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∑’Ë‰¥â®“°‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√πÈ”‡ª≈◊Õ°·μß‚¡·≈–Õ“À“√¡“μ√∞“π Hestrin-Schramm
(HS medium) º≈°“√∑¥≈Õßæ∫«à“πÈ”‡ª≈◊Õ°·μß‚¡ “¡“√∂π”¡“„™âº≈‘μ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬‰¥âÕ¬à“ß¥’
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√âÕ¬≈– 0.1 (πÈ”Àπ—°μàÕª√‘¡“μ√) ·≈–ª√—∫ pH ‡√‘Ë¡μâπ 6.0 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π
‚¥¬„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  6.20 ± 0.25 °√—¡μàÕ≈‘μ√ ´÷Ëß Ÿß°«à“°“√‡æ“–‡≈’È¬ß„πÕ“À“√¡“μ√∞“π HS 1.94 ‡∑à“
°√–¥“…∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß„ππÈ”‡ª≈◊Õ°·μß‚¡®–¡’§à“§«“¡·¢Áß·√ß Ÿß°«à“°√–¥“…∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß
„πÕ“À“√¡“μ√∞“π HS °“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“‡ª≈◊Õ°·μß‚¡ “¡“√∂π”¡“„™âº≈‘μ‡´≈≈Ÿ‚≈ ®“°
·∫§∑’‡√’¬‰¥â·≈–¡’μâπ∑ÿπ∑’Ë∂Ÿ°≈ß
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ABSTRACT

Bacterial cellulose (BC) is produced by several microorganisms on agriculture
by-products. This research aims to utilize waste watermelon rind as low cost substrates to
produce BC using Komagataei bacter sp. PAP1 and to study the structural properties of BC
papers in both watermelon rind and Hestrin-Schramm (HS) media. This result indicated that
watermelon rind water performed well for BC production. The optimized watermelon
water-based medium composed of 5% (w/v) mannitol, 0.1% (w/v) diammonium phosphate
and pH 6.0 and incubated at 30°C for 7 days. Under these conditions, BC yield was 6.20 ± 0.25
g/L, 1.94 folds higher than that in standard Hestrin-Schramm (HS) medium. The BC paper
sheets produced using the obtained BC pellicle from optimized watermelon rind water-base
medium gave higher mechanical strength than those from standard HS medium. This study
showed the possibility of using watermelon rind to produce BC and made BC production more
cost-effective.
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∫∑π”
‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬ (Bacterial cellulose, BC) ‡ªìπæÕ≈‘·´§§“‰√¥å∑“ß™’«¿“æ™π‘¥Àπ÷Ëß

