑’Ë®–·æ√àºà“πºπ—ß
‡´≈≈å´÷Ëß‡ªìπ∫√‘‡«≥∑’Ë‡°‘¥‡¡·∑∫Õ≈‘´÷¡¢Õß β-oxidation ·≈– tricarboxylic acid (TCA) ‡æ◊ËÕ‡ª≈’Ë¬π‡ªìπ
°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–πÈ”¿“¬„µâ ¿“«–∑’Ë¡’Õ“°“» [21] „π°√≥’¿“¬„µâ ¿“«–∑’Ë‰√âÕ“°“»®–∑”„Àâ‡°‘¥
°ä“´¡’‡∑π‡ªìπº≈º≈‘µ

PHA ‡ªìπæÕ≈‘‡Õ ‡∑Õ√å∑’Ëª√–°Õ∫¥â«¬‚¡‡≈°ÿ≈§“√å∫ÕπµàÕ°—πµ—Èß·µà 5 ∂÷ß 14 Õ–µÕ¡
(medium-chain length, mclPHA, C5-C14) À√◊Õ¡“°°«à“ 14 Õ–µÕ¡ (long-chain length, lclPHA,
>C14) ·¡â«à“ PHA ®–¡’‚§√ß √â“ß„°≈â‡§’¬ß°—∫ PHB ·µà à«π„À≠à·≈â«®ÿ≈‘π∑√’¬å®– —ß‡§√“–Àå PHB ‰¥â¥’
°«à“·µà®–‡ª≈’Ë¬π‰ª‡ªìπ PHA ‰¥â¬“°°«à“ ∑”„ÀâµâÕß¡’°“√π”‡∑§π‘§∑“ß√’§Õ¡∫‘·ππ∑å (recombinant
technology) ‡¢â“¡“„™â„π®ÿ≈‘π∑√’¬å‡æ◊ËÕº≈‘µæÕ≈‘‡¡Õ√å„Àâ¡’ “¬∑’Ë¬“«¢÷Èπ  ”À√—∫®ÿ≈‘π∑√’¬å∑’Ëº≈‘µ PHA ‰¥â·°à
Pseudomonas oleovorans ´÷ËßÕ“»—¬‡Õπ‰´¡å∑’Ë„™â„π°“√º≈‘µ ‚¥¬°“√§«∫§ÿ¡¢Õß phaC1ZC2D
operon [7] ¥—ß√Ÿª∑’Ë 3(b) „π operon ®–ª√–°Õ∫¥â«¬¬’π phaC1 ·≈– phaC2 ∑’Ë§«∫§ÿ¡°“√º≈‘µ‡Õπ‰´¡å
polymerases (¬’π phaC1 ·≈– phaC2 encode ‚ª√µ’π PhaC1 ·≈– PhaC2 µ“¡≈”¥—∫), ¬’π phaZ
∑’Ë§«∫§ÿ¡°“√º≈‘µ‡Õπ‰´¡å depolymerase (¬’π phaZ encode ‚ª√µ’π PhaZ) ·≈– ¬’π phaD encode
‚ª√µ’π PhaD ÷́Ëß¬—ß‰¡à∑√“∫Àπâ“∑’Ë·πà™—¥ ‚¥¬‡Õπ‰´¡å polymerases ∑—Èß 2 ™π‘¥π’È®—¥Õ¬Ÿà„π subfamily
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¢Õß α/β hydrolase ∑”Àπâ“∑’Ë„π°“√‡√àßªØ‘°‘√‘¬“°“√√«¡°—π¢ÕßÕπÿæ—π∏å (R)-3-hydroxyacyl-CoA ‡æ◊ËÕ„Àâ
‡°‘¥°“√√«¡µ—«‡ªìπ PHA  – ¡„π‡´≈≈å·≈–¬—ßæ∫«à“‡Õπ‰´¡å∑—Èß 2 ™π‘¥π’È¡’≈”¥—∫°√¥Õ–¡‘‚π (amino
acid sequence) §≈â“¬°—πª√–¡“≥ 50%  ”À√—∫‚ª√µ’π PhaZ æ∫Õ¬Ÿà∫πº‘«¢Õß PHA ·°√πŸ≈ (granule
surface) ª√–°Õ∫¥â«¬ conventional lipase box §◊Õ ¡’§«“¡‡À¡◊Õπ (homology) °—∫‡Õπ‰´¡å depolymerases
´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¬àÕ¬ ≈“¬æ—π∏–æÕ≈‘‡Õ ‡∑Õ√å¢Õß PHA ‡æ◊ËÕ∑”„Àâ‡°‘¥°“√ª≈¥ª≈àÕ¬
Õπÿæ—π∏å¢Õß hydroxyacyl-CoA ®“° PHA ¥—ß√Ÿª∑’Ë 4 πÕ°®“°π’È¬—ßæ∫¬’π phaF ·≈– phaI ∑’Ë‡°’Ë¬«¢âÕß
°—∫°“√ —ß‡§√“–Àå PHAs ∑’ËÕ¬Ÿà∫√‘‡«≥¥â“πÀ≈—ß (downstream) ¢Õß phaC1ZC2D operon ¥—ß√Ÿª∑’Ë 3(b)
‚ª√µ’π PhaF ¡’≈—°…≥–§≈â“¬‚ª√µ’πŒ’ ‚µπ H1 (histone-H1-like protein) ‚¥¬∑”Àπâ“∑’Ë§◊Õ  √â“ß§«“¡
‡ ∂’¬√ (stabilization) „Àâ PHA ·°√πŸ≈„π‡´≈≈å·≈–¬—ß∑”Àπâ“∑’Ë‡ªìπµ—«§«∫§ÿ¡ (regulator) „π°“√
¬—∫¬—Èß°“√∑”ß“π¢Õß phaC1ZC2D operon ·≈–¬’π phaI „π°“√ —ß‡§√“–Àå PHA ·°√πŸ≈  ”À√—∫‚ª√µ’π
PhaI ∑”Àπâ“∑’Ë„Àâ§«“¡‡ ∂’¬√·°à‚§√ß √â“ß PHA ·°√πŸ≈„π‡´≈≈å‡∑à“π—Èπ πÕ°®“°π’È¬—ßæ∫«à“°“√ √â“ß
PHA „π‡´≈≈å „π°√≥’∑’Ë‰¡à¡’ “√µ—Èßµâπ¢Õß PHA (PHA precursor) „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ®–∑”„Àâ‰¡à¡’°“√
· ¥ßÕÕ° (expression) ¢Õß phaC1ZC2D operon ·≈–¬’π phaI ·µà∂â“‡¡◊ËÕ¡’°“√ —ß‡§√“–Àå‚¡‚π‡¡Õ√å
¢Õß PHAs „π‡´≈≈å®–∑”„Àâ¬’π phaF ‰¡à∑”ß“π ®÷ß‡°‘¥°“√º≈‘µ PHA  – ¡„π‡´≈≈å

