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The Role of Bacteria on Bioplastic
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ABSTRACT

Plastics are widely used materials as they have many good properties such as
lightweight, inexpensive and durable which can be mould into various products. However,
most plastics are non-degradable which can be accumulated and generated environment
problems. Recycling is promoted to solve plastic waste problem with limited success. This led to
research and development on biodegradable plastic using agricultural raw materials.
The degradation process occurs by the microorganism such as fungi, bacteria. Bioplastics are
popular and widely recognized in current such as polyhydroxyalkanoates (PHA),
polyhydroxybutyrate (PHB) and polylactic acid (PLA). Production of these bioplastics in
response to an increased plastic demand will help reduce the environmental impact in the
long run.
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æ≈“ µ‘°™’«¿“æ
æ≈“ µ‘°™’«¿“æ (bioplastic) À√◊Õæ≈“ µ‘°∑’Ë¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬‰¥â∑“ß™’«¿“æ

(biodegradable plastic) §◊Õ æ≈“ µ‘°∑’Ë¡’°“√¬àÕ¬ ≈“¬‚¥¬Õ“»—¬°“√∑”ß“π¢Õß®ÿ≈‘π∑√’¬å∑’Ë¡’Õ¬Ÿà„π∏√√¡™“µ‘
‡™àπ ·∫§∑’‡√’¬ √“ ·≈– “À√à“¬ ‡ªìπµâπ [1] ‚¥¬ “¡“√∂·∫àßµ“¡«—µ∂ÿ¥‘∫∑’Ë„™â„π°“√º≈‘µÕÕ°‡ªìπ 2
ª√–‡¿∑ §◊Õ æ≈“ µ‘°¬àÕ¬ ≈“¬‰¥â∑“ß™’«¿“æ∑’Ëº≈‘µ®“°º≈‘µ¿—≥±åªî‚µ√‡§¡’ (petroleum-based
biodegradable plastics) ‡™àπ æÕ≈‘‰«π‘≈·Õ≈°ÕŒÕ≈å (polyvinyl alcohol, PVA) æÕ≈‘‡Õ ‡∑Õ√å
 —ß‡§√“–Àå·∫∫ “¬‚´àµ√ß ‡™àπ æÕ≈‘§“√å‚ª√·≈§‚∑π (polycaprolactone, PCL) ‡ªìπµâπ ·≈–æ≈“ µ‘°
¬àÕ¬ ≈“¬‰¥â∑“ß™’«¿“æ∑’Ëº≈‘µ®“°«—µ∂ÿ¥‘∫¡«≈™’«¿“æ (bio-based biodegradable plastics) ‡™àπ
æÕ≈‘·≈°µ‘°·Õ´‘¥ (polylactic acid, PLA) æÕ≈‘‰Œ¥√Õ°´’Õ—≈§“‚π‡Õµ (polyhydroxyalcanoate,
PHA) ·≈–æÕ≈‘‰Œ¥√Õ°´’∫‘«∑‘‡√µ (polyhydroxybutyrate, PHB) ‡ªìπµâπ [2]

„π à«π¢Õß∫∑§«“¡©∫—∫π’È®–¢Õ°≈à“«∂÷ßæ≈“ µ‘°™’«¿“æ∫“ßª√–‡¿∑∑’Ëπà“ π„® §◊Õ PHA,
PLA ·≈– PHB ‡π◊ËÕß®“°‡ªìπ∑’Ëπ‘¬¡„™â∑—Ë«‰ª„π∑“ß°“√§â“„π¢≥–π’È ‚¥¬æ≈“ µ‘°¥—ß°≈à“«º≈‘µ®“°«— ¥ÿ
∏√√¡™“µ‘´÷Ëß “¡“√∂‡°‘¥¢÷Èπ„À¡à·≈–∑¥·∑π‰¥â (renewable resources) ‡™àπ ‡´≈≈Ÿ‚≈  (cellulose)
§Õ≈≈“‡®π (collagen) ‡§´’π (casein) æÕ≈‘‡Õ ‡∑Õ√å (polyester) ·ªÑß (starch) ‚ª√µ’π®“°∂—Ë« ·≈–
¢â“«‚æ¥ ‡ªìπµâπ [3] ´÷Ëßª√–‡∑»‰∑¬‰¥â™◊ËÕ«à“‡ªìπª√–‡∑»‡°…µ√°√√¡ ¡’æ◊™º≈∑“ß°“√‡°…µ√®”æ«°·ªÑß
·≈–πÈ”µ“≈ ‡™àπ ¢â“«‚æ¥ ¡—π ”ª–À≈—ß ÕâÕ¬ √«¡‰ª∂÷ß¡«≈™’«¿“æÕ◊ËπÊ ∑’Ë¡’»—°¬¿“æ·≈–√“§“∂Ÿ°  “¡“√∂
π”¡“„™â‡ªìπ«—µ∂ÿ¥‘∫µ—Èßµâπ„π°“√º≈‘µæ≈“ µ‘°™’«¿“æ‰¥â ‡ªìπ°“√‡æ‘Ë¡¡Ÿ≈§à“„Àâ°—∫º≈º≈‘µ∑“ß°“√‡°…µ√
´÷ËßπÕ°®“°°“√º≈‘µæ≈“ µ‘°™’«¿“æ®–™à«¬≈¥ªí≠À“¢¬–·≈â«¬—ß™à«¬≈¥°“√„™â«—µ∂ÿ¥‘∫ªî‚µ√‡≈’¬¡∑’Ë°àÕ„Àâ
‡°‘¥º≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡Õ’°¥â«¬

°√–∫«π°“√¬àÕ¬ ≈“¬¢Õßæ≈“ µ‘°™’«¿“æ
°≈‰°°“√¬àÕ¬ ≈“¬‡√‘Ë¡µâπ®“°®ÿ≈‘π∑√’¬å‡®√‘≠·≈– √â“ß‚§‚≈π’∫πæ◊Èπº‘«¢Õßæ≈“ µ‘° ·≈–‡√‘Ë¡

°√–∫«π°“√¬àÕ¬‚¥¬Õ“»—¬‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫ªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ‘́  (hydrolysis) ÷́Ëß‡Õπ‰´¡å®–‰ª®—∫°—∫
æÕ≈‘‡¡Õ√å ®“°π—Èπ®–‡√àß„Àâ‡°‘¥ªØ‘°‘√‘¬“‰Œ‚¥√‰≈µ‘°§≈’‡«® (hydrolytic cleavage) ∑”„ÀâæÕ≈‘‡¡Õ√å¡’¢π“¥
·≈–πÈ”Àπ—°‚¡‡≈°ÿ≈∑’Ë≈¥≈ßª√“°Ø„π√Ÿª¢Õß‰¥‡¡Õ√å (dimer) ·≈–¡ÕπÕ‡¡Õ√å (monomer) º≈≈—æ∏å
 ÿ¥∑â“¬¢Õß°√–∫«π°“√¬àÕ¬®–‰¥âæ≈—ßß“π·≈– “√ª√–°Õ∫ ‡™àπ ·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å ·°ä ¡’‡∑π
°√¥·≈°µ‘° ·√à∏“µÿµà“ßÊ ¡«≈™’«¿“æ (biomass) ·≈–πÈ” ´÷Ëß‡ªìπ ‘Ëß®”‡ªìπ„π°“√‡®√‘≠‡µ‘∫‚µ·≈–¥”√ß™’«‘µ
¢Õß ‘Ëß¡’™’«‘µ [2] ‚¥¬§«“¡·µ°µà“ß¢Õßº≈‘µ¿—≥±å∑’Ë‰¥â®“°°√–∫«π°“√¬àÕ¬ ≈“¬æ≈“ µ‘°™’«¿“æ¢÷ÈπÕ¬Ÿà°—∫
√Ÿª·∫∫¢Õß°“√¬àÕ¬ (√Ÿª∑’Ë 1)



SWU Sci. J. Vol. 28 No. 2 (2012)288

√Ÿª∑’Ë 1 ·ºπ¿“æ°“√¬àÕ¬ ≈“¬¢Õßæ≈“ µ‘°™’«¿“æ [4]

æÕ≈‘‰Œ¥√Õ° ’́Õ—≈§“‚π‡Õµ (Polyhydroxyalkanoate, PHA)
æÕ≈‘‰Œ¥√Õ° ’́Õ—≈§“‚π‡Õµ‡ªìπæÕ≈‘‡Õ ‡∑Õ√å∑’Ë —ß‡§√“–Àå‰¥â∑“ß∏√√¡™“µ‘‚¥¬®ÿ≈‘π∑√’¬å∑’Ë‰¥â√—∫