º≈‘μ‰¥â®“°®ÿ≈‘π∑√’¬å ‡™àπ Komagataeibacter sp. (™◊ËÕ‡¥‘¡ Gluconacetobacter) [1], Aerobacter,
Agrobacterium, Rhizobium, Sarcina ·≈– Pseudomonas Õ¬à“ß‰√°Áμ“¡ Gluconacetobacter ‡ªìπ
·∫§∑’‡√’¬∑’Ëº≈‘μ‡´≈≈Ÿ‚≈ ‰¥â Ÿß ·≈–π‘¬¡„™âº≈‘μ„π√–¥—∫Õÿμ “À°√√¡ [2] °“√‡æ“–‡≈’È¬ß®ÿ≈‘π∑√’¬å„π
 ¿“«–π‘Ëß‡ªìπ«‘∏’∑’Ë„™â„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬ ‚¥¬·∫§∑’‡√’¬®– √â“ß·ºàπ‡´≈≈Ÿ‚≈ ¢÷Èπ∑’Ëº‘«Àπâ“
Õ“À“√À¡—° [3] °“√ —ß‡§√“–Àå‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬ ‡√‘Ë¡®“°°≈Ÿ‚§ ∂Ÿ°‡ª≈’Ë¬π‡ªìπ glucose-6-phosphate
®π‰¥â‡ªìπ uridine diphosphate glucose (UDP-glucose) ́ ÷Ëß‡ªìπ “√μ—«°≈“ß„π°“√º≈‘μ‡´≈≈Ÿ‚≈  [4] ªí®®ÿ∫—π
π’È¡’§«“¡ π„®∑’Ë®–π”·ºàπ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬¡“„™âª√–‚¬™πå„π√–¥—∫Õÿμ “À°√√¡ ‡π◊ËÕß®“°‡´≈≈Ÿ‚≈ 
®“°·∫§∑’‡√’¬¡’§à“§«“¡·¢Áß·√ß¥÷ß Ÿß ¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß ·≈–§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫πÈ” Ÿß ®“°
§ÿ≥ ¡∫—μ‘‡À≈à“π’È®÷ß¡’°“√π”‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬¡“„™â‡ªìπ«— ¥ÿ„π°“√º≈‘μ°√–¥“…∑’Ë¡’§ÿ≥¿“æ Ÿß °√–¥“…
≈”‚æß ·≈–Õ“À“√≈¥πÈ”Àπ—° [5-6] Õ¬à“ß‰√°Áμ“¡ μâπ∑ÿπ„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬¬—ß Ÿß ª√– ‘∑∏‘¿“æ
„π°“√º≈‘μ§àÕπ¢â“ßμË” ·≈–Õ“À“√‡≈’È¬ß‡™◊ÈÕ¡’√“§“·æß ¡’§«“¡æ¬“¬“¡·°âªí≠À“‡À≈à“π’È‚¥¬π”¢Õß‡À≈◊Õ∑‘Èß
®“°°“√‡°…μ√ ·≈–‚√ßß“πÕÿμ “À°√√¡¡“„™âº≈‘μ‡´≈≈Ÿ‚≈  ÷́Ëß®–≈¥¡≈¿“«–∑“ß ‘Ëß·«¥≈âÕ¡‰¥âÕ’°∑“ßÀπ÷Ëß
¡’ß“π«‘®—¬μà“ßÊ‰¥âπ”«— ¥ÿ‡À≈◊Õ∑‘Èß‡À≈à“π’È¡“„™â‡ªìπ«—μ∂ÿ¥‘∫„π°“√À¡—°‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬ ‡™àπ πÈ”∑‘Èß®“°
°√–∫«π°“√À¡—°æÕ≈‘·´§§“‰√¥åª√–‡¿∑ Pullulan [7] πÈ”∑‘Èß®“°‚√ßß“πº≈‘μ ÿ√“°≈—Ëπ [8] ·≈–‡ª≈◊Õ° â¡
·≈–°“° â¡ [9] ß“π«‘®—¬π’È π„®»÷°…“‡ª≈◊Õ°·μß‚¡ ´÷Ëß‡ªìπ¢Õß‡À≈◊Õ∑‘Èß®“°°“√∫√‘‚¿§‡π◊ÈÕ·μß‚¡ ·μß‚¡
¡’™◊ËÕ«‘∑¬“»“ μ√å Citrullus lanatus Õ¬Ÿà„π«ß»å Cucurbitaceae ‡ªìπæ◊™∑’Ë¢÷Èπ‰¥â∑—Ë«‰ª„π‡¢μ√âÕπ™◊Èπ [10]
‡ªìπº≈‰¡â∑’Ë¡’πÈ”‡ªìπÕß§åª√–°Õ∫®”π«π¡“° ¡’À≈“¬æ—π∏ÿå ‡™àπ æ—π∏ÿå®‘πμÀ√“ μÕ√åªî‚¥ ‡ªìπμâπ ß“π«‘®—¬
 à«π„À≠à®–»÷°…“§ÿ≥ ¡∫—μ‘¢Õß‡π◊ÈÕ·μß‚¡ ‡™àπ  “√μâ“πÕπÿ¡Ÿ≈Õ‘ √– [10] ·≈–§ÿ≥§à“∑“ßÕ“À“√μà“ßÊ
¢Õß·μß‚¡ ¬—ß‰¡à¡’°“√»÷°…“°“√π”‡ª≈◊Õ°·μß‚¡´÷Ëß‡ªìπ¢Õß‡À≈◊Õ∑‘Èß¡“„™âª√–‚¬™πå ß“π«‘®—¬π’È®÷ß‰¥â π„®∑’Ë
®–π”‡ª≈◊Õ°·μß‚¡¡“„™â‡ªìπ«—μ∂ÿ¥‘∫„π°“√º≈‘μ‡´≈≈Ÿ‚≈  ‚¥¬„™â·∫§∑’‡√’¬∑’Ë·¬°‰¥â®“°ß“π«‘®—¬°àÕπÀπâ“π’È
·≈–»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬¥—ß°≈à“« ‡æ◊ËÕ®–¢¬“¬°”≈—ß°“√º≈‘μ„π
Õÿμ “À°√√¡μàÕ‰ª

Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
1.  °“√‡μ√’¬¡À—«‡™◊ÈÕ¢Õß Komagataeibacter sp. PAP 1

‡™◊ÈÕ Komagataeibacter sp. PAP 1 ‡ªìπ·∫§∑’‡√’¬∑’Ëº≈‘μ‡´≈≈Ÿ‚≈ ‰¥â Ÿß ·¬°‰¥â®“°
¡–≈–°Õ„πª√–‡∑»‰∑¬ [11] ‡μ√’¬¡Õ“À“√ Ÿμ√πÈ”¡–æ√â“« ́ ÷Ëßª√–°Õ∫¥â«¬πÈ”¡–æ√â“«·°à 1 ≈‘μ√ πÈ”μ“≈∑√“¬
√âÕ¬≈– 5 (πÈ”Àπ—°μàÕª√‘¡“μ√) ·Õ¡‚¡‡π’¬¡ —́≈‡øμ√âÕ¬≈– 0.1 (πÈ”Àπ—°μàÕª√‘¡“μ√) ·≈–°√¥Õ– ‘́μ‘°
√âÕ¬≈– 1.0 (ª√‘¡“μ√μàÕª√‘¡“μ√) ∫√√®ÿ„πø≈“ °å¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ª√‘¡“μ√Õ“À“√ 100 ¡‘≈≈‘≈‘μ√ ¶à“
‡™◊ÈÕ¥â«¬À¡âÕπ÷Ëß§«“¡¥—π‰Õ∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡´’¬  π“π 15 π“∑’ ®“°π—Èπ‡μ‘¡‡™◊ÈÕ Komagataeibacter
sp. PAP 1 ≈ß„πÕ“À“√ ∫à¡„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 3 «—π
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2. °“√‡μ√’¬¡πÈ”‡ª≈◊Õ°·μß‚¡
´◊ÈÕ·μß‚¡æ—π∏ÿå°‘π√’®“°μ≈“¥À—«μ–‡¢â °√ÿß‡∑æœ ≈â“ßπÈ”„Àâ –Õ“¥ ºà“·μß‚¡‡ªìπ™‘ÈπÊ π” à«π

‡ª≈◊Õ°∑’Ë‡À≈◊Õ®“°°“√∫√‘‚¿§À—Ëπ‡ªìπ™‘Èπ‡≈Á°Ê ª√–¡“≥ 1x1 ‡´πμ‘‡¡μ√ ·≈–ªíòπ‚¥¬„™â‚∂ªíòπ‰øøÑ“ ‡ªìπ‡«≈“
5 π“∑’ ®“°π—Èπ°√Õß‡Õ“ à«ππÈ”‚¥¬„™âºâ“¢“«∫“ß π” à«ππÈ”‡ª≈◊Õ°·μß‚¡«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’
·≈–π”¡“„™â‡ªìπÕ“À“√À¡—°

3. »÷°…“ Ÿμ√Õ“À“√∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬ Komagataeibacter sp. PAP
1 „π°“√»÷°…“π’È „™âÕ“À“√À¡—° 3  Ÿμ√ ¥—ßπ’È

 Ÿμ√∑’Ë 1 = πÈ”‡ª≈◊Õ°·μß‚¡
 Ÿμ√∑’Ë 2 = πÈ”‡ª≈◊Õ°·μß‚¡ πÈ”μ“≈∑√“¬√âÕ¬≈– 5 ·Õ¡‚¡‡π’¬¡´—≈‡øμ√âÕ¬≈– 0.1 ·≈–