PHB º≈‘µ‰¥â®“°®ÿ≈‘π∑√’¬å Ralstonia eutropha (‡¥‘¡§◊Õ Alcaligenes eutrophus) [22]
·≈– Bacillus megaterium ‚¥¬„™â·À≈àß«—µ∂ÿ¥‘∫®“°πÈ”µ“≈À√◊Õ·ªÑß‡ªìπ·À≈àß§“√å∫Õπ ”À√—∫®ÿ≈‘π∑√’¬å
‡æ◊ËÕ‡ª≈’Ë¬π‡ªìπ acetyl CoA ́ ÷Ëß‡ªìπ‚¡‡≈°ÿ≈∑’Ë„™âº≈‘µ PHB „π°“√ —ß‡§√“–Àå PHB ®“° Ralstonia eutropha
∂Ÿ°§«∫§ÿ¡‚¥¬ phaCBA operon [7] ‚¥¬ encode °“√ √â“ß‡Õπ‰´¡å 3 ™π‘¥ (√Ÿª∑’Ë 3(a)) §◊Õ 1. ¬’π phaA
encode ‚ª√µ’π PhaA ´÷Ëß‡ªìπ‡Õπ‰´¡å β-ketothiolase ∑”Àπâ“∑’Ë„π°“√‡√àß„Àâ‡°‘¥°“√√«¡µ—«¢Õß acetyl CoA
‰¥â‡ªìπ acetoacetyl-CoA 2. ¬’π phaB encode ‚ª√µ’π PhaB ‡ªìπ‡Õπ‰´¡å NADPH-oxidoreductase
∑”Àπâ“∑’Ë‡ªìπµ—«√’¥‘«´å acetoacetyl-CoA ‰ª‡ªìπ (R)-3-hydroxybutyryl-CoA ·≈– 3. ¬’π phaC encode
‚ª√µ’π PhaC ‡ªìπ‡Õπ‰´¡å PHB polymerase ∑”Àπâ“∑’Ë„π°“√‡√àßªØ‘°‘√‘¬“ polymerization  “√ (R)-3-
hydroxybutyryl-CoA ‰¥â‡ªìπæÕ≈‘‡¡Õ√å¢Õß PHB ‚¥¬æ∫«à“‡Õπ‰´¡å®–∑”ß“π‰¥â¥’‡¡◊ËÕ —ß‡§√“–Àå
æÕ≈‘‡¡Õ√å∑’Ë¡’‚¡‡≈°ÿ≈§“√å∫ÕπµàÕ°—ππâÕ¬°«à“ 5 Õ–µÕ¡ πÕ°®“°π’È¬—ßæ∫¬’πÕ’° 2 ™π‘¥‰¥â·°à ¬’π phaZ
·≈– phaP ∑’Ë encode ‚ª√µ’π PhaZ ·≈– PhaP µ“¡≈”¥—∫ ́ ÷Ëß∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ ≈“¬ (catabolism)
·≈– √â“ß§«“¡‡ ∂’¬√„π°“√ – ¡ PHB „π‡´≈≈å ‚¥¬‚ª√µ’π PhaZ ´÷Ëß‡ªìπ‡Õπ‰´¡å depolymerase ∑’Ë¡’
‚§√ß √â“ß§≈â“¬‡Õπ‰´¡å esterase ∑”Àπâ“∑’Ë‡√àßªØ‘°‘√‘¬“°“√¬àÕ¬ ≈“¬ (catalyse) æÕ≈‘‡¡Õ√å‡æ◊ËÕª≈¥ª≈àÕ¬
(R)-3-hydroxybutyrate  ”À√—∫‚ª√µ’π PhaP (phasin) ¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË”´÷Ëß®–¡’Õ¬Ÿà‡ªìπ®”π«π¡“°„π
√–À«à“ß°“√ —ß‡§√“–Àå PHB ‚¥¬™à«¬„π°“√®—∫°—π‡ªìπ‡¡Á¥‡≈Á°Ê  – ¡Õ¬Ÿà„π‡´≈≈å ·≈–¬—ß™à«¬„π°“√
§«∫§ÿ¡¢π“¥·≈–®”π«π¢Õß‡¡Á¥ PHB ∑’Ë —ß‡§√“–Àå πÕ°®“°π’È°“√ – ¡¢Õß PHB ¬—ß¢÷Èπ°—∫°“√∑”ß“π
¢Õß‚ª√µ’π PhaC „π‡´≈≈å‡™àπ°—π ¥—ßπ—Èπ·∫§∑’‡√’¬∑’Ë‰¥â∑”°“√µ—¥µàÕ¬’π‡æ◊ËÕ„Àâ √â“ß‡Õπ‰´¡å polymerase
®”π«π¡“°®–∑”„Àâ‡°‘¥°“√ – ¡ PHB Õ¬Ÿà‡ªìπ®”π«π¡“°‡™àπ°—π´÷Ëß‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¡’πÈ”Àπ—°¡«≈
‚¡‡≈°ÿ≈µË” „π°√≥’∑’Ë®ÿ≈‘π∑√’¬å¡’°“√º≈‘µ PhaC µË”®–∑”„Àâ¡’°“√ – ¡æÕ≈‘‡¡Õ√å≈¥≈ß‰¥â
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√Ÿª∑’Ë 3 Àπà«¬§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π·≈–‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß„π°“√ —ß‡§√“–Àåæ≈“ µ‘°™’«¿“æ (a)
phaCBA operon ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß ”À√—∫°“√ —ß‡§√“–Àå PHBs „π Ralstonia eutropha
H16 (b) phaC1ZC2D operon ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß ”À√—∫°“√ —ß‡§√“–Àå PHAs „π Pseudomonas
oleovorans ([7])

∑—ÈßæÕ≈‘‡¡Õ√å¢Õß PHA ·≈– PHB ®–∂Ÿ°¬àÕ¬ ≈“¬‚¥¬®ÿ≈‘π∑√’¬åµà“ßÊ ‡π◊ËÕß®“°¡’¬’π∑’Ë‡°’Ë¬«¢âÕß
°—∫°≈‰°°“√¬àÕ¬ ≈“¬ ‰¥â·°à PHA depolymerases ∑’Ë √â“ß®“° Paucimonas lemoignei [23] PHB
depolymerases ∑’Ë √â“ß®“° Pseudomonas stutzeri [24] ·≈–¬—ßæ∫‡Õπ‰´¡å endo esterase ‡ªìπµâπ
√Ÿª∑’Ë 5 · ¥ß°“√ – ¡ PHB „π‡™◊ÈÕ Ralstonia eutropha ‡ªìπ·∫§∑’‡√’¬·°√¡≈∫∑’Ë – ¡ PHB ‰«â„π
‡´≈≈å‡¡◊ËÕ‡≈’È¬ß„π ¿“«–∑’Ë¢“¥·§≈π “√Õ“À“√ [25]