§«“¡π‘¬¡„πªí®®ÿ∫—πÕ’°™π‘¥Àπ÷Ëß ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ∑’Ë‚¥¥‡¥àπÀ≈“¬ª√–°“√ ‡™àπ ¡’πÈ”Àπ—°
‚¡‡≈°ÿ≈ Ÿß ‡ªìπæ≈“ µ‘°∑’Ë∑πµàÕ§«“¡√âÕπ (thermoplastics) ¡’§«“¡¬◊¥À¬ÿàπ‡™àπ‡¥’¬«°—∫¬“ß∏√√¡™“µ‘
(elastomeric) [5] ́ ÷Ëß§≈â“¬°—∫æ≈“ µ‘° —ß‡§√“–Àåª√–‡¿∑æÕ≈‘‡Õ∑∑‘≈’π (polyethylene) ·≈–æÕ≈‘‚æ√æ‘≈’π
(polypropylene) ·µàµà“ß°—πµ√ß∑’Ë PHA  “¡“√∂¬àÕ¬ ≈“¬‰¥âßà“¬„π∏√√¡™“µ‘ ∂÷ß·¡â«à“„πªí®®ÿ∫—π®–¡’°“√
§âπæ∫Õπÿæ—π∏åæÕ≈‘‡Õ ‡∑Õ√å∑’ËÕ¬Ÿà„π°≈ÿà¡π’È¡“°°«à“ 100 ™π‘¥ ·µà¡’‡æ’¬ß‰¡à°’Ë™π‘¥∑’Ë‡ªìπ∑’Ë√Ÿâ®—°°—π·æ√àÀ≈“¬
‚¥¬Õπÿæ—π∏åæÕ≈‘‡¡Õ√å∑’Ë‡ªìπ∑’Ë√Ÿâ®—°¡“°∑’Ë ÿ¥ ‰¥â·°à P3HB ´÷Ëß∂Ÿ°§âπæ∫‡ªìπ§√—Èß·√°„πªï §.». 1926 ‚¥¬
Lemoigne π—°«‘∑¬“»“ µ√å®“° ∂“∫—π Pasteur °√ÿßª“√’  [6] ∑—Èßπ’È§à“„™â®à“¬„π°√–∫«π°“√º≈‘µ PHA
π—Èπ¡’√“§“ Ÿß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫æ≈“ µ‘° —ß‡§√“–Àå∑’Ë‰¡à “¡“√∂¬àÕ¬ ≈“¬∑“ß™’«¿“æ‰¥â ∑”„Àâ¡’°“√§âπÀ“
«— ¥ÿ∑’Ë¡’√“§“∂Ÿ°·≈–À“‰¥âßà“¬‡æ◊ËÕ≈¥µâπ∑ÿπ ‡™àπ Chakravarty ·≈–§≥– [7] ‰¥â∑”°“√»÷°…“°“√º≈‘µ PHA
®“°√–∫∫∫”∫—¥πÈ”‡ ’¬æ∫«à“ªí®®—¬À≈—°∑’Ë‡æ‘Ë¡µâπ∑ÿπ„π°“√º≈‘µ §◊Õ ·À≈àß§“√å∫Õπ∑’Ë„™â„π°“√º≈‘µ
πÕ°®“°π’È Jantima ·≈–§≥– [8] ‰¥âπ”πÈ”‡ ’¬∑’Ë‰¥â®“°°√–∫«π°“√º≈‘µ‰∫‚Õ¥’‡´≈¡“„™â„π°“√‡æ“–‡≈’È¬ß
·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘µ PHA ‚¥¬¡’ crude glycerol ‡ªìπ·À≈àß§“√å∫Õπ æ∫«à“ ·∫§∑’‡√’¬®’π— 
Novosphingobium ¡’§«“¡ “¡“√∂„π°“√º≈‘µ PHA ‰¥â¥’∑’Ë ÿ¥ ‚¥¬„Àâº≈º≈‘µ 0.29 g PHAs g-1

®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥ ‡™àπ Alcaligenes, Azotobacter, Bacillus, Pseudomonas, Variovorax,
Stenotrophomonas, Acinetobacter, Xanthomonas, Penicillium, Paecilomyces, Acremonium,
Verticillium ·≈– Zygosporium ‡ªìπµâπ [9]  “¡“√∂ – ¡ PHA ¿“¬„π‡´≈≈å„π√Ÿª¢Õß amorphous
granules [5] ¿“¬„π‰´‚µæ≈“  ÷́¡ (√Ÿª∑’Ë 2) ‡ªìπ·À≈àß§“√å∫Õπ·≈–·À≈àß – ¡æ≈—ßß“π‡æ◊ËÕ„™â„π ¿“«–
∑’Ë ‰¡à‡À¡“– ¡µàÕ°“√‡®√‘≠¢Õß®ÿ≈‘π∑√’¬å ‡™àπ ª√‘¡“≥ÕÕ°´‘‡®π ‰π‚µ√‡®π À√◊Õ “√Õ“À“√∑’Ë∂Ÿ°®”°—¥
[10, 11] æÕ≈‘‡¡Õ√å∑’Ë √â“ß¢’Èπ®–¡’°“√ – ¡∫√‘‡«≥ºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å ´÷Ëß®ÿ≈‘π∑√’¬å®–¡’°“√À≈—Ëß‡Õπ‰´¡å

Microbial enzyme hydrolysis 

Microbial metabolism (Aerobic) Microbial metabolism (Anaerobic) 

Polymer

Oligomers, dimers, monomers

CO2, water Methane, H2S, CO2, water
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√Ÿª∑’Ë 3 ‚§√ß √â“ß∑“ß‡§¡’¢Õß PHA [13]

√Ÿª∑’Ë 2 PHA granule ¿“¬„π‰´‚µæ≈“  ÷́¡¢Õß‡´≈≈å·∫§∑’‡√’¬ [8]

extracellular hydrolases ‡æ◊ËÕ„™â„π°“√‡ª≈’Ë¬πæÕ≈‘‡¡Õ√å„Àâ‡ªìπ¡ÕπÕ‡¡Õ√å¢Õß hydroxyl acid [12]
´÷Ëß PHA ¡’‚§√ß √â“ßÕ¬Ÿà„π√Ÿª R-(3)-hydroxy fatty acid À√◊Õ R-β-hydroxy fatty acid (√Ÿª∑’Ë 3)

PHA ·∫àßÕÕ°‡ªìπ 3 ª√–‡¿∑ µ“¡®”π«π§“√å∫Õπ„πÀπà«¬¡ÕπÕ‡¡Õ√å §◊Õ short chain
length PHA (scl PHA) ÷́Ëß®–¡’®”π«π§“√å∫ÕπÕ¬Ÿà„π™à«ß 3-5 Õ–µÕ¡  à«π medium chain length
PHA (mcl PHA) ¡’§“√å∫Õπ 6-14 Õ–µÕ¡ ·≈– long chain length PHA (lcl PHA) ¡’§“√å∫Õπ¡“°°«à“
14 Õ–µÕ¡¢÷Èπ‰ª [14]

°√–∫«π°“√ —ß‡§√“–Àå PHA
·∫§∑’‡√’¬∑’Ë “¡“√∂‡ª≈’Ë¬π‚§√ß √â“ß∑“ß‡§¡’¢ÕßπÈ”µ“≈„Àâ‡ªìπ PHA ‡æ◊ËÕ‡ªìπ·À≈àß – ¡

Õ“À“√ª√–‡¿∑§“√å∫Õπ·≈–·À≈àßæ≈—ßß“π„Àâ·°à‡´≈≈å„π°“√µÕ∫ πÕßµàÕ ¿“«–‡§√’¬¥µàÕ ‘Ëß·«¥≈âÕ¡
À√◊Õ ¿“«–∑’Ë°“√‡®√‘≠∂Ÿ°®”°—¥·≈–¡’·À≈àß§“√å∫Õπ¡“°‡°‘π‰ª ‚¥¬®–º≈‘µ‡°Á∫‰«â¿“¬„π‡´≈≈å¢Õß·∫§∑’‡√’¬
´÷Ëß “¡“√∂·¬°ÕÕ°¡“‰¥â‚¥¬°“√∑”„Àâºπ—ß‡´≈≈å·∫§∑’‡√’¬·µ°ÕÕ° πÕ°®“°π’È¬—ß¡’°“√π”‡Õ“§«“¡√Ÿâ∑“ß
‡∑§‚π‚≈¬’™’«¿“æ‡¢â“¡“„™â„π°“√º≈‘µ PHA ®“°æ◊™ ‚¥¬°“√π”¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ √â“ßæÕ≈‘‡¡Õ√å®“°
®ÿ≈‘π∑√’¬å‰ª„ à„πæ◊™‡ªÑ“À¡“¬ ‡æ◊ËÕ„Àâæ◊™ “¡“√∂º≈‘µ PHA ‰¥â‚¥¬µ√ß®“°°√–∫«π°“√ —ß‡§√“–Àå· ß
‚¥¬„™â·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–πÈ” ·≈– PHA ∑’Ëº≈‘µ‰¥â®– – ¡„π à«πµà“ßÊ ‡™àπ ‡¡≈Á¥ „∫