°√¥Õ–´‘μ‘°√âÕ¬≈– 1 ª√—∫ pH ‡∑à“°—∫ 6.0 (πÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√πÈ”¡–æ√â“«)
 Ÿμ√∑’Ë 3 = πÈ”‡ª≈◊Õ°·μß‚¡ πÈ”μ“≈°≈Ÿ‚§ √âÕ¬≈– 2 ‡ªª‚μπ√âÕ¬≈– 0.5 ¬’ μå °—¥√âÕ¬≈–

0.5 ‚´‡¥’¬¡‰Œ‚¥√‡®πøÕ ‡øμ√âÕ¬≈– 0.27 ·≈–°√¥´‘μ√‘°√âÕ¬≈– 0.12 ª√—∫ pH ‡∑à“°—∫ 6.0
(πÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√ HS)

π”Õ“À“√∑—Èß “¡ Ÿμ√∫√√®ÿ„π¢«¥√Ÿª°√«¬¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ª√‘¡“μ√ 90 ¡‘≈≈‘≈‘μ√ ¶à“‡™◊ÈÕ
‚¥¬„™âÀ¡âÕπ÷Ëß§«“¡¥—π‰Õ∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡ ’́¬  15 π“∑’ ‡μ‘¡À—«‡™◊ÈÕ Komagataeibacter sp.
PAP 1 √âÕ¬≈– 10 ‚¥¬ª√‘¡“μ√¢ÕßÕ“À“√ À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  π“π 7 «—π
«‘‡§√“–Àåº≈º≈‘μ‡´≈≈Ÿ‚≈  §«“¡Àπ“¢Õß·ºàπ‡´≈≈Ÿ‚≈ ‚¥¬„™â‡«Õ√å‡π’¬ pH ¢ÕßπÈ”À¡—°«—¥¥â«¬‡§√◊ËÕß«—¥ pH

º≈º≈‘μ‡´≈≈Ÿ‚≈  (°√—¡μàÕ≈‘μ√) =
πÈ”Àπ—°·Àâß‡´≈≈Ÿ‚≈  (°√—¡)

ª√‘¡“μ√¢ÕßÕ“À“√À¡—° (¡‘≈≈‘≈‘μ√)
x 1000

4. °“√‡°Á∫‡°’Ë¬«·ºàπ‡´≈≈Ÿ‚≈ ·≈–°“√∑”„Àâ‡´≈≈Ÿ‚≈ ∫√‘ ÿ∑∏‘Ï
π”·ºàπ‡´≈≈Ÿ‚≈ ≈ß„π “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å§«“¡‡¢â¡¢âπ 0.5 ‚¡≈“√å „Àâ§«“¡√âÕπ∑’Ë

Õÿ≥À¿Ÿ¡‘ 90 Õß»“‡´≈‡ ’́¬  π“π 30 π“∑’ ‡æ◊ËÕ°”®—¥‡´≈≈å·∫§∑’‡√’¬ÕÕ°®“°·ºàπ‡´≈≈Ÿ‚≈  [12] ≈â“ß¥â«¬
πÈ”°≈—ËπÀ≈“¬§√—Èß®π°√–∑—ËßπÈ” ÿ¥∑â“¬¡’ pH ‡ªìπ°≈“ß π”·ºàπ‡´≈≈Ÿ‚≈ Õ∫„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡ ’́¬ 
π“π 48 ™—Ë«‚¡ß «‘‡§√“–Àåº≈º≈‘μ‡´≈≈Ÿ‚≈  (°√—¡μàÕ≈‘μ√) §—¥‡≈◊Õ° Ÿμ√Õ“À“√∑’Ë„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß¡“
„™â„π°“√»÷°…“μàÕ‰ª

5. »÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ®“° Komagataeibacter sp. PAP 1 „π Ÿμ√Õ“À“√
∑’Ë§—¥‡≈◊Õ°

5.1 ·À≈àß§“√å∫Õπ
‚¥¬„™â·À≈àß§“√å∫Õπ¥—ßπ’È °≈Ÿ‚§  ø√ÿ°‚μ  ´Ÿ‚§√  ·¡ππ‘∑Õ≈ ·≈–°≈’‡´Õ√Õ≈ §«“¡‡¢â¡¢âπ