°“√º≈‘µ‡¡Á¥æ≈“ µ‘°®“°®ÿ≈‘π∑√’¬å„π√–¥—∫Õÿµ “À°√√¡¡’ 3 ªí®®—¬À≈—°∑’Ë ”§—≠§◊Õ 1.  ¿“«–
∑’Ë‡À¡“– ¡„π°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å‡æ◊ËÕ„Àâ‡°‘¥°“√ —ß‡§√“–Àå‡¡Á¥æ≈“ µ‘° ‚¥¬∑—Ë«‰ª®–®”°—¥ª√‘¡“≥
 “√Õ“À“√‡æ◊ËÕ„Àâ®ÿ≈‘π∑√’¬å¡’°“√‡®√‘≠‰ªÕ¬à“ß™â“Ê 2. °“√„™â “√µ—Èßµâπ°“√º≈‘µ∑’Ë√“§“‰¡à·æß‡æ◊ËÕ„™â„π°“√
 —ß‡§√“–Àå·≈– 3. ‡°Á∫‡°’Ë¬«º≈º≈‘µ‰¥âßà“¬ ®“°°“√»÷°…“°√–∫«π°“√ —ß‡§√“–Àå·≈–°≈‰°§«∫§ÿ¡°“√
 – ¡æ≈“ µ‘°™’«¿“æ„π‡´≈≈å®ÿ≈‘π∑√’¬åπ’È∑”„Àâ¡’°“√ √â“ß®ÿ≈‘π∑√’¬å∑’Ëºà“π°“√µ—¥µàÕ¬’πÀ√◊Õ°“√°≈“¬æ—π∏ÿå
‡æ◊ËÕ„Àâ®ÿ≈‘π∑√’¬å “¡“√∂ —ß‡§√“–Àåæ≈“ µ‘°‰¥â Ÿß·≈–„™â«—µ∂ÿ¥‘∫´÷Ëß‡ªìπ·À≈àß§“√å∫Õπ∑’Ë¡’√“§“∂Ÿ° ‡™àπ
°“°πÈ”µ“≈ ´Ÿ‚§√  ·≈§‚µ  °≈’‡´Õ√Õ≈ πÈ”¡—π ·≈–¡’‡∑π ‡ªìπµâπ „πªï §.». 1982 ∫√‘…—∑ ICI ‡ªìπ
‡®â“·√°∑’Ë¡’°“√º≈‘µæ≈“ µ‘°™’«¿“æ ¿“¬„µâ™◊ËÕ Biopol ‚¥¬π”¡“º≈‘µ‡ªìπ¢«¥ ‡ âπ„¬ ¬“ß ‡ªìπµâπ
πÕ°®“°π’È¬—ßπ”‰ªª√–¬ÿ°µå„™â∑“ß°“√·æ∑¬å ‰¥â·°à °“√º≈‘µ‡ÕÁπ‡¬Á∫·º≈ ‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å‡©æ“–
∑“ß°“√·æ∑¬å ‡ªìπµâπ
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√Ÿª∑’Ë 4 ‚§√ß √â“ß·°√πŸ≈¢Õß PHA ·≈–°≈‰°°“√ —ß‡§√“–Àå·≈–°“√¬àÕ¬ ≈“¬¢Õß PHBs ·≈– PHAs
(a) alkane oxidation pathway ÷́Ëßª√–°Õ∫¥â«¬‡Õπ‰´¡å (1) alkane 1-monooxygenase
(2) alcohol dehydrogenase (3) aldehyde dehydrogenase (b) fatty-acid-β-oxidation
ª√–°Õ∫¥â«¬‡Õπ‰´¡å (4) acyl-CoA ligase (5) acyl-CoA dehydrogenase (6) enoyl-CoA
hydratase (7) 3-hydroxyacyl-CoA dehydrogenase (8) 3-ketothiolase (9) (R)-enoyl-CoA
hydratase (10) 3-ketoacyl-CoA reductase (c) biosynthesis from carbohydrates ª√–°Õ∫
¥â«¬‡Õπ‰´¡å (11) β-ketothiolase (12) NADPH-dependent acetoacetyl-CoA reductase
·≈– (d) de novo fatty acid synthesis ª√–°Õ∫¥â«¬‡Õπ‰´¡å (13) acetyl-CoA carboxylase
(14) ACP-malonyltransferase (15) 3-ketoacyl-ACP synthase (16) 3-ketoacyl-ACP
reductase (17) 3-hydroxyacyl-ACP reductase (18) enoyl-ACP reductase (19) 3-
hydroxyacyl-ACP-CoA transacylase, ACP: acyl carrier protein ([7])
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√Ÿª∑’Ë 5 °“√ – ¡ PHB „π‡™◊ÈÕ Ralstonia eutropha [25]

3. Polycaprolactone (PCL) ‡ªìπæÕ≈‘‡¡Õ√å —ß‡§√“–Àå∑’Ëßà“¬µàÕ°“√¬àÕ¬ ≈“¬¥â«¬®ÿ≈‘π∑√’¬å
‚¥¬ “¡“√∂∂Ÿ°¬àÕ¬¥â«¬ PCL-degrading bacteria ‡™àπ Alcaligenes faecalis ∑’Ë·¬°‰¥â®“°∏√√¡™“µ‘ [26]
PCL  —ß‡§√“–Àå‰¥â®“°°√–∫«π°“√ polymerization ¢Õß ε-caprolactone (6-hexanolide) ¡’®ÿ¥À≈Õ¡‡À≈«∑’Ë
60 ÌC √“§“‰¡à·æß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ PHB ·µà¬—ß¡’¢âÕ®”°—¥„π°“√π”¡“¢÷Èπ√Ÿª‡æ◊ËÕº≈‘µ‡ªìπº≈‘µ¿—≥±åµà“ßÊ
PCL ∂Ÿ°¬àÕ¬ ≈“¬‚¥¬Õ“»—¬‡Õπ‰´¡å PCL depolymerase, lipase ·≈– esterase [27] ·µà‰¡à “¡“√∂∂Ÿ°
¬àÕ¬¥â«¬ PHB depolymerase [28]

4. Modified polyethylene terephthalate (Modified PET) ‡ªìπæ≈“ µ‘°™’«¿“æ∑’Ë‡°‘¥
®“°°“√‡ª≈’Ë¬π‚§√ß √â“ß polyethylene terephthalate (PET) „Àâßà“¬µàÕ°“√¬àÕ¬ ≈“¬‰¥â¥â«¬®ÿ≈‘π∑√’¬å
´÷Ëß PET ‡ªìπæ≈“ µ‘° —ß‡§√“–Àå„π°≈ÿà¡ thermoplastic ∑’Ë‰¡à “¡“√∂¬àÕ¬ ≈“¬‰¥â‡Õßµ“¡∏√√¡™“µ‘ °“√
 —ß‡§√“–Àå PET ‡°‘¥®“°ªØ‘°‘√‘¬“ polymerization ∑’Ë¡’ bis-β-hydroxyterephthalate ‡ªìπ‚¡‚π‡¡Õ√å °—∫
‡Õ∑∏‘≈’π‰°≈§Õ≈ „π°“√ —ß‡§√“–Àå‚¡‚π‡¡Õ√å®–‡°‘¥‰¥â 2 ªØ‘°‘√‘¬“ §◊Õ 1. ªØ‘°‘√‘¬“ esterification
‡°‘¥¢÷Èπ®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß terephthalic acid ·≈–‡Õ∑∏‘≈’π‰°≈§Õ≈ ‚¥¬¡’πÈ”‡ªìπº≈º≈‘µ¢â“ß‡§’¬ß
2. ªØ‘°‘√‘¬“ transesterification ‡°‘¥¢÷Èπ®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß‡Õ∑∏‘≈’π‰°≈§Õ≈ ·≈– dimethyl
terephthalate ‚¥¬¡’‡¡∑“πÕ≈‡ªìπº≈º≈‘µ¢â“ß‡§’¬ß

Modified PET ‡ªìπ PET ∑’Ë¡’ à«πª√–°Õ∫¢Õß‚¡‚π‡¡Õ√åÀ≈“¬Ê ™π‘¥ ‡™àπ Õ’‡∑Õ√å (ether),
‡Õ‰¡¥å (amide) ·≈– Õ–≈‘ø“µ‘° ‡ªìπµâπ ¡’°“√‡™◊ËÕ¡°—π¥â«¬æ—π∏–‡Õ ‡∑Õ√å∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥âßà“¬‚¥¬
ºà“πªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘  ¬°µ—«Õ¬à“ß modified PET ‡™àπ PBAT (polybutylene adipate/terephthalate)
·≈– PTMAT (polytetramethylene adipate/terephthalate) BiomaxTM ‡ªìπ¬’ËÀâÕ∑“ß°“√§â“¢Õß∫√‘…—∑
DuPont ∑’Ëº≈‘µº≈‘µ¿—≥±å∑’Ëßà“¬µàÕ°“√¬àÕ¬ ≈“¬∑’Ë¡’ à«πª√–°Õ∫¢Õß modified PET polyester