SWU Sci. J. Vol. 28 No. 2 (2012)290

°“√ —ß‡§√“–Àå PHA ª√–°Õ∫‰ª¥â«¬ 3 °√–∫«π°“√∑’Ë ”§—≠ ‰¥â·°à de novo fatty acid
biosynthesis, chain elongation ·≈– fatty acid β-oxidation ´÷Ëß∑—Èß 3 °√–∫«π°“√®–¡’°“√π”
 “√ª√–°Õ∫§“√å∫Õπ‰ª —ß‡§√“–Àå PHA ‰¥â·°à (R)-3-hydroxyacyl carrier protein (ACP), ketoacyl-
Co A, (S)-3-hydroxyacyl-Co A ·≈– 2-trans-enoyl-Co A ‚¥¬Õ“»—¬°“√∑”ß“π¢Õß‡Õπ‰´¡å
3-hydroxyacyl-acyl-CoA-ACP transferase, ketoacyl-Co A reductase, 3-hydroxyacyl-Co A
epimerase ·≈– enoyl-Co A hydratase ‡æ◊ËÕ‡ª≈’Ë¬π “√ª√–°Õ∫§“√å∫Õπ¥—ß°≈à“«„ÀâÕ¬Ÿà„π√Ÿª¢Õß
(R)-3-hydroxyacyl-acyl-Co A À≈—ß®“°π—Èπ®–‡°‘¥°√–∫«π°“√æÕ≈‘‡¡Õ√å‰√‡´™—Ëπ (polymerization)
‚¥¬‡Õπ‰´¡å PHA polymerase ·≈–‰¥â PHA ‡ªìπº≈‘µ¿—≥±å [15]

°“√ —ß‡§√“–Àå PHA ‡°’Ë¬«¢âÕß°—∫‡Õπ‰´¡å PHA synthase ´÷Ëß∑”Àπâ“∑’Ë‡ªìπµ—«‡√àßªØ‘°‘√‘¬“
·≈–°“√∑”ß“π¢Õß pha CBA cluster (√Ÿª∑’Ë 4) ª√–°Õ∫¥â«¬ pha A, pha B ·≈– pha C ‚¥¬ pha A
®–∑”Àπâ“∑’Ë„π°“√§«∫§ÿ¡°“√ √â“ß‡Õπ‰´¡å β-ketothiolase ´÷Ëß¡’∫∑∫“∑„π°“√‡ªìπµ—«‡√àßªØ‘°‘√‘¬“‡æ◊ËÕ
‡ª≈’Ë¬π acetyl-Co A ‡ªìπ acetoacetyl-Co A  ”À√—∫ pha B ‡ªìπ à«π∑’Ë§«∫§ÿ¡°“√ √â“ß‡Õπ‰´¡å
NADPH-oxidoreductase ÷́Ëß‡°’Ë¬«¢âÕß°—∫°“√‡ª≈’Ë¬π acetoacetyl-Co A ‰ª‡ªìπ R-3-hydroxybutyryl-
Co A ·≈– pha C ‡°’Ë¬«¢âÕß°—∫°“√ √â“ß‡Õπ‰´¡å PHA polymerase ‚¥¬ —ß‡§√“–ÀåæÕ≈‘‡¡Õ√å®“°
R-3-hydroxybutyryl-Co A  à«π pha P ∑”Àπâ“∑’Ë √â“ß‚ª√µ’π phasin ∑”Àπâ“∑’Ë„π°“√§«∫§ÿ¡¢π“¥
®”π«π ·≈–æ◊Èπ∑’Ëº‘«¢Õß PHA inclusion °“√ —ß‡§√“–Àå·≈–°“√ – ¡ phasin ‡ªìπ°≈‰°∑’Ë‡°‘¥¢÷Èπ
√à«¡°—∫ pha R ÷́Ëß‡ªìπ autoregulate repressor ∑—Èßπ’È¬—ß¢÷Èπ°—∫ª√‘¡“≥¢Õß pha C ∑’Ë¡’Õ¬Ÿà„π‡´≈≈å·≈–
¬—ß‡°’Ë¬«¢âÕß°—∫ pha Z ´÷Ëß§«∫§ÿ¡°“√º≈‘µ‡Õπ‰´¡å¥’æÕ≈‘‡¡Õ√å‡√  (depolymerase) [16]

„π°√–∫«π°“√ —ß‡§√“–Àå PHA (PHA synthesis)  “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 4 pathway
∑’Ë¡’§«“¡·µ°µà“ß°—π [18] ´÷Ëß®–Õ“»—¬°“√∑”ß“π¢Õß‡Õπ‰´¡å 3 ™π‘¥„π°“√‡√àßªØ‘°‘√‘¬“ §◊Õ ‡Õπ‰´¡å
β-ketoacyl-Co A thiolase (phb A), ‡Õπ‰´¡å acetoacetyl Co A (phb B) ·≈–‡Õπ‰´¡å P (3HB)
polymerase (phb C) [19] ÷́Ëß„π·µà≈– pathway ®–¡’§«“¡·µ°µà“ß°—π ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß®ÿ≈‘π∑√’¬å∑’Ë
·µ°µà“ß°—π ¥—ßµ—«Õ¬à“ß‡™àπ

pha C pha B      pha A pha P pha Z

(1260 bp)(670 bp)(738 bp)(1179 bp)(1717 bp)

√Ÿª∑’Ë 4 ≈—°…≥– pha CBA cluster ¢Õß Ralstonia eutropha H16 [17]
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°√–∫«π°“√ —ß‡§√“–Àå PHA „π Ralstonia eutropha (Alcaligenes eutrophus)
„π R. eutropha °√–∫«π°“√‡¡·∑∫Õ≈‘́ ÷¡¢Õß§“√å‚∫‰Œ‡¥√µ®–π”‰ª Ÿà°“√‡√‘Ë¡µâπ°“√ —ß‡§√“–Àå

PHA ‚¥¬ªØ‘°‘√‘¬“·√°®–¡’°“√§«∫·πàπ (condensation) ¢Õß acetyl Coenzyme A (acetyl Co A) 2
‚¡‡≈°ÿ≈‡æ◊ËÕ‡ª≈’Ë¬π‰ª‡ªìπ acetoacetyl Co A ‚¥¬Õ“»—¬‡Õπ‰´¡å β-Ketoacyl-Co A thiolase À√◊Õ‡Õπ‰´¡å
β-ketothiolase ´÷Ëß®–∂Ÿ°§«∫§ÿ¡‚¥¬¬’π phb A ¢—ÈπµÕπµàÕ¡“®–‡°‘¥ stereospecific reduction ¢Õß
acetoacetyl Co A ‰ª‡ªìπ R-3-hydroxybutyryl Co A ‚¥¬Õ“»—¬ NADPH dependent acetoacetyl
Co A dehydrogenasse À√◊Õ reductase ́ ÷Ëß∂Ÿ°§«∫§ÿ¡‚¥¬¬’π phb B ·≈–„π¢—ÈπµÕπ ÿ¥∑â“¬®–‡°‘¥°√–∫«π°“√
polymerization À√◊Õ incorporation ¢Õß R-3-hydroxybutyryl Co A enantiomer ‡æ◊ËÕ‡ª≈’Ë¬π‡ªìπ
poly3-hydroxybutyrate ‚¥¬‡Õπ‰´¡å P(3HB) polymerase À√◊Õ PHB synthase ÷́Ëß∂Ÿ°§«∫§ÿ¡‚¥¬¬’π
phb C [20] (√Ÿª∑’Ë 5)

√Ÿª∑’Ë 5 °√–∫«π°“√ —ß‡§√“–Àå¢Õß PHA ®“°§“√å‚∫‰Œ‡¥√µ„π R. eutropha (1) (β-Ketothiolase,
(2) NADPH dependent acetoacetyl Co A reductase, (3) P (3HB) polymerase or
synthase [21]
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°√–∫«π°“√ —ß‡§√“–Àå„π Rhodopseudomonas rubrum
Pathway ª√–‡¿∑∑’Ë 2 æ∫„π Rhodopseudomonas rubrum ‚¥¬ β-oxidation ¢Õß°√¥‰¢¡—π