√âÕ¬≈– 5 (πÈ”Àπ—°μàÕª√‘¡“μ√) ‡μ‘¡„πÕ“À“√ Ÿμ√∑’Ë§—¥‡≈◊Õ°‰¥â ª√—∫ pH ‡∑à“°—∫ 6.0 ∫√√®ÿ„π¢«¥√Ÿª°√«¬
¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ª√‘¡“μ√Õ“À“√ 90 ¡‘≈≈‘≈‘μ√ ¶à“‡™◊ÈÕ‚¥¬„™âÀ¡âÕπ÷Ëß§«“¡¥—π‰Õ∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“
‡´≈‡ ’́¬  π“π 15 π“∑’ ®“°π—Èπ‡μ‘¡À—«‡™◊ÈÕ Komagataeibacter sp. PAP 1 √âÕ¬≈– 10 ‚¥¬ª√‘¡“μ√
À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 7 «—π «‘‡§√“–Àå§«“¡Àπ“¢Õß·ºàπ‡´≈≈Ÿ‚≈  pH
¢ÕßÕ“À“√À¡—°·≈–º≈º≈‘μ‡´≈≈Ÿ‚≈ 
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5.2 ·À≈àß‰π‚μ√‡®π
»÷°…“·À≈àß‰π‚μ√‡®π¥—ßπ’È ·Õ¡‚¡‡π’¬¡ —́≈‡øμ ‰¥·Õ¡‚¡‡π’¬¡øÕ ‡øμ πÈ”·™à¢â“«‚æ¥

(Corn steep liquor) ·≈– ¬’ μå °—¥ (Yeast extract) „™â§«“¡‡¢â¡¢âπ¢Õß·À≈àß‰π‚μ√‡®π√âÕ¬≈– 0.1
(πÈ”Àπâ°μàÕª√‘¡“μ√) ‡μ‘¡„πÕ“À“√ Ÿμ√∑’Ë§—¥‡≈◊Õ° ‚¥¬„™â·À≈àß§“√å∫Õπ∑’Ë‰¥â®“°°“√»÷°…“„πÀ—«¢âÕ 5.1 ∑”°“√
À¡—°·≈–«‘‡§√“–Àåº≈‡™àπ‡¥’¬«°—∫À—«¢âÕ 5.1

5.3 æ’‡Õ™‡√‘Ë¡μâπ¢ÕßÕ“À“√À¡—°
·ª√º—π pH ‡√‘Ë¡μâπ¢ÕßÕ“À“√ Ÿμ√∑’Ë§—¥‡≈◊Õ°¥—ßπ’È 4.0, 5.0, 6.0, 7.0 ·≈– 8.0 ‡μ‘¡·À≈àß

§“√å∫Õπ·≈–·À≈àß‰π‚μ√‡®π∑’Ë‰¥â®“°°“√»÷°…“„π¢—Èπμâπ ∑”°“√À¡—°·≈–«‘‡§√“–Àåº≈‡™àπ‡¥’¬«°—∫À—«¢âÕ 5.1
5.4 §«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈
·ª√º—π§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“πÕ≈¥—ßπ’È √âÕ¬≈– 0, 0.5, 1.0, 1.5 ·≈– 2.0 ‚¥¬ª√‘¡“μ√

‡μ‘¡·À≈àß§“√å∫Õπ·≈–·À≈àß‰π‚μ√‡®π √«¡∑—Èßæ’‡Õ™‡√‘Ë¡μâπ¢ÕßÕ“À“√À¡—°∑’Ë‰¥â®“°°“√»÷°…“„π¢—Èπμâπ
‡μ‘¡‡Õ∑“πÕ≈„πÕ“À“√ Ÿμ√∑’Ë§—¥‡≈◊Õ° ∑”°“√À¡—°·≈–«‘‡§√“–Àåº≈‡™àπ‡¥’¬«°—∫À—«¢âÕ 5.1
6. ‡ª√’¬∫‡∑’¬∫º≈º≈‘μ‡´≈≈Ÿ‚≈ ®“°Õ“À“√∑’Ë§—¥‡≈◊Õ°°—∫Õ“À“√ Ÿμ√¡“μ√∞“π HS medium