5. Polybutylene succinate (PBS) ‡ªìπæÕ≈‘‡Õ ‡∑Õ√å∑’Ë¡’ à«πª√–°Õ∫¢ÕßÕ–≈‘ø“µ‘°·≈–
∂Ÿ°¬àÕ¬ ≈“¬‰¥â ´÷Ëß¡’§ÿ≥ ¡∫—µ‘§≈â“¬ PET ‚¥¬∑—Ë«‰ª®–º≈‘µ¢÷Èπ‚¥¬°“√º ¡°—∫ “√ª√–°Õ∫µà“ßÊ ‡™àπ
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∂â“º ¡°—∫·ªÑß®–‰¥â thermoplastic starch (TPS) ·≈–∂â“º ¡°—∫æ«° adipate copolymers °Á®–‰¥â
polybutylene succinate-co-adipate (PBSA) ÷́Ëß„πªí®®ÿ∫—π∂Ÿ°π”¡“„™â∑“ß°“√§â“‚¥¬π”¡“ª√–¬ÿ°µå„™â„π
°“√º≈‘µøî≈å¡∑’Ë„™â§≈ÿ¡æ◊Èπ¥‘π√Õ∫µâπ‰¡â (mulch film) øî≈å¡∫√√®ÿÕ“À“√ (packaging film) ·≈– °√–‡ªÜ“
‡ªìπµâπ PBS  “¡“√∂∂Ÿ°¬àÕ¬ ≈“¬‚¥¬®ÿ≈‘π∑√’¬å Õ“»—¬°√–∫«π°“√‰Œ‚¥√‰≈ ‘́ ∫√‘‡«≥æ—π∏–‡Õ ‡∑Õ√å
¢ÕßæÕ≈‘‡¡Õ√å ¢âÕ¡Ÿ≈®“° SK Chemicals ª√–‡∑»‡°“À≈’æ∫«à“ ‡¡◊ËÕπ”·ºàπøî≈å¡∑’Ëº≈‘µ®“° PBS ¢π“¥
40 µm ‰ªΩíß¥‘π‡ªìπ‡«≈“ 1 ‡¥◊Õπ®–¡’Õ—µ√“°“√¬àÕ¬ ≈“¬‡°‘¥¢÷Èπ‰¥â¡“°°«à“ 50% [29]

6. Polybutylene succinate-co-adipate (PBSA) ‡ªìπæÕ≈‘‡Õ ‡∑Õ√å™π‘¥„À¡à∑’Ëº≈‘µ¢÷Èπ„π
ª√–‡∑»≠’ËªÿÉπ  —ß‡§√“–Àå®“°°√–∫«π°“√ polymerization ¢Õß butylene glycol, succinic acid ·≈–
adipic acid ¡’§ÿ≥ ¡∫—µ‘„π°“√π”¡“º≈‘µ‡ªìπº≈‘µ¿—≥±åµà“ßÊ ‡™àπ «— ¥ÿ∑“ß°“√‡°…µ√ ∫√√®ÿ¿—≥±å «— ¥ÿ
Õ‘‡≈Á°∑√Õπ‘° å ‡ªìπµâπ

7. Aliphatic-aromatic copolyesters (AAC) ‡ªìπæÕ≈‘‡Õ ‡∑Õ√å∑’Ëº≈‘µ®“°°“√√«¡°—π¢Õß
Õ–≈‘ø“µ‘° ·≈– Õ–‚√¡“µ‘° (aromatic) ´÷Ëß¡’≈—°…≥–§≈â“¬æ«°æÕ≈‘‡Õ∑∏‘≈’π (polyethylene, PE) „π°“√
≈¥µâπ∑ÿπ°“√º≈‘µº≈‘µ¿—≥±å®“° AAC ®–π”‰ªº ¡°—∫ TPS ªí®®ÿ∫—πæ≈“ µ‘°∑’Ëº≈‘µ®“° AAC ∑’Ë„™â„π
∑“ß°“√§â“¡’Õ¬Ÿà 2 ¬’ËÀâÕ §◊Õ EcoflexTM º≈‘µ‚¥¬∫√‘…—∑ BASF ·≈– Eastar BioTM º≈‘µ‚¥¬∫√‘…—∑ Eastman
´÷Ëßπ”¡“„™âº≈‘µ‡ªìπ∫√√®ÿ¿—≥±åÕ“À“√ º≈‰¡â·≈–º—° ‚¥¬æ∫«à“®ÿ≈‘π∑√’¬å “¡“√∂¬àÕ¬ ≈“¬æ≈“ µ‘°™π‘¥π’È
‰¥â¿“¬„π 12  —ª¥“Àå

æÕ≈‘‡Õ ‡∑Õ√å∑’Ëπ”¡“º≈‘µæ≈“ µ‘°¡’¡“°°«à“ 160 ™π‘¥√«¡∑—Èß∑’Ë‰¥â°≈à“«¡“·≈–¬—ßæ∫«à“„π
Õπ“§µ®–‡æ‘Ë¡®”π«π¡“°¢÷Èπ ªí®®ÿ∫—π°“√„™âæ≈“ µ‘°™’«¿“æ¬—ß‰¡à·æ√àÀ≈“¬¡“°π—°‡π◊ËÕß®“°√“§“∑’Ë Ÿß„π
°√–∫«π°“√º≈‘µ ·µàÕ¬à“ß‰√°Áµ“¡„πÕπ“§µ¡’·π«‚πâ¡«à“ “√ªî‚µ√‡§¡’®–¡’√“§“ Ÿß¢÷Èπ ·≈–æ≈“ µ‘°™’«¿“æ
®–‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë‡¢â“¡“·∑π∑’Ëæ≈“ µ‘° —ß‡§√“–Àå·≈–¬—ß™à«¬≈¥¡≈¿“«–∑“ß ‘Ëß·«¥≈âÕ¡‰¥âÕ’°∑“ßÀπ÷Ëß

°√–∫«π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°
°√–∫«π°“√¬àÕ¬ ≈“¬æ≈“ µ‘° (plastic degradation) Õ“®·∫àß‡ªìπ 3 ª√–‡¿∑„À≠àÊ §◊Õ

photodegradation, thermal degradation ·≈– biodegradation [29]
1. photodegradation ‡ªìπ°√–∫«π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°∑’Ë¡’°“√º ¡ “√‡µ‘¡·µàß∑’Ë¡’