(fatty acid) ®–‡ªìπµ—«π”‰ª Ÿà°√–∫«π°“√ —ß‡§√“–Àå PHA ÷́Ëß„πªØ‘°‘√‘¬“·√°®–§≈â“¬§≈÷ß°—∫∑’Ëæ∫„π
R. eutropha ‡æ◊ËÕ„Àâ‰¥â acetoacetyl Co A ‡ªìπº≈≈—æ∏å ®“°π—Èπ®–¡’°“√ reduced ‡æ◊ËÕ‡ª≈’Ë¬π‰ª‡ªìπ
L-(+)- 3-hydroxybutyrl Co A ‚¥¬Õ“»—¬‡Õπ‰´¡å NADH depemdent reductase ·≈–„π¢—ÈπµÕπ ÿ¥∑â“¬
®–¡’°“√‡ª≈’Ë¬π L-(+)-3-hydroxybutyrl Co A ‰ª‡ªìπ D-(-)-3-hydroxybutyrl Co A ‚¥¬Õ“»—¬
‡Õπ‰´¡å enol Co A hydratase 2 ‚¡‡≈°ÿ≈ (√Ÿª∑’Ë 6)

√Ÿª∑’Ë 6 °√–∫«π°“√ —ß‡§√“–Àå PHB „π R. rubrum (1) Acyl Co A ligase, (2) Acyl Co A
dehydrogenase, (3) Enol Co A hydratase, (4) 3-Hydroxyacyl Co A dehydrogenase,
(5) 3-Ketoacyl Co A reductase, (6) R-enol Co A hydratase, (7) 3-Ketothiolase,
(8) PHB synthase [21]

 

7

FATTY ACID

Acyl Co A 

Enol Co A 

   (S)-3-hydroxyacyl Co A  

3-Ketoacyl Co A 

(R)-3-hydroxyacyl Co A 

P (3HB)n+1 

1 

2

3

4 

5

8

6 
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√Ÿª∑’Ë 7 °“√ —ß‡§√“–Àå PHA ®“° çde novo fatty acid synthesisé „π Pseudomonas group-II (1)
Acetyl Co A Carboxylase, (2) ACP malonyl transferase, (3) 3-Ketoacyl ACP-Synthase,
(4) 3-Ketoacyl ACP reductase, (5) 3-Hydroxyacyl ACP reductase, (6) Enol ACP
reductase, (7) 3-Ketoacyl ACP synthase, (8) 3-Hydroxy acyl ACP Co A transferase,
(9) PHB synthase [21]

SUGAR

Acetyl-Co A 

Malonyl-Co A 

Malonyl-ACP 

3-Ketoacyl-ACP 

(R)-3-Hydroxyacyl-ACP Enoyl-ACP

(R)-3-Hydroxyacyl-Co A 

P (3HB)n+1 

1 

2

3

4

8

9

7

5

6 

Acyl-ACP
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°√–∫«π°“√ —ß‡§√“–Àå„π Pseudomonas group I
Pathway ª√–‡¿∑∑’Ë 3 ¡—°æ∫„π Pseudomonas ´÷Ëß rDNA ¡’§«“¡ —¡æ—π∏å°—∫ group I ‡™àπ

P. oleorans ´÷Ëß®ÿ≈‘π∑√’¬å™π‘¥π’È®–¡’ fatty acid β-oxidation ¢Õß alkanes, alkanes, alkanols À√◊Õ
alkanoic acids ÷́Ëßπ”‰ª Ÿà°“√ —ß‡§√“–Àå medium side chain (MSC) PHAs

°√–∫«π°“√ —ß‡§√“–Àå„π Pseudomonas group II
„π pathway ª√–‡¿∑∑’Ë 4 æ∫„π Pseudomonas ∑’Ë¡’§«“¡ —¡æ—π∏å¢Õß rDNA homology

‡°’Ë¬«¢âÕß°—∫ group II °√–∫«π°“√ —ß‡§√“–Àå PHA ‡ªìπº≈¡“®“° de novo fatty acid synthesis
pathway ÷́Ëß‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√ —ß‡§√“–Àå copolymers ¢Õß medium side chain (MSC)
3-hydroxyalknoates (3HA) ®“° acetyl Co A (√Ÿª∑’Ë 7)

°“√¬àÕ¬ ≈“¬¢Õß PHA
¢âÕ¥’¢Õß PHA ª√–°“√Àπ÷Ëß°Á§◊Õ§«“¡ “¡“√∂„π°“√∂Ÿ°¬àÕ¬ ≈“¬∑“ß™’«¿“æ∑—Èß„π ¿“«–∑’Ë¡’

Õ“°“» (aerobic) ·≈–‰√âÕ“°“» (anaerobic) PHA  “¡“√∂∂Ÿ°¬àÕ¬ ≈“¬‰¥â‚¥¬‡Õπ‰´¡å∑’Ë √â“ß‚¥¬
®ÿ≈‘π∑√’¬å

§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ¢ÕßæÕ≈‘‡¡Õ√å„π¢—Èπµâπ®–¢÷ÈπÕ¬Ÿà°—∫§ÿ≥ ¡∫—µ‘∑“ß‡§¡’
·≈–°“¬¿“æ ÷́Ëßæ∫«à“ PHA ∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË”®–‡°‘¥°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ‰¥âßà“¬ ∑—Èßπ’È
®ÿ¥À≈Õ¡‡À≈«°Á‡ªìπÕ’°ªí®®—¬Àπ÷Ëß∑’Ë àßº≈µàÕ§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬ ‡™àπ ®ÿ¥À≈Õ¡‡À≈«∑’Ë‡æ‘Ë¡¢÷Èπ
®–∑”„Àâ§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬≈¥≈ß ‡π◊ËÕß®“°ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π¢Õß‡Õπ‰´¡å≈¥≈ß [22]
Tokiwa ·≈– Suzuki [23] æ∫«à“ ‡Õπ‰´¡å‰≈‡ª  (lipase) ‰¡à “¡“√∂‰Œ‚¥√‰≈´å P (3HB) ‰¥â
‡π◊ËÕß®“°¡’®ÿ¥À≈Õ¡‡À≈« Ÿß (178°C)

Nishida ·≈–§≥– [24] æ∫«à“‚§√ß √â“ßº≈÷°¡’º≈µàÕ°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ ‚¥¬°“√¡’
‚§√ß √â“ßº≈÷°¡“°®–∑”„Àâ§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æµË”≈ß ∑—Èßπ’Èª√–™“°√®ÿ≈‘π∑√’¬å„π
 ‘Ëß·«¥≈âÕ¡·≈–Õÿ≥À¿Ÿ¡‘≈â«π·≈â«·µà¡’º≈µàÕ°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ„π ‘Ëß·«¥≈âÕ¡

®ÿ≈‘π∑√’¬å„π·ø¡‘≈’Ë Pseudonocardiaceae, Micromonosporaceae, Thermomonosporaceae,
Streptosporangiaceae ·≈– Streptomycetaceae  “¡“√∂¬àÕ¬ P(3PH) ´÷Ëß„™â‡ªìπ prototype
„π°“√»÷°…“°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ¢Õß PHA „π ‘Ëß·«¥≈âÕ¡‰¥â [25] ´÷Ëß à«π„À≠à·∫§∑’‡√’¬∑’Ë “¡“√∂
º≈‘µ PHA ‰¥â ≈â«π·≈â«·µà “¡“√∂¬àÕ¬ ≈“¬æÕ≈‘‡¡Õ√å¿“¬„π‡´≈≈å‰¥â (intracellular) ¢≥–∑’Ë‡°‘¥°“√
¬àÕ¬ ≈“¬¿“¬„π‡´≈≈å‡°‘¥¢÷Èπ ‡Õπ‰´¡å PHA depolymerase ¿“¬„π‡´≈≈å®–‰ª∑”≈“¬æ—π∏–¢Õß
P(3HB) „Àâ°≈“¬‡ªìπ 3-hydroxybutyric acid ‚¥¬‡Õπ‰´¡å¥’‰Œ‚¥√®’‡π ®–‰ªÕÕ° ‘́‰¥ å„Àâ°≈“¬‡ªìπ
acetylacetate ·≈– β-ketothiolase ‡æ◊ËÕ‰ª∑”≈“¬æ—π∏–¢Õß acetylacetate „Àâ°≈“¬‡ªìπ acetyl-Co A