‡≈’È¬ß Komagataeibacter sp. PAP 1 „πÕ“À“√∑’Ë§—¥‡≈◊Õ°‰¥â„π ¿“«–∑’Ë‡À¡“– ¡∑’Ë‰¥â®“°°“√
»÷°…“„π¢—Èπμâπ·≈–‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√ Ÿμ√¡“μ√∞“π HS medium ÷́Ëßª√–°Õ∫¥â«¬ °≈Ÿ‚§ √âÕ¬≈– 2 ¬’ μå
 °—¥√âÕ¬≈– 0.5 ‡ªª‚μπ√âÕ¬≈– 0.5 ‰¥‚´‡¥’¬¡‰Œ‚¥√‡®πøÕ ‡øμ√âÕ¬≈– 0.27 °√¥´‘μ√‘°√âÕ¬≈– 0.12
·≈– pH 6.0 ∫√√®ÿÕ“À“√‡≈’È¬ß‡™◊ÈÕ≈ß„π¢«¥√Ÿª°√«¬¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ª√‘¡“μ√Õ“À“√ 90 ¡‘≈≈‘≈‘μ√
¶à“‡™◊ÈÕ¥â«¬À¡âÕπ÷Ëß§«“¡¥—π‰Õ∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 15 π“∑’ ‡μ‘¡ Komagataeibacter
sp. PAP 1 À¡—°∑’Ë ¿“«–π‘Ëß Õÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π «‘‡§√“–Àåº≈º≈‘μ‡´≈≈Ÿ‚≈  «—¥§«“¡
Àπ“·ºàπ‡´≈≈Ÿ‚≈  ·≈–«—¥ pH ¢ÕßÕ“À“√À¡—°
7.  °“√º≈‘μ°√–¥“…®“°‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√À¡—°

‡μ√’¬¡Õ“À“√À¡—° Ÿμ√∑’Ë§—¥‡≈◊Õ°‰¥â ·≈–„™â ¿“«–∑’Ë‡À¡“– ¡∑’Ë‰¥â®“°°“√»÷°…“„π¢—Èπμâπ
¶à“‡™◊ÈÕÕ“À“√‚¥¬μâ¡„Àâ‡¥◊Õ¥‡ªìπ‡«≈“ 15 π“∑’ ·∫àß„ à∂“¥À¡—°´÷Ëß¡’¢π“¥ 21x30x5 ‡´πμ‘‡¡μ√ ª√‘¡“μ√
Õ“À“√ 700 ¡‘≈≈‘≈‘μ√ ‡μ‘¡‡™◊ÈÕ Komagataeibacter sp. PAP 1 √âÕ¬≈– 10 ‚¥¬ª√‘¡“μ√ À¡—°‡ªìπ‡«≈“
10 «—π ‡°Á∫·ºàπ‡´≈≈Ÿ‚≈ ∑’Ë‰¥â≈â“ßπÈ”„Àâ –Õ“¥ ·™à„π “√≈–≈“¬·Õ¡‚¡‡π’¬¡‰Œ¥√Õ°‰´¥å√âÕ¬≈– 0.5
(πÈ”Àπ—°μàÕª√‘¡“μ√) ‡ªìπ‡«≈“ 1 §◊π ≈â“ß¥â«¬πÈ” –Õ“¥ μâ¡„ππÈ”‡¥◊Õ¥‡ªìπ‡«≈“ 30 π“∑’ ‡æ◊ËÕ°”®—¥
·Õ¡‚¡‡π’¬ÕÕ° π”¡“Õ—¥√’¥πÈ”¥â«¬‡§√◊ËÕßÕ—¥√—¥πÈ” ®“°π—ÈπÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 65 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“
3 ™—Ë«‚¡ß ®–‰¥â·ºàπ‡´≈≈Ÿ‚≈ ·Àâß π”·ºàπ‡´≈≈Ÿ‚≈ ·Àâßμâ¡¥â«¬ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å§«“¡
‡¢â¡¢âπ√âÕ¬≈– 1.5 (ª√‘¡“μ√μàÕª√‘¡“μ√) ‡ªìπ‡«≈“ 30 π“∑’ ‡æ◊ËÕøÕ° ’·ºàπ‡´≈≈Ÿ‚≈ „Àâ¢“« ≈â“ß¥â«¬
πÈ” –Õ“¥ Õ∫„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 65 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß ·≈–º≈‘μ°√–¥“…‡´≈≈Ÿ‚≈ ∑’Ë‰¥â
®“°°“√À¡—°„πÕ“À“√ Ÿμ√¡“μ√∞“π HS medium ‡ª√’¬∫‡∑’¬∫º≈°—∫°√–¥“…‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°Õ“À“√À¡—°
∑’Ë§—¥‡≈◊Õ°‰¥â