§«“¡‰«µàÕ· ß≈ß‰ª„πæ≈“ µ‘°‚¥¬¡’· ß‡ªìπµ—«°√–µÿâπ ‡™àπ UV-B (295-315 nm) ·≈– UV-A
(315-400 nm) ∑”„Àâæ≈“ µ‘°‡°‘¥°“√¬àÕ¬ ≈“¬‰¥â ‡π◊ËÕß®“°· ß UV ®–¡’æ≈—ßß“π‡æ’¬ßæÕ„π°“√µ—¥æ—π∏–
C-C ‚¥¬Õ“»—¬°√–∫«π°“√ photolysis ·≈– photooxidation ‚¥¬ UV ∑’Ë¡’§«“¡¬“«§≈◊Ëπµà“ß°—π®–¬àÕ¬
 ≈“¬æ≈“ µ‘°‰¥â·µ°µà“ß°—π ¢÷Èπ°—∫æ—π∏–¢ÕßæÕ≈‘‡¡Õ√å ‡™àπ UV ∑’Ë§«“¡¬“«§≈◊Ëπ 300 nm ®–¡’
ª√– ‘∑∏‘¿“æ„π°“√ ≈“¬æÕ≈‘‡Õ∑∏‘≈’π ·≈– UV ∑’Ë§«“¡¬“«§≈◊Ëπ 370 nm ®–¡’ª√– ‘∑∏‘¿“æ„π°“√ ≈“¬
æÕ≈‘‚æ√æ‘≈’π (polypropylene, PP) ‡ªìπµâπ [30, 31] πÕ°®“°π’È· ß„π™à«ß∑’Ë¡Õß‡ÀÁπ‰¥â (visible light)
(400-760 nm) ·≈– · ßÕ‘πø√“‡√¥ (760-2500 nm) °Á “¡“√∂∑”„Àâ‡°‘¥°“√¬àÕ¬ ≈“¬æ≈“ µ‘°‰¥â
‡π◊ËÕß®“°∑”„Àâ‡°‘¥§«“¡√âÕπ (thermal oxidation) °“√¬àÕ¬ ≈“¬ª√–‡¿∑π’È®–‰¡à‡°‘¥¢÷Èπ¿“¬„π∫àÕΩíß
°≈∫¢¬– °Õß§Õ¡‚æ ∑å  ¿“«–∑’Ë¡◊¥ ‡π◊ËÕß®“°æ≈“ µ‘°®–‰¡à —¡º— °—∫· ß¬Ÿ«’‰¥â‚¥¬µ√ß
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2. thermal degradation ‡ªìπ°√–∫«π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°‚¥¬„™â§«“¡√âÕπ‡ªìπµ—«°√–µÿâπ
∑”„Àâ‡°‘¥ oxidative degradation ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß “√ª√–°Õ∫¢Õß “¬‚ à́¬“«¢ÕßæÕ≈‘‡¡Õ√å®–∂Ÿ°µ—¥
(scission) ÕÕ°‰ª ®“°π—Èπ®–‰ª∑”ªØ‘°‘√‘¬“°—∫Õ’°‚¡‡≈°ÿ≈Àπ÷Ëß∑”„Àâ§ÿ≥ ¡∫—µ‘¢ÕßæÕ≈‘‡¡Õ√å‡ª≈’Ë¬π·ª≈ß‰ª
°√–∫«π°“√π’È®–∑”„Àâæ≈“ µ‘°¡’¢π“¥¡«≈‚¡‡≈°ÿ≈≈¥≈ß ≈—°…≥–∑“ß°“¬¿“æ°Á‡ª≈’Ë¬π·ª≈ß‰ª ‡™àπ
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’æ≈“ µ‘°∑”„Àâ ’´’¥≈ß ‡°‘¥√Õ¬·µ°√â“« ‡ªìπµâπ πÕ°®“°π’ÈÕÿ≥À¿Ÿ¡‘µà“ß°—π
∑”„Àâæ≈“ µ‘°‡°‘¥°“√¬àÕ¬ ≈“¬‰¥âµà“ß°—π ‡™àπ PLA  “¡“√∂∂Ÿ°¬àÕ¬ ≈“¬‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 159-178 ÌC ·≈–
PHB  “¡“√∂∂Ÿ°¬àÕ¬ ≈“¬‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 175 ÌC [10] °√–∫«π°“√¬àÕ¬ ≈“¬¥â«¬«‘∏’π’È®–‡°‘¥°“√µ—¥ “¬
æÕ≈‘‡¡Õ√å‰¥â Õß·∫∫§◊Õ 1 °“√µ—¥ “¬æÕ≈‘‡¡Õ√å·∫∫ ÿà¡ (random scission) ‡°‘¥‰¥â∫√‘‡«≥∑ÿ°Ê ∑’Ë¢Õß
 “¬æÕ≈‘‡¡Õ√å ´÷Ëß®–∑”„Àâæ≈“ µ‘°¡’¡«≈‚¡‡≈°ÿ≈≈¥≈ß ·≈– 2 °“√µ—¥∑’Ëª≈“¬ “¬æÕ≈‘‡¡Õ√å (chain-end
scission) ∑’Ëæ—π∏– C-C ∑”„Àâª≈àÕ¬‚¡‡≈°ÿ≈‡¥’Ë¬«ÕÕ°¡“ À√◊Õ‡°‘¥ªØ‘°‘√‘¬“ depolymerization ∑’Ë∑”„Àâ
‡°‘¥º≈º≈‘µ ‡™àπ formaldehyde, acetaldehyde, formic acid, acetic acid, °ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å
·≈– πÈ” ‡ªìπµâπ ¥—ßπ—Èπ°“√¬àÕ¬ ≈“¬æ≈“ µ‘°‚¥¬„™â§«“¡√âÕπ®–∑”„Àâ‡°‘¥ªí≠À“ ‘Ëß·«¥≈âÕ¡ ‡π◊ËÕß®“°
∑”„Àâ‡°‘¥ “√æ‘…®“°°“√√«¡µ—«¢Õß‚¡‡≈°ÿ≈‡¥’Ë¬« ‡™àπ furans, formaldehyde, phenol ·≈– dioxin
[29, 32]  – ¡·≈–‡ ’¬§à“„™â®à“¬„π°“√∑”≈“¬ Ÿß®÷ß‰¡à‡ªìπ∑’Ë¬Õ¡√—∫