°“√»÷°…“‡°’Ë¬«°—∫‡Õπ‰´¡å∑’Ë “¡“√∂¬àÕ¬ ≈“¬ PHA ¡—°®–¡ÿàß‡πâπ‰ª∑’Ë°“√„™â‡Õπ‰´¡å
¥’æÕ≈‘‡¡Õ√å‡√  ‚¥¬ PHA  “¡“√∂∂Ÿ°¬àÕ¬‰¥â‚¥¬‡Õπ‰´¡å¥’æÕ≈‘‡¡Õ√å‡√ ª√–‡¿∑ intracellular (i-PHA)
·≈– extracellular (e-PHA) ∑’ËÀ≈—ËßÕÕ°¡“‚¥¬®ÿ≈‘π∑√’¬å [26]
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extracellular depolymerase ¬àÕ¬ PHA „π ‘Ëß·«¥≈âÕ¡ [25] ‚¥¬·∫§∑’‡√’¬  “À√à“¬ ·≈–
‡ÀÁ¥√“ ∑’Ëæ∫„π∏√√¡™“µ‘ ‚¥¬‡¢â“∑”ªØ‘°‘√‘¬“°“√¬àÕ¬ ≈“¬æÕ≈‘‡¡Õ√å∫√‘‡«≥æ◊Èπº‘« [27] ÷́Ëß extracellular
enzyme ∑’ËÀ≈—ËßÕÕ°¡“‚¥¬®ÿ≈‘π∑√’¬å “¡“√∂¬àÕ¬ ≈“¬æÕ≈‘‡¡Õ√å ‚¥¬‰¥âº≈‘µ¿—≥±å∑’Ë “¡“√∂≈–≈“¬·≈–
´÷¡ºà“π‡¢â“ Ÿàºπ—ß‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å ‚¥¬®ÿ≈‘π∑√’¬å “¡“√∂π” “√¥—ß°≈à“«‰ª„™â„π°“√‡®√‘≠‡µ‘∫‚µ‰¥â
°√–∫«π°“√¬àÕ¬ ≈“¬‚¥¬‡Õπ‰´¡å¥’æÕ≈‘‡¡Õ√å‡√  ®–∑”„Àâ‰¥â‚Õ≈‘‚°‡¡Õ√å‡ªìπº≈º≈‘µ®ÿ≈‘π∑√’¬å∫“ß™π‘¥
 “¡“√∂º≈‘µ additional dimer hydrolase ́ ÷Ëß “¡“√∂∑”≈“¬æ—π∏–¢Õß‚Õ≈‘‚°‡¡Õ√å‰ª‡ªìπ¡ÕπÕ‡¡Õ√å [28]
¡’√“¬ß“π«à“‡Õπ‰´¡å¥’æÕ≈‘‡¡Õ√å‡√  À√◊Õ‡Õ ‡∑Õ√å‡√  (esterase) ®“°®ÿ≈‘π∑√’¬å ‡™àπ Alcaligenes
faecalis, Pseudomonas lemoignei ·≈– Penicillium simplicismum  “¡“√∂¬àÕ¬ PHA ∑’Ëæ∫„π¥‘π
ªÿÜ¬À¡—° activated silt πÈ”∑–‡≈ ·≈–πÈ”®◊¥ ∑—Èß„π ¿“«–∑’Ë¡’Õ“°“»·≈–‰√âÕ“°“» ‚¥¬π”º≈‘µ¿—≥±å∑’Ë‰¥â‰ª
„™â‡ªìπ·À≈àß§“√å∫Õπ·≈–æ≈—ßß“π ‡æ◊ËÕ„™â„π°“√‡®√‘≠¢Õß‡´≈≈åµàÕ‰ª ‡¡◊ËÕ‡°‘¥°“√¬àÕ¬ ≈“¬‚¥¬∏√√¡™“µ‘
®–‰¥â‡ªìπªÿÜ¬∑’Ë¡’·À≈àß§“√å∫Õπ∑’Ë ¡∫Ÿ√≥å ™à«¬‡æ‘Ë¡ª√‘¡“≥πÈ”·≈–™à«¬„π°“√√—°…“ “√Õ“À“√„π¥‘π ´÷Ëß„π
 ¿“«–∑’Ë¡’Õ“°“»®–‰¥â§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO2) ·≈–πÈ”‡ªìπº≈‘µ¿—≥±å ÿ¥∑â“¬ ¢≥–∑’Ë ¿“«–∑’Ë‰√âÕ“°“»
®–‰¥âπÈ”·≈–¡’‡∑π [29]

‡Õ¡‰´¡å β-ketothiolase ¡’∫∑∫“∑ ”§—≠∑—Èß„π°√–∫«π°“√ —ß‡§√“–Àå ·≈–„π°√–∫«π°“√
¬àÕ¬ ≈“¬∑“ß™’«¿“æ¿“¬„µâ ¿“«–∑’Ë¡’Õ“°“» acetyl-Co A ®–‡¢â“‰ª„π citric acid cycle ·≈–®–∂Ÿ°
ÕÕ°´‘‰¥ å‰ª‡ªìπ CO2 [30] πÕ°®“°π’ÈÕ—µ√“°“√¬àÕ¬ ≈“¬∑“ß™’«¿“æ¢Õß PHA ¬—ß¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬
·«¥≈âÕ¡Õ◊ËπÊ ¥â«¬ ‡™àπ Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ pH  “√Õ“À“√ ·≈–«— ¥ÿ∑’Ëª√–°Õ∫‡ªìπ PHA ‡™àπ
Õß§åª√–°Õ∫¢Õß¡ÕπÕ‡¡Õ√å ‚§√ß √â“ßº≈÷° ·≈–æ◊Èπº‘« ‡ªìπµâπ [31]

°“√ª√–¬ÿ°µå„™â PHA
π”¡“„™â„πÕÿµ “À°√√¡∫√√®ÿ¿—≥±åÕ“À“√ °“√·æ∑¬å °“√‡°…µ√ ·≈–Õÿµ “À°√√¡Õ“À“√ À√◊Õ

„™â‡ªìπ«— ¥ÿ„π°“√ —ß‡§√“–Àå “√‡§¡’∫√‘ ÿ∑∏‘Ï·≈–°“√º≈‘µ “√ ’
1. ¥â“π°“√·æ∑¬å ∂Ÿ°π”¡“„™â∑“ß¥â“π°“√·æ∑¬å·≈–‡¿ —™„π√Ÿª·∫∫‡™àπ‡¥’¬«°—∫°“√ª√–¬ÿ°µå„™â

PLA ‡™àπ ‰À¡‡¬Á∫·º≈ (sutures) µ—«‡¬Á∫·º≈ (staples) «— ¥ÿªî¥·º≈ (wound dressing) ºâ“°Õ´
(gauzes) Õÿª°√≥åΩíß„π√à“ß°“¬ (surgical implants) Õÿª°√≥å ”À√—∫¬÷¥°√–¥Ÿ° (orthopedic fixation
devices) «— ¥ÿ ”À√—∫π”æ“À√◊Õª≈¥ª≈àÕ¬µ—«¬“ ÷́Ëß “¡“√∂§«∫§ÿ¡Õ—µ√“·≈–√–¬–‡«≈“„π°“√ª≈¥ª≈àÕ¬
¬“‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

2. ¥â“π°“√‡°…µ√ «— ¥ÿÀàÕÀÿâ¡·≈–ª≈¥ª≈àÕ¬¬“¶à“·¡≈ß ¬“¶à“«—™æ◊™ À√◊ÕªÿÜ¬µ“¡™à«ß‡«≈“
∑’Ë°”Àπ¥

3. ¥â“π∫√√®ÿ¿—≥±å ‡™àπ ∫√√®ÿ¿—≥±å∑’Ë„™â·≈â«∑‘Èß ¿“™π–∫√√®ÿÕ“À“√ ¢«¥πÈ” ∂ÿßæ≈“ µ‘°
°≈àÕß‚ø¡ øî≈å¡ ”À√—∫À’∫ÀàÕ ‡¡Á¥‚ø¡°—π°√–·∑°  “√‡§≈◊Õ∫¿“™π–°√–¥“…

4. ¥â“π‡ âπ„¬·≈–·ºàπºâ“ ‡™àπ º≈‘µ¿—≥±åÕπ“¡—¬ ºâ“ÕâÕ¡ ”‡√Á®√Ÿª ‡ ◊ÈÕºâ“·≈–‡§√◊ËÕßπÿàßÀà¡
‡ âπ„¬ ”À√—∫∫√√®ÿ„π‡§√◊ËÕßπÕπ

5. ¥â“πÕ‘‡≈§‚∑√π‘° å·≈–°“√ ◊ËÕ “√ ‡™àπ ™‘Èπ à«π‚∑√»—æ∑å‡§≈◊ËÕπ∑’Ë ™‘Èπ à«πÕÿª°√≥å§Õ¡æ‘«‡µÕ√å
·ºàπ´’¥’
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æÕ≈‘‰Œ¥√Õ° ’́∫‘«∑‘‡√µ (Polyhydroxybutyrate, PHB)
æÕ≈‘‰Œ¥√Õ°´’∫‘«∑‘‡√µ ‡ªìπæÕ≈‘‡¡Õ√åª√–‡¿∑·Õ≈‘ø“µ‘°æÕ≈‘‡Õ ‡∑Õ√å™π‘¥Àπ÷Ëß (√Ÿª∑’Ë 8)