7.1  »÷°…“ ¡∫—μ‘‡™‘ß°≈¢Õß°√–¥“…‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“° Komagataeibacter sp. PAP 1
π”°√–¥“…‡´≈≈Ÿ‚≈ ∑’Ë‰¥â∑¥ Õ∫§ÿ≥ ¡∫—μ‘‡™‘ß°≈ ‡™àπ §«“¡·¢Áß·√ß¥÷ß (Tensile strength)

§à“¬◊¥ ≥ ®ÿ¥¢“¥ (Elongation at break) ·≈–§à“¡Õ¥Ÿ≈— ¢Õß¬—ß å (Youngûs modulus) ‚¥¬„™â‡§√◊ËÕß¡◊Õ
Universal Testing Machine
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7.2  »÷°…“≈—°…≥–‚§√ß √â“ß¢Õß‡ âπ„¬‡´≈≈Ÿ‚≈ 
π”°√–¥“…∑’Ë ‰¥â®“°°“√»÷°…“¢â“ßμâπ àÕß¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§μ√Õπ·∫∫ àÕß°√“¥

(Scanning electron microscope, SEM) ‡æ◊ËÕ¥Ÿ°“√®—¥‡√’¬ßμ—«¢Õß‡ âπ„¬

8. °“√«‘‡§√“–Àå∑“ß ∂‘μ‘
«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡ ¡∫Ÿ√≥å (Completely randomized design, CRD) ¡’®”π«π 3 ́ È”

«‘‡§√“–Àå§à“§«“¡·ª√ª√«π (ANOVA) ·≈–§à“§«“¡·μ°μà“ß¢Õß§à“‡©≈’Ë¬√–À«à“ß™ÿ¥°“√∑¥≈Õß∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 (p<0.05) ¥â«¬«‘∏’ Duncanûs new multiple range test (DMRT)  ”À√—∫
°“√»÷°…“„πÀ—«¢âÕ°“√‡ª√’¬∫‡∑’¬∫º≈º≈‘μ‡´≈≈Ÿ‚≈ ®“°Õ“À“√∑’Ë§—¥‡≈◊Õ°°—∫Õ“À“√ Ÿμ√¡“μ√∞“π HS ÷́Ëß¡’
2 ™ÿ¥°“√∑¥≈Õß «‘‡§√“–Àå‚¥¬„™â T-test (Independent t-test) ‚¥¬„™â‚ª√·°√¡∑“ß ∂‘μ‘„π°“√«‘‡§√“–Àå
¢âÕ¡Ÿ≈

º≈°“√∑¥≈Õß
1. °“√»÷°…“ Ÿμ√Õ“À“√∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ‚¥¬ Komagataeibacter sp. PAP 1