3. biodegradation ‡ªìπ°√–∫«π°“√¬àÕ¬ ≈“¬ “√Õ‘π∑√’¬å„Àâ¡’¢π“¥‡≈Á°≈ß‚¥¬Õ“»—¬°‘®°√√¡
¢Õß®ÿ≈‘π∑√’¬å∑’Ë ”§—≠‰¥â·°à æ«° heterotroph ´÷Ëß‡®√‘≠„π¥‘π [33] ‚¥¬°√–∫«π°“√¬àÕ¬ ≈“¬¡’ 2 ¢—ÈπµÕπ
§◊Õ „π¢—Èπ·√° “¬æÕ≈‘‡¡Õ√å¬—ß¡’¢π“¥„À≠à·≈–‰¡à≈–≈“¬πÈ” „π°“√‡°‘¥°“√¬àÕ¬ ≈“¬π—Èπ æÕ≈‘‡¡Õ√å®–
‡ª≈’Ë¬π‡ªìπ‚¡‚π‡¡Õ√å¥â«¬°√–∫«π°“√ depolymerization ¿“¬πÕ°‡´≈≈å ‚¥¬°“√ª≈¥ª≈àÕ¬‡Õπ‰´¡å
®“°®ÿ≈‘π∑√’¬å∑—Èß·∫∫ endo-enzyme À√◊Õ‡Õπ‰´¡å∑’Ë∑”„Àâ‡°‘¥°“√·µ°µ—«¢Õßæ—π∏–¿“¬„π “¬æÕ≈‘‡¡Õ√å
Õ¬à“ß‰¡à‡ªìπ√–‡∫’¬∫ ·≈– exo-enzyme À√◊Õ‡Õπ‰´¡å∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßæ—π∏–∑’≈–Àπà«¬®“°Àπà«¬
∑’ËÕ¬Ÿà¥â“πª≈“¬¢Õß “¬æÕ≈‘‡¡Õ√å ∑”„ÀâæÕ≈‘‡¡Õ√å·µ°µ—«¡’¢π“¥‡≈Á°≈ß  à«π‚¡‚π‡¡Õ√å∑’Ë¡’¢π“¥‡≈Á°®–·æ√à
ºà“πºπ—ß‡´≈≈å‡¢â“‰ª„π‡¬◊ËÕÀÿâ¡‡´≈≈å‰¥â·≈–∂Ÿ°¬àÕ¬ ≈“¬ (mineralization) µàÕ„π¢—Èπ∑’Ë Õß ‰¥â‡ªìπæ≈—ßß“π
·≈– “√ª√–°Õ∫¢π“¥‡≈Á°∑’Ë‡ ∂’¬√„π∏√√¡™“µ‘ ‡™àπ °ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å °ä“´¡’‡∑π πÈ” ‡°≈◊Õ ·√à∏“µÿ
µà“ßÊ ·≈–¡«≈™’«¿“æ ´÷Ëß®–‰¡àµ°§â“ßÕ¬Ÿà„π ‘Ëß·«¥≈âÕ¡ ¥—ß· ¥ß„π√Ÿª∑’Ë 6 · ¥ß∂÷ß°“√¬àÕ¬ ≈“¬æÕ≈‘‡¡Õ√å
‚¥¬‡Õπ‰´¡å®“°®ÿ≈‘π∑√’¬å‰ªµ—¥æ—π∏–∫√‘‡«≥º‘«¢ÕßæÕ≈‘‡¡Õ√å∑”„Àâ‡°‘¥ “¬ —ÈπÊ ¢ÕßæÕ≈‘‡¡Õ√å ‚¡‚π‡¡Õ√å
·≈–πÈ”´÷Ëß “¡“√∂ºà“π‡¢â“‰ª„π‡´≈≈å‰¥â [8]
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√Ÿª∑’Ë 6 ¢—ÈπµÕπ°“√¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ‚¥¬®ÿ≈‘π∑√’¬å ´÷Ëß®ÿ≈‘π∑√’¬å®–ª≈¥ª≈àÕ¬‡Õπ‰´¡å‡æ◊ËÕ¡“µ—¥
æ—π∏– ester ∑’Ëº‘«æÕ≈‘‡¡Õ√å º≈º≈‘µ∑’Ë‰¥â ‡™àπ monomer, dimers ®–≈–≈“¬·≈–‡°‘¥‡¡·∑∫Õ‰≈∑å
ºà“π‡¢â“‰ª¬—ß¿“¬„π‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å [8]

°“√¬àÕ¬ ≈“¬æ≈“ µ‘°‚¥¬„™â®ÿ≈‘π∑√’¬å¡’§à“„™â®à“¬§àÕπ¢â“ßµË” ·≈–‰¡à°àÕ„Àâ‡°‘¥ªí≠À“ ‘Ëß·«¥≈âÕ¡
®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ëπà“ π„®¡“°°«à“«‘∏’°“√Õ◊ËπÊ „π°“√„™â°”®—¥¢¬–æ≈“ µ‘°™’«¿“æ

®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ
®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥ ‡™àπ ·∫§∑’‡√’¬ ·≈–‡™◊ÈÕ√“ ¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬‰¥â∑—Èßæ≈“ µ‘°

∏√√¡™“µ‘·≈–æ≈“ µ‘° —ß‡§√“–Àå [34] „π°“√»÷°…“°“√¬àÕ¬ ≈“¬æ≈“ µ‘°®÷ß¡’§«“¡ ”§—≠„π°“√·°â‰¢
ªí≠À“æ≈“ µ‘°∑’Ë‡æ‘Ë¡¢÷Èπ °“√»÷°…“°≈‰°°“√ —ß‡§√“–Àå·≈–¬àÕ¬ ≈“¬æ≈“ µ‘°∑’Ë “¡“√∂¬àÕ¬ ≈“¬‡Õß„π
∏√√¡™“µ‘‰¥â¡’√“¬ß“π¡“°¡“¬ ·µàæ∫«à“™π‘¥¢Õß®ÿ≈‘π∑√’¬å∑’Ë¡’√“¬ß“π«à“¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬
æ≈“ µ‘°π—Èπ¬—ß¡’Õ¬Ÿà‡ªìπ®”π«ππâÕ¬