„π°≈ÿà¡¢ÕßæÕ≈‘‰Œ¥√Õ°´’Õ—≈§“‚π‡Õµ∑’Ë √â“ß¡“®“°·∫§∑’‡√’¬‡æ◊ËÕ„™â‡ªìπ·À≈àß – ¡§“√å∫Õπ·≈–æ≈—ßß“π
‚¥¬Õ¬Ÿà„π√Ÿª amorphous state ·≈–∂Ÿ°¬àÕ¬ ≈“¬‰ª‡ªìπ¡ÕπÕ‡¡Õ√å ·≈–/À√◊Õ ‚Õ≈‘‚°‡¡Õ√å ‚¥¬
intracellular PHB depolymerase ∑’Ëº≈‘µ‚¥¬·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘µ PHB ‰¥â [32] ‡¡◊ËÕ·∫§∑’‡√’¬
‡À≈à“π’Èµ“¬ PHB ®–‡ª≈’Ë¬π®“° amorphous ‰ª‡ªìπ semi-crystalline state ·≈–®–∂Ÿ°¬àÕ¬ ≈“¬‚¥¬
extracellular PHB depolymerase ∑’ËÀ≈—ËßÕÕ°¡“®“°®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ PHB „π∏√√¡™“µ‘ ‡™àπ
¥‘π πÈ”®◊¥·≈–πÈ”∑–‡≈ ‡ªìπµâπ [33] æÕ≈‘‰Œ¥√Õ° ’́∫‘«∑‘‡√µ‡ªìπ∑’Ëπ‘¬¡„π‡™‘ßæ“≥‘™¬å∑—Ë«‚≈° ‡π◊ËÕß®“°
 “¡“√∂ —ß‡§√“–Àå‰¥â®“°·À≈àß«—µ∂ÿ¥‘∫∑’Ë¡’√“§“∂Ÿ° πÕ°®“°π’È PHB ¬—ß “¡“√∂¬àÕ¬ ≈“¬¥â«¬°√–∫«π°“√
∑“ß™’«¿“æ [34] ∑—Èß„π ¿“«–∑’Ë¡’Õ“°“» ·≈–‰√âÕ“°“» ‚¥¬ª√“»®“°º≈º≈‘µ∑’Ë¡’§«“¡‡ªìπæ‘… ®÷ß‡ªìπÕ’°
∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë “¡“√∂π”¡“∑¥·∑πæ≈“ µ‘°®“°ªî‚µ√‡§¡’́ ÷Ëß°àÕ„Àâ‡°‘¥ªí≠À“ ‘Ëß·«¥≈âÕ¡„πªí®®ÿ∫—π‰¥â [35]

PHB ‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¡’§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ·≈–∑“ß°≈ ‡™àπ πÈ”Àπ—°¡«≈‚¡‡≈°ÿ≈
(molecular weight) ®ÿ¥À≈Õ¡‡À≈« (melting temperature) ®ÿ¥§≈â“¬·°â« (glass-transition
temperature) §«“¡‡ª√“– (brittleness) §«“¡·¢Áß (stiffness) ∑π·√ß°√–·∑°‰¥â Ÿß ∑π°“√¢’¥¢à«π
¡’Õÿ≥À¿Ÿ¡‘„π°“√À≈Õ¡ Ÿß §≈â“¬§≈÷ß°—π°—∫ æÕ≈‘‚æ√æ‘≈‘π (polypropylene) ‰¡à≈–≈“¬πÈ” ∑πµàÕªØ‘°‘√‘¬“
‰Œ‚¥√‰≈´‘  ∑π∑“πµàÕ√—ß ’Õ—≈µ√“‰«‚Õ‡≈µ [17] ®÷ß¡’°“√π”‰ª„™â„π°“√º≈‘µ°≈àÕß ¢Õß‡≈àπ‡¥Á° ∂ÿßªÿÜ¬
‡ªìπµâπ

®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥∑’Ë “¡“√∂ —ß‡§√“–Àå√«¡∂÷ß – ¡ PHB ‰¥â„πª√‘¡“≥ Ÿß ‡™àπ Pseudomonas
sp., Ralstonia sp., Aeromonas sp., Alcaligenes latus [35], Azotobacter sp., Bacillus sp., Hymenobacter
aerophil, Sphingomonas pituitosa, Pectobacterium cypripedii ‡ªìπµâπ [36, 37]

√Ÿª∑’Ë 8 ‚§√ß √â“ß∑“ß‡§¡’¢Õß PHB [38]

°√–∫«π°“√ —ß‡§√“–Àå PHB
°“√ —ß‡§√“–Àå PHB ‡°’Ë¬«¢âÕß°—∫«—Ø®—°√ TCA cycle ‡√‘Ë¡µâπ®“° acetyl-Co A ®–∂Ÿ°‡ª≈’Ë¬π

‰ª‡ªìπ acetoacetyl-Co A ·≈– hydroxylbutyryl-Co A ‚¥¬ β-ketothiolase ·≈– acetoacetyl-Co A
reductase µ“¡≈”¥—∫ ®“°π—Èπ®–‡°‘¥°√–∫«π°“√æÕ≈‘‡¡Õ√å‰√‡´™—Ëπ¢Õß‰Œ¥√Õ°´’∫‘«∑‘√‘≈‚§‡Õπ‰´¡å‡Õ
‰ª‡ªìπ PHB ‚¥¬‡Õπ‰´¡å PHB synthetase °“√ —ß‡§√“–Àå PHB ‡°’Ë¬«¢âÕß°—∫ pha CBA cluster [35]
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(√Ÿª∑’Ë 9) ´÷Ëß‚¡‡≈°ÿ≈¢Õß PHB ®–·µ°µà“ß°—πµ“¡™π‘¥¢Õß®ÿ≈‘π∑√’¬å «‘∏’°“√ °—¥ ™à«ß°“√‡®√‘≠¢Õß‡´≈≈å
∑’Ëπ”¡“ °—¥ ·≈– ¿“«–∑’Ë„™â‡≈’È¬ß‡´≈≈å ‡ªìπµâπ [39]

√Ÿª∑’Ë 9 °√–∫«π°“√ —ß‡§√“–Àå PHB ª√–°Õ∫¥â«¬ 3 ¢—ÈπµÕπ: (1) β-ketothiolase (2) Acetoacetyl-
Co A reductase ·≈– (3) PHB polymerase [11]

°“√¬àÕ¬ ≈“¬¢Õß PHB
°≈‰°°“√¬àÕ¬ ≈“¬ PHB ¿“¬„π‡´≈≈å À√◊ÕªØ‘°‘√‘¬“¥’æÕ≈‘‡¡Õ√å‰√ ǻ‡´™—Ëπ‡°’Ë¬«¢âÕß°—∫

ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—Ëπ ´÷Ëß∂Ÿ°§«∫§ÿ¡‚¥¬‡Õπ‰´¡å 3-hydroxybutyrate ÷́Ëß∂Ÿ°¬—∫¬—Èß‚¥¬ NADH ©–π—Èπ
À“°‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å‰√´å‡´™—Ëπ¬àÕ¡®–‰¡à‡°‘¥ªØ‘°‘√‘¬“¥’‰Œ‚¥√®’‡π  [40]

Chowdhury [41] ‡ªìπ§π·√°∑’Ë√“¬ß“π‡°’Ë¬«°—∫®ÿ≈‘π∑√’¬å∑’Ë¡’§«“¡ “¡“√∂„π°“√¬àÕ¬ ≈“¬
PHB æ∫«à“ Bacillus, Pseudomonas ·≈– Streptomyces sp.  “¡“√∂¬àÕ¬ ≈“¬ PHB ‰¥â∑—Èß„π
 ¿“«–∑’Ë¡’Õ“°“»·≈–‰√âÕ“°“» ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ PHB „π ‘Ëß·«¥≈âÕ¡∑’Ë¡’Õ¬Ÿàª√–¡“≥ 0.5-9.6%
¢Õß‚§‚≈π’∑—ÈßÀ¡¥ [42] ÷́Ëß®ÿ≈‘π∑√’¬å‡À≈à“π’È·¬°‰¥â®“°·À≈àß∑’Ë¡’Õÿ≥À¿Ÿ¡‘ª“π°≈“ß (mesophilic
temperature) ·≈–æ∫„π·À≈àß∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß‡æ’¬ß‡≈Á°πâÕ¬ ‡™◊ÈÕ√“ Aspergillus sp.  “¡“√∂¬àÕ¬øî≈å¡
PHB ‰¥â∂÷ß 90% À≈—ß®“°°“√‡≈’È¬ß 5 «—π ∑’Ë 50°C ®“°®ÿ≈‘π∑√’¬å∑’Ë§—¥·¬°‰¥â 341  “¬æ—π∏ÿå æ∫«à“¡’‡æ’¬ß
31  “¬æ—π∏ÿå ∑’Ë “¡“√∂¬àÕ¬ PHB, PCL ·≈– PES ®“°°“√®—¥®”·π°æ∫«à“Õ¬Ÿà„π®’π— ¢Õß Actinomadura,
Microbispora, Streptomyces, Thermoactinomyces ·≈– Saccharomonospora [43]