µ—Èß·µà™à«ßµâπªï §.». 1970 ‰¥â¡’°“√»÷°…“°“√¬àÕ¬ ≈“¬ PCL ¥â«¬®ÿ≈‘π∑√’¬å∑’Ë·¬°‰¥â®“°
§Õ¡‚æ µå ‚¥¬°“√µ—¥ “¬æÕ≈‘‡¡Õ√å¢Õß PCL ´÷Ëß®–„™â‡ªìπ·À≈àß§“√å∫Õπ·≈–æ≈—ßß“π „π√–À«à“ß
°“√¬àÕ¬ ≈“¬π—Èπ®–¡’°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‡°‘¥¢÷Èπ [35] PCL ‡ªìπæÕ≈‘‡¡Õ√å —ß‡§√“–Àå∑’Ë¡’‚§√ß √â“ß
‰¡à´—∫´âÕπ ‰¡à≈–≈“¬πÈ” ‡ªìπ “√µ—Èßµâπ∑’Ë‡µ√’¬¡ßà“¬„π°“√π”¡“‡ªìπ —∫ ‡µ√∑ ”À√—∫§—¥‡≈◊Õ°‡™◊ÈÕ®ÿ≈‘π∑√’¬å
µàÕ¡“„πªï §.». 1993 Nishida ·≈– Tokiwa [26] ‰¥â»÷°…“®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ ≈“¬ PHB ·≈–
PCL ∑’Ë·¬°‰¥â®“°¥‘π∑’Ë‡°Á∫¡“®“°∫√‘‡«≥µà“ßÊ „π‡¡◊Õß Tsukuba ª√–‡∑»≠’ËªÿÉπ ´÷Ëßª√–°Õ∫¥â«¬∫√‘‡«≥
·À≈àßπÈ”∑‘Èß °ÕßªÿÜ¬À¡—° µ–°Õπ®“°°“√∫”∫—¥πÈ”‡ ’¬ ¥‘π®“°ªÉ“ ø“√å¡ ¥‘π®“°π“¢â“« ·≈–¥‘π√‘¡∂ππ
‡ªìπµâπ ‚¥¬‰¥â∑”°“√‡°Á∫µ—«Õ¬à“ß¥‘π®“°·À≈àßµà“ßÊ ¡“≈–≈“¬„π basal medium (pH 7.0) ·≈–∑”°“√
‡®◊Õ®“ß∑’Ë 10-104 ‡∑à“ ®“°π—Èππ”¡“‡°≈’Ë¬ (spread) ≈ß∫πÕ“À“√·¢Áß (agar plate) ·≈–∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 ÌC
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 —ß‡°µ‚§‚≈π’·≈–«ß„  (clear zone) ∫π®“π‡æ“–‡™◊ÈÕ´÷Ëß™à«ß‡«≈“∑’Ë„™â„π°“√∫à¡√–À«à“ß 10-30 «—π ®“°
º≈°“√∑¥≈Õßæ∫«à“ % total colony counts ¢Õß®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ PHB ·≈– PCL §◊Õ 0.2-11.4%
·≈– 0.8-11.0% µ“¡≈”¥—∫ ®“°º≈°“√∑¥≈Õßπ’Èæ∫«à“¡’®ÿ≈‘π∑√’¬åÕ¬ŸàÀ≈“¬™π‘¥∑’Ë “¡“√∂¬àÕ¬ ≈“¬‰¥â
®“°¥‘π∫√‘‡«≥∑’Ë·µ°µà“ß°—π „π°“√§—¥·¬°‡™◊ÈÕ®“°µ—«Õ¬à“ß¥‘π ®–„™âÕ“À“√·¢Áß∑’Ë¡’ à«πª√–°Õ∫¢Õß PHB
·≈– PCL ‡™◊ÈÕ™π‘¥„¥∑’Ë “¡“√∂¬àÕ¬ ≈“¬æ≈“ µ‘°π’È‰¥â°Á®–‡°‘¥‡ªìπ«ß„ ∫π®“π‡æ“–‡™◊ÈÕ ‡π◊ËÕß®“°
®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ PCL ‰¥âπ—Èπ®–ª≈¥ª≈àÕ¬ extracellular enzyme ÕÕ°¡“¬àÕ¬·≈–·æ√à‡¢â“‰ª„π
Õ“À“√·¢Áß‡æ◊ËÕ„Àâ‰¥âº≈º≈‘µ∑’Ë≈–≈“¬πÈ”‰¥â [36] ‡∑§π‘§π’È‡ªìπ«‘∏’∑’Ëßà“¬·≈–π‘¬¡π”¡“„™â„π°“√»÷°…“°“√
¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ „πªï §.». 1996 Murphy ·≈–§≥– [37] æ∫«à“‡™◊ÈÕ√“∑’Ë¡’≈—°…≥–‡ªìπæ«°
phytopathogens ¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ PCL ´÷Ëß®–ª≈àÕ¬‡Õπ‰´¡å cutinase (serine hydrolase)
∑’Ë¬àÕ¬ cutin ÕÕ°¡“ ‚¥¬‰¥â∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫„π wild-type strain ·≈– cutinase-negative gene
replacement mutant strain ¢Õß Fusarium solani f. sp. pisi æ∫«à“ wild-type strain ¢Õß Fusarium
moniliforme ¡’‡Õπ‰´¡å Fusarium cutinase §◊Õ PCL depolymerase ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë„™â„π°“√¬àÕ¬
 ≈“¬æ«° PCL ´÷Ëß‡Õπ‰´¡åπ’È “¡“√∂¬àÕ¬ ≈“¬æ«°æÕ≈‘‡Õ ‡∑Õ√å∑’Ë‰¡à≈–≈“¬πÈ” (insoluble polyester)
·≈â«‡ª≈’Ë¬π‡ªìπº≈º≈‘µ∑’Ë≈–≈“¬‰¥â„ππÈ”´÷Ëßπ”¡“„™â‡ªìπ·À≈àß§“√å∫Õπ·≈–æ≈—ßß“π¢Õß®ÿ≈‘π∑√’¬å πÕ°®“°π’È
¬—ßæ∫«à“ PCL depolymerase ¬—ß¡’≈—°…≥–‡À¡◊Õπ°—∫æ«° esterase, lipase ·≈– cutinase  à«π„π
·∫§∑’‡√’¬æ∫«à“ ‡™◊ÈÕ Alcaligenes faecalis strain 273  “¡“√∂¬àÕ¬ PCL ·≈–º≈‘µ‡Õπ‰´¡å PCL
depolymerase ÷́Ëß¡’≈—°…≥–§≈â“¬°—∫ lipase [38] µàÕ¡“„πªï §.». 1998 Kleeberg ·≈–§≥– [39]
·¬°‡™◊ÈÕ Thermobifida fusca ‰¥â®“°§Õ¡‚æ µå´÷Ëß “¡“√∂¬àÕ¬ BTA-copolyester (copolyesters
®“° 1,4-butanediol, terephthalic acid ·≈– adipic acid) ®ÿ≈‘π∑√’¬å™π‘¥π’È‡ªìπ™π‘¥∑π√âÕπ∑’Ë¡’∫∑∫“∑
 ”§—≠„π°√–∫«π°“√À¡—°ªÿÜ¬‡æ√“–πÕ°®“°®–¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ‰¥â·≈â«¬—ß∑πµàÕÕÿ≥À¿Ÿ¡‘ Ÿß‰¥â
µàÕ¡“„πªï §.». 2000 Sanchez ·≈–§≥– (2000) [40] »÷°…“°“√¬àÕ¬ ≈“¬·ºàπøî≈å¡¢Õß PCL, PHB
·≈– PBSA ¥â«¬ Aspergillus sp. strain ST-01 ´÷Ëß∑π§«“¡√âÕπ∑’Ë 50 ÌC æ∫«à“‡™◊ÈÕ√“ “¡“√∂¬àÕ¬
µ—«Õ¬à“ßøî≈å¡‰¥â¡“°∂÷ß 90% „πªï §.». 2001 Sakai ·≈–§≥– [41] ·¬°‡™◊ÈÕ Bacillus smithii
strain PL21 ®“°∂—ßÀ¡—°¢¬– (garbage fermentor) ÷́Ëß “¡“√∂º≈‘µ‡Õπ‰´¡å esterase ¬àÕ¬ poly-L-
lactide ‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 65 ÌC pH 5.0 ‚¥¬ poly-L-lactide º≈‘µ¡“®“°°√–∫«π°“√‡ª≈’Ë¬π√Ÿª‚¥¬®ÿ≈‘π∑√’¬å
¢ÕßÕ‘π∑√’¬«—µ∂ÿ∑’Ë‡À≈◊Õ„™â (organic waste material) ·≈–‚¥¬ªØ‘°‘√‘¬“‡§¡’ [42] ‡™àπ ·ªÑß¢â“«‚æ¥
(corn starch) µàÕ¡“„πªï §.». 2005 Maeda ·≈–§≥– [43] »÷°…“°“√º≈‘µ‡Õπ‰´¡å∑’Ë “¡“√∂¬àÕ¬ ≈“¬
PBS ·≈– PBSA ®“°‡™◊ÈÕ√“ Aspergillus oryzae ‚¥¬¥Ÿ®“°§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°„π
culture supernatant ·≈–·¬°‰¥â‡Õπ‰´¡å∑’Ë¡’≈”¥—∫°√¥Õ–¡‘‚π‡À¡◊Õπ°—∫ cutinase ¡’¡«≈‚¡‡≈°ÿ≈ª√–¡“≥
21.6 kDa πÕ°®“°π’È¬—ß¡’√“¬ß“π«à“‡™◊ÈÕ√“„π®’π—  Fusarium  “¡“√∂ª≈àÕ¬‡Õπ‰´¡å depolymerase
¡“¬àÕ¬ ≈“¬æÕ≈‘‡Õ ‡∑Õ√å∑’Ë‰¡à “¡“√∂≈–≈“¬πÈ”‰¥â ·≈–π”‰ª„™â‡ªìπ·À≈àß§“√å∫Õπ ¥—ßπ—Èπ‡Õπ‰´¡å
lipase, esterase ·≈– cutinase ¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ PCLπÕ°®“°π’È Kleeberg ·≈–§≥– (2005)
[44] ‰¥â∑”°“√·¬°·≈–»÷°…“≈—°…≥–¢Õß‡Õπ‰´¡å extracellular hydrolase ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’ËµâÕß‡≈’È¬ß
‡™◊ÈÕ∑’ËÕ¬Ÿà„πÕ“À“√∑’Ë¡’ à«πª√–°Õ∫¢Õß‡Õ ‡∑Õ√å®÷ß®–¡’°“√· ¥ßÕÕ°¢Õß¬’π‡°‘¥¢÷Èπ (inducible enzyme)
·≈–®—¥‡ªìπ thermophilic enzyme (Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡§◊Õ 65 ÌC) ¡’¡«≈‚¡‡≈°ÿ≈‚ª√µ’πª√–¡“≥ 28 kDa
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·≈–¡’≈”¥—∫°√¥Õ–¡‘‚π∑’Ë‡À¡◊Õπ°—∫ lipase ®“° Streptomyces albus (65%) ∫√‘‡«≥ active site ®–
¡’≈”¥—∫°√¥Õ–¡‘‚π -G-X1-S-X2-G- Õ¬à“ß‰√°Áµ“¡≈—°…≥–°“√¬àÕ¬ ≈“¬¢Õß‡Õπ‰´¡å extracellular
hydrolase °Á·µ°µà“ß®“° lipase ∑—Ë«‰ª ‚¥¬ lipase ®–µ—¥æ—π∏–‡Õ ‡∑Õ√å∑’Ë∫√‘‡«≥ hydrophobic surface
 à«π‡Õπ‰´¡å extracellular hydrolase  “¡“√∂¬àÕ¬ ≈“¬æ—π∏–‡Õ ‡∑Õ√å‚¥¬ esterase · ¥ß«à“‡Õπ‰´¡å
extracellular hydrolase ¡’Àπâ“∑’Ë°“√∑”ß“π§≈â“¬ esterase