°“√ª√–¬ÿ°µå„™â PHB
PHB  “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â¥—ßπ’È
1. „™â‡ªìπµ—«ÀàÕÀÿâ¡¬“∑’Ë¬àÕ¬ ≈“¬‰¥â ‡æ◊ËÕ§àÕ¬Ê ª≈¥ª≈àÕ¬¬“∑’Ë∫√√®ÿÕ¬Ÿà¿“¬„πÕÕ°¡“Õ¬à“ß™â“Ê
2. „™â‡ªìπ “√°”®—¥·¡≈ß «—™æ◊™ À√◊Õ„™â‡ªìπªÿÜ¬
3. Õÿª°√≥å∑’Ë„™â‡æ’¬ß§√—Èß‡¥’¬« µ—«Õ¬à“ß‡™àπ ¡’¥‚°π ‡§√◊ËÕß„™â„π§√—«‡√◊Õπ ºâ“ÕâÕ¡ ¢«¥·™¡æŸ

°≈àÕß∫√√®ÿ‡§√◊ËÕß ”Õ“ß ∂â«¬æ≈“ µ‘° ‡ªìπµâπ
4. „™â‡ªìπ “√µ—Èßµâπ ”À√—∫ —ß‡§√“–Àå¬“°≈ÿà¡ chiral compound
5. °“√ª√–¬ÿ°µå„™â„π∑“ß°“√·æ∑¬å
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æÕ≈‘·≈°µ‘°·Õ´‘¥ (Polylactic acid, PLA)
æÕ≈‘·≈°µ‘°·Õ´‘¥ ‡ªìπÕ–≈‘ø“µ‘°æÕ≈‘‡Õ ‡∑Õ√å ´÷Ëß —ß‡§√“–Àå‰¥â®“°°√¥·≈°µ‘° (√Ÿª∑’Ë 10)

´÷Ëßº≈‘µ‰¥â®“°ø“√å¡·≈–º≈º≈‘µ∑“ß°“√‡°…µ√ ‡™àπ ¡—π ”ª–À≈—ß ¢â“« ¢â“«‚æ¥ ·≈–∏—≠æ◊™ ‚¥¬Õ“»—¬
°√–∫«π°“√À¡—°®π°√–∑—Ëß‰¥âº≈º≈‘µ §◊Õ °√¥·≈°µ‘°µà“ß®“°æ≈“ µ‘°∑’Ë‰¥â®“°°√–∫«π°“√ —ß‡§√“–Àå
®“°ªî‚µ√‡§¡’

‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¡’ª√–‚¬™πåÀ≈“¬Õ¬à“ß  “¡“√∂π”°≈—∫¡“„™â„À¡à‰¥â (recycleable) ·≈–¬àÕ¬
 ≈“¬„π°√–∫«π°“√À¡—°‰¥â (compostable) §«“¡‚ª√àß„  Ÿß πÈ”Àπ—°‚¡‡≈°ÿ≈ Ÿß ·≈–∑πµàÕ°“√≈–≈“¬πÈ”
‰¥â¥’  “¡“√∂°—°‡°Á∫°≈‘Ëπ·≈–√ ™“µ‘‰¥â¥’ ¡’§«“¡µâ“π∑“πµàÕπÈ”¡—π·≈–‰¢¡—π Ÿß ·°ä ÕÕ°´‘‡®π ·°ä 
§“√å∫Õπ‰¥ÕÕ°‰´¥å ·≈–πÈ”  “¡“√∂·æ√àºà“π‰¥â¥’ ∑πµàÕ°“√°√–·∑°µË” ¡’§ÿ≥ ¡∫—µ‘§≈â“¬§≈÷ß°—∫
æÕ≈‘ ‰µ√’π (polystyrene) ´÷Ëß„™â„π°“√º≈‘µ∂—ßæ≈“ µ‘° ¢«¥æ≈“ µ‘° ¿“™π–„ àÕ“À“√ ‡ªìπµâπ

√Ÿª∑’Ë 10 ‚§√ß √â“ß∑“ß‡§¡’¢Õß PLA [13]

°√–∫«π°“√º≈‘µ PLA
«—µ∂ÿ¥‘∫∑’Ë„™â„π°“√º≈‘µ PLA §◊Õ º≈‘µ¿—≥±å∑“ß°“√‡°…µ√ ‡™àπ ·ªÑß∑’Ë¡“®“°¢â“«‚æ¥·≈–

¡—π ”ª–À≈—ß ‡ªìπµâπ ´÷Ëß®“°ß“π«‘®—¬„π™à«ßÀ≈—ß‰¥â„Àâ§«“¡ ”§—≠‡°’Ë¬«°—∫«—µ∂ÿ¥‘∫∑’Ëπ”¡“„™â„π°“√º≈‘µ
¡“°¬‘Ëß¢÷Èπ ‡æ◊ËÕ‡ªìπ°“√≈¥µâπ∑ÿπ„π°“√º≈‘µ ‡™àπ Pramkaew [44] ‰¥â√“¬ß“π«à“ ·∫§∑’‡√’¬„π °ÿ≈
Lactobacillus  “¡“√∂„™â·ªÑß¡—π ”ª–À≈—ß‡ªìπ·À≈àß§“√å∫Õπ ”À√—∫º≈‘µ°√¥¥’-·≈°µ‘°∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï
‡™‘ß· ß¢Õß°√¥¡“°°«à“√âÕ¬≈– 99 °√–∫«π°“√º≈‘µ‡√‘Ë¡µâπ®“°°“√∫¥À√◊Õ‚¡àæ◊™„Àâ≈–‡Õ’¬¥‡ªìπ·ªÑß
®“°π—Èπ∑”°“√¬àÕ¬·ªÑß„Àâ‰¥â‡ªìππÈ”µ“≈ ·≈–π”‰ªÀ¡—°¥â«¬®ÿ≈‘π∑√’¬å‡°‘¥‡ªìπ°√¥·≈°µ‘° ‚¥¬Õ“»—¬
·∫§∑’‡√’¬„πµ√–°Ÿ≈ homolactic Lactobacteriaceae ‡™àπ Lactobacillus amylophilus, Lactobacillus
amylophorus ·≈– Lactobacillus bulgaricus ·≈– Lactobacillus delbrueckii ´÷Ëß®–¡’°“√‡ª≈’Ë¬π
‰æ√Ÿ‡«µ (pyruvate) „Àâ°≈“¬‡ªìπ°√¥·≈°µ‘° ‚¥¬Õ“»—¬‡Õπ‰´¡å lactate dehydrogenase ¿“¬„µâ ¿“«–
∑’Ë¡’°“√®”°—¥·°ä ÕÕ°´‘‡®π ®“°π—Èππ”°√¥·≈°µ‘°∑’Ë‰¥â¡“ºà“π°√–∫«π°“√æÕ≈‘‡¡Õ√å‰√‡´™—Ëπ (√Ÿª∑’Ë 11)
´÷Ëß PLA  “¡“√∂‡µ√’¬¡‰¥â®“° 2 ªØ‘°‘√‘¬“ §◊Õ °“√§«∫·πàπ (condensation polymerization) ÷́Ëß®–‡°‘¥
ªØ‘°‘√‘¬“√–À«à“ß°√¥·≈°µ‘°·≈–¡’°“√‡™◊ËÕ¡µàÕ°—π‡ªìπ “¬‚´à¬“«‰¥â‡ªìπæÕ≈‘·≈°µ‘°·Õ´‘¥·≈–°“√‡ªî¥«ß
(ring opening polymerization) „™â¡ÕπÕ‡¡Õ√å ‰¥â·°à ·≈°‰∑¥å (lactide) ´÷Ëß‡ªìπ “√µ—«°≈“ß
(intermediate) ∑’Ë‡°‘¥®“°°“√√«¡µ—«°—π¢Õß°√¥·≈°µ‘° 2 ‚¡‡≈°ÿ≈ ®“°π—Èπ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√‡ªî¥«ß
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·≈â«‡™◊ËÕ¡µàÕ‡ªìπ “¬‚´à¬“«æÕ≈‘·≈°‰∑¥å ‚¥¬¡’ “√ª√–°Õ∫¥’∫ÿ° ‡™àπ ∑‘πÕÕ°‚∑‡Õµ (tin(II) octoate)
‡ªìπµ—«‡√àßªØ‘°‘√‘¬“ ¥—ßπ—Èπ®÷ß‡√’¬°™◊ËÕº≈‘µ¿—≥±åæÕ≈‘‡¡Õ√å∑’Ë‰¥â®“°°√–∫«π°“√π’È«à“ çæÕ≈‘·≈°‰∑¥åé ·µà∑—Èßπ’È
æÕ≈‘‡¡Õ√å∑’Ë‰¥â®“°∑—Èß 2 °√–∫«π°“√°Á§◊Õ “√™π‘¥‡¥’¬«°—π ‡¡◊ËÕ —ß‡§√“–Àå°Á “¡“√∂¢÷Èπ√Ÿª‡æ◊ËÕπ”‰ª„™â
ª√–‚¬™πåµàÕ‰ª PLA ¡’ 3 stereoisomers §◊Õ poly (L-lactide) (L-PLA), poly (D-PLA) ·≈– poly
(DL-lactide)(DL-PLA)

√Ÿª∑’Ë 11 °√–∫«π°“√ —ß‡§√“–Àå PLA ®“°·À≈àß∑√—æ¬“°√À¡ÿπ‡«’¬π‚¥¬°√–∫«π°“√√à«¡°—π√–À«à“ß
«‘∏’°“√∑“ß™’«¿“æ ·≈–°√–∫«π°“√ polymerization [17]

°“√¬àÕ¬ ≈“¬¢Õß PLA
„π¢—ÈπµÕπ·√° PLA ®–∂Ÿ°¬àÕ¬ ≈“¬‰ª‡ªìπ “√ª√–°Õ∫∑’Ë≈–≈“¬πÈ”·≈–°√¥·≈°µ‘° ‚¥¬

Õ“»—¬ªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘  ´÷Ëß¡—°‡°‘¥¢÷Èπ¿“¬„π√–¬–‡«≈“ 2  —ª¥“Àå ®“°π—Èπ “√ª√–°Õ∫·≈–°√¥·≈°µ‘°∑’Ë
‰¥â®–∂Ÿ°¬àÕ¬ ≈“¬‚¥¬®ÿ≈‘π∑√’¬å™π‘¥µà“ßÊ ‚¥¬°√–∫«π°“√‡¡·∑∫Õ≈‘´÷¡ ·≈–‰¥âº≈≈—æ∏å ÿ¥∑â“¬§◊Õ
·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å πÈ” ·≈–¡«≈™’«¿“æ

æ≈“ µ‘° PLA  “¡“√∂¬àÕ¬ ≈“¬‰¥â‚¥¬®ÿ≈‘π∑√’¬åÀ≈“¬™π‘¥ ‚¥¬∑—Ë«‰ª·∫§∑’‡√’¬∑’Ë “¡“√∂¬àÕ¬
PLA ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß (60°C) ‡™àπ Brevibacillus sp., Bacillus smithii ·≈– Geobacillus sp. [45]
Amycolatopsis  “¬æ—π∏ÿå HT-32 ‡ªìπ·Õ§µ‘‚π¡—¬´’∑™π‘¥·√°∑’Ë¡’°“√√“¬ß“π«à“ “¡“√∂¬àÕ¬ PLA ‰¥â [46]
æ∫«à“ Amycolatosis 15  “¬æ—π∏ÿå  “¡“√∂ √â“ß«ß„  (clear zones) ∫π emulsified-PLA agar
plates  “¡“√∂∫àß™’È‰¥â«à“®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ PLA ‰¥âπ—Èπ à«π„À≠à®–æ∫„π®’π— π’È [47] ÷́Ëß°“√»÷°…“„π
¿“¬À≈—ßæ∫«à“ ·Õ§µ‘‚π¡—¬´’∑„π·ø¡‘≈’Ë Pseudonocardiaceae ·≈–®’π— ∑’Ë‡°’Ë¬«¢âÕß √«¡‰ª∂÷ß
Amycolatopsis, Lentzea, Kibdelosporangium, Streptoalloteichus ·≈– Saccharothrix  “¡“√∂
º≈‘µ‡Õπ‰´¡å∑’Ë¬àÕ¬ ≈“¬ PLA ‰¥â∑’Ë 30°C [48] µ—«Õ¬à“ß‡Õπ‰´¡å∑’Ë “¡“√∂¬àÕ¬ ≈“¬ PLA ‰¥â ‡™àπ
esterase, protease ·≈– lipase ∑’Ë‰¥â¡“®“°®ÿ≈‘π∑√’¬å [49]



SWU Sci. J. Vol. 28 No. 2 (2012)300

Tokiwa ·≈– Jererat [50] §“¥«à“ Pseudonocardiaceae ·≈–®’π— ∑’Ë‡°’Ë¬«¢âÕß¡’∫∑∫“∑
 ”§—≠„π°“√¬àÕ¬ PLA „π°“√‡≈’È¬ß‡™◊ÈÕ¥—ß°≈à“«¡’°“√‡µ‘¡‡®≈“µ‘π≈ß‰ª¥â«¬ ÷́Ëß¡’º≈∑”„Àâ‡™◊ÈÕ “¡“√∂
¬àÕ¬·ºàπøî≈å¡‰¥âª√‘¡“≥∑’Ë¡“°°«à“°“√‡≈’È¬ß‡™◊ÈÕ‚¥¬‰¡à¡’°“√‡µ‘¡‡®≈“µ‘π °≈à“«‰¥â«à“‡®≈“µ‘π¡’ª√– ‘∑∏‘¿“æ
„π°“√°√–µÿâπ°“√ √â“ß‡Õπ‰´¡å∑’Ë®ÿ≈‘π∑√’¬åπ”‰ª„™â„π°“√¬àÕ¬ ≈“¬ PLA [51] ‡¡◊ËÕ‰¡àπ“π¡“π’È ®“°°“√
»÷°…“‚¥¬„™â‡∑§‚π‚≈¬’∑“ß¥â“π™’«‚¡‡≈°ÿ≈¢Õß®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¬àÕ¬ PLA ·µà‰¡à “¡“√∂‡æ“–‡≈’È¬ß‰¥â
(unculturable) „π√–∫∫π‘‡«» ‚¥¬ Sangwan ·≈– Wu [52] √“¬ß“π«à“‡™◊ÈÕ√“®’π—  Paecilomyces
·≈–·Õ§µ‘‚π¡—¬´’∑®’π—  Thermomonospora ·≈– Thermopolyspora ‡ªìπª√–™“°√À≈—°∑’Ë “¡“√∂
¬àÕ¬ PLA ‰¥â πÕ°®“°π’È Konkit ·≈–§≥– [53] ‰¥â∑”°“√»÷°…“°“√¬àÕ¬ ≈“¬ PLA ‚¥¬„™â·Õ§µ‘‚π¡—¬-
´’∑„π®’π—  Pseudonocardia 20  ªï™’ å ‚¥¬æ∫«à“¡’‡æ’¬ß Pseudonocardia alni AS4.1531T  ªï™’ å
‡¥’¬«‡∑à“π—Èπ∑’Ë “¡“√∂¬àÕ¬ ≈“¬ PLA ‰¥â ‚¥¬ “¡“√∂¬àÕ¬ PLA ‰¥â 70% ¿“¬„π 8 «—π

°“√ª√–¬ÿ°µå„™â PLA
‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¡’ ¡∫—µ‘À≈“°À≈“¬∑”„Àâ “¡“√∂π”‰ªª√–¬ÿ°µå‰¥âÀ≈“¬¥â“π ‡™àπ
1. ¥â“π°“√·æ∑¬å ‡π◊ËÕß®“°‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¬àÕ¬ ≈“¬‰¥â∑“ß™’«¿“æ®÷ß “¡“√∂‡¢â“°—∫‡π◊ÈÕ‡¬◊ËÕ

(biocompatible) ‰¥â ®÷ß∂Ÿ°π”¡“„™âº≈‘µ‰À¡‡¬Á∫·º≈ «— ¥ÿªî¥·º≈ ·≈–Õÿª°√≥å ”À√—∫¬÷¥°√–¥Ÿ° ‡ªìπµâπ
2. ¥â“π°“√‡°…µ√ º≈‘µ‡ªìπ¿“™π–„π°“√‡æ“–ª≈Ÿ° ¬“¶à“·¡≈ß·≈–«—™æ◊™ ‡ªìπµâπ
3. ¥â“π∫√√®ÿ¿—≥±å ‰¥â·°à ¿“™π–∫√√®ÿÕ“À“√ ¢«¥πÈ” ∂ÿßæ≈“ µ‘°
4. ¥â“πÕÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å ‡™àπ ™‘Èπ à«π„π‚∑√»—æ∑å‡§≈◊ËÕπ∑’Ë §Õ¡æ‘«‡µÕ√å ·ºàπ´’¥’ ‡ªìπµâπ
5. ¥â“π¬“π¬πµå ‡™àπ Õÿª°√≥å≈¥·√ß°√–·∑° ·≈–Õÿª°√≥åµ°·µàß¿“¬„π ‡ªìπµâπ
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