ª√–‡∑»‰∑¬¡’π—°«‘∑¬“»“ µ√å∑’Ë‰¥â»÷°…“«‘®—¬‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ
‡™àπ°—π „πªï §.». 2009 Sukkhum ·≈– §≥– [45] ·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬ L-PLA ®“°¥‘π„πªÉ“¢Õß
ª√–‡∑»‰∑¬ æ∫«à“·¬°‰¥â∑—Èß ‘Èπ 13 strain ∑’ËÕ¬Ÿà„π family Thermomonosporaceae, Micromonosporaceae,
Streptosporangiaceae, Bacillaceae ·≈– Thermoactinomycetaceae ‚¥¬‡™◊ÈÕ·∫§∑’‡√’¬ Actinomadura
sp. strain T16-1  “¡“√∂¬àÕ¬ ≈“¬‰¥â Ÿß∑’Ë ÿ¥‡¡◊ËÕ‡≈’È¬ß„πÕ“À“√‡À≈«·≈–„™â·ºàπøî≈å¡ L-PLA ‡ªìπ
·À≈àß§“√å∫Õπ ‡¡◊ËÕ»÷°…“‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√¬àÕ¬ ≈“¬æ∫«à“‡ªìπ‡Õπ‰´¡å serine protease
¢π“¥¡«≈‚¡‡≈°ÿ≈ 30 kDa ¡’§à“ pH ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡Õ¬Ÿà∑’Ë 10.0 ·≈– 70 ÌC µ“¡≈”¥—∫ ‡Õπ‰´¡å
¡’§à“§«“¡‡ ∂’¬√∑’Ë§à“ pH 11.0-12.0 ·≈–¡’§«“¡‡ ∂’¬√∑’ËÕÿ≥À¿Ÿ¡‘ 70 ÌC ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ‡π◊ËÕß®“°
‡ªìπ‡™◊ÈÕ∑’Ë∑π√âÕπ·≈–º≈‘µ‡Õπ‰´¡å∑’Ë∑π√âÕπ‰¥â Ÿß®÷ß‡À¡“– ¡∑’Ë®–π”‰ª„™â„πÕÿµ “À°√√¡ Sukkhum ·≈–
§≥– (2009) [46] ‰¥âµàÕ¬Õ¥ß“π«‘®—¬‚¥¬°“√»÷°…“°√–∫«π°“√º≈‘µ‡Õπ‰´¡å®“°‡™◊ÈÕ Actinomadura sp.
strain T16-1 ‚¥¬Õ“»—¬À≈—°°“√æ◊Èπº‘«º≈µÕ∫ πÕß (Response Surface Methodology, RSM) ¡“
„™â„π°“√»÷°…“ªí®®—¬∑’Ë¡’º≈„π°“√º≈‘µ‡Õπ‰´¡å ‡™àπ ·À≈àß§“√å∫Õπ ·À≈àß‰π‚µ√‡®π ∑’Ë‡ªìπ à«πª√–°Õ∫„π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ

πÕ°®“°π’È Somyoonsap ·≈– Siripoke (2009) [47] »÷°…“‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑π√âÕπ∑’Ë¬àÕ¬ ≈“¬
PCL ®“°µ—«Õ¬à“ß¥‘π∑’Ë‡°Á∫®“°°Õß¢¬–„πª√–‡∑»‰∑¬·≈–§—¥‡≈◊Õ°‡™◊ÈÕ∑’Ë¬àÕ¬ ≈“¬ PCL ‰¥â‚¥¬«‘∏’°“√
‡°‘¥«ß„ ∫πÕ“À“√·¢Áßæ∫«à“ ·¬°‡™◊ÈÕ‰¥â 11 ‰Õ‚´‡≈∑ ‡¡◊ËÕ∫à¡‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 55 ÌC ·≈–®—¥®”·π° “¬
æ—π∏ÿå‚¥¬Õ“»—¬≈”¥—∫‡∫ ¢Õß 16S rDNA æ∫«à“‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë·¬°‰¥â ‰¥â·°à  “¬æ—π∏ÿå S11, S12,
S41, S42, S61, S81 ·≈– S82 ®–§≈â“¬§≈÷ß°—∫‡™◊ÈÕ Brevibacillus thermoruber (99%)  à«π “¬æ—π∏ÿå
S21 ·≈– S23 ®–§≈â“¬§≈÷ß°—∫‡™◊ÈÕ Brevibacillus brevis (99%) ·≈–„π “¬æ—π∏ÿå S43 ®–§≈â“¬§≈÷ß
°—∫‡™◊ÈÕ Ureibacillus suwonensis (99%) „π à«π¢Õß actinomycete ∑’Ë·¬°‰¥â ‰¥â·°à “¬æ—π∏ÿå S14
¡’§«“¡§≈â“¬§≈÷ß°—∫ Actinomadura keratinilytica (99%)  ”À√—∫°“√»÷°…“°“√¬àÕ¬ ≈“¬ PCL æ∫«à“
 “¬æ—π∏ÿå S21 ·≈– S23  “¡“√∂‡®√‘≠·≈–¬àÕ¬ ≈“¬ PCL ‰¥âÕ¬à“ß√«¥‡√Á«‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫°—∫
 “¬æ—π∏ÿåÕ◊ËπÊ

®“°√“¬ß“π∑’Ë°≈à“«¡“ ®–‡ÀÁπ‰¥â«à“®ÿ≈‘π∑√’¬å∑’Ë·¬°‰¥â®“°¥‘π¡’Õ¬ŸàÀ≈“¬™π‘¥ ∑—Èß·∫§∑’‡√’¬
∑π√âÕπ ·≈–‡™◊ÈÕ√“ ´÷Ëß “¡“√∂¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ‰¥âÀ≈“¬™π‘¥ · ¥ß«à“‡™◊ÈÕ‡À≈à“π’È®–µâÕß¡’°≈‰°∑’Ë
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