®“°°“√∑¥≈Õßæ∫«à“  Ÿμ√∑’Ë 2 ´÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√πÈ”
¡–æ√â“« ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß ÿ¥ §◊Õ 3.16 ± 0.12 °√—¡μàÕ≈‘μ√ √Õß≈ß¡“‡ªìπÕ“À“√ Ÿμ√∑’Ë 3 ´÷Ëß‡ªìπ
πÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ HS medium ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  2.77 ± 0.45 °√—¡μàÕ≈‘μ√
 ”À√—∫ Ÿμ√∑’Ë 1 ́ ÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡Õ¬à“ß‡¥’¬« ‡™◊ÈÕ “¡“√∂‡®√‘≠·≈–º≈‘μ‡´≈≈Ÿ‚≈ ‰¥â ·μà¡’ª√‘¡“≥πâÕ¬
· ¥ß¥—ß√Ÿª∑’Ë 1 Õ“®‡π◊ËÕß®“°„π‡ª≈◊Õ°·μß‚¡¡’ “√Õ“À“√∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠¢Õß Komagataeibacter sp.
PAP 1 πâÕ¬ ´÷Ëß®“°°“√«‘‡§√“–Àå “√Õ“À“√„ππÈ”‡ª≈◊Õ°·μß‚¡æ∫«à“¡’ª√‘¡“≥§“√å‚∫‰Œ‡μ√μ√âÕ¬≈– 2.31
πÈ”μ“≈°≈Ÿ‚§ √âÕ¬≈– 0.70 ·≈–πÈ”μ“≈ø√ÿ§‚μ √âÕ¬≈– 1.19 ‰¡àæ∫πÈ”μ“≈´Ÿ‚§√  ·≈–¡’ª√‘¡“≥‚ª√μ’π√âÕ¬≈–
0.12

¥—ßπ—Èπ®÷ß‰¥â§—¥‡≈◊Õ°Õ“À“√À¡—° Ÿμ√∑’Ë 2 ´÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√
 Ÿμ√πÈ”¡–æ√â“«¡“„™â»÷°…“μàÕ‰ª
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√Ÿª∑’Ë 1 º≈º≈‘μ‡´≈≈Ÿ‚≈ ®“°°“√‡≈’È¬ß Komagataeibacter sp. PAP 1 „πÕ“À“√∑—Èß “¡ Ÿμ√ :

 πÈ”‡ª≈◊Õ°·μß‚¡  πÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√πÈ”¡–æ√â“« ·≈–
 πÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√ HS „π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬ 

‡ªìπ‡«≈“ 7 «—π

2. º≈°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ‚¥¬ Komagataeibacter sp. PAP 1 „π
Õ“À“√ Ÿμ√∑’Ë§—¥‡≈◊Õ°

2.1 ·À≈àß§“√å∫Õπ
®“°°“√π”Õ“À“√ Ÿμ√∑’Ë 2 ´÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√πÈ”¡–æ√â“«

·≈–„™â·À≈àß§“√å∫Õπ™π‘¥μà“ß Ê æ∫«à“°“√„™âπÈ”μ“≈·¡ππ‘∑Õ≈‡ªìπ·À≈àß§“√å∫Õπ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß ÿ¥
‡∑à“°—∫ 6.04 ± 0.28 °√—¡μàÕ≈‘μ√ √Õß≈ß¡“§◊ÕπÈ”μ“≈°≈Ÿ‚§  Ÿ́‚§√  °≈’‡´Õ√Õ≈ ·≈–ø√ÿ°‚μ  ÷́Ëß„Àâ
º≈º≈‘μ‡´≈≈Ÿ‚≈  4.21 ± 0.03, 3.72 ± 0.07, 2.57 ± 0.04 ·≈– 2.40 ± 0.02 °√—¡μàÕ≈‘μ√ μ“¡≈”¥—∫
· ¥ß¥—ß√Ÿª∑’Ë 2

√Ÿª∑’Ë 2 º≈º≈‘μ‡´≈≈Ÿ‚≈ ‰¥â®“°°“√‡≈’È¬ß Komagataeibacter sp. PAP 1 „πÕ“À“√∑’Ë¡’·À≈àß§“√å∫Õπ
·μ°μà“ß°—π À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π
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2.2 ·À≈àß‰π‚μ√‡®π
®“°°“√„™âÕ“À“√ Ÿμ√∑’Ë 2 ´÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√πÈ”¡–æ√â“«

·≈–„™â·À≈àß‰π‚μ√‡®π™π‘¥μà“ß Ê ‰¥â·°à ·Õ¡‚¡‡π’¬¡´—≈‡øμ ‰¥·Õ¡‚¡‡π’¬¡øÕ ‡øμ πÈ”·™à¢â“«‚æ¥
(corn steep liquor) ·≈–¬’ μå °—¥ (yeast extract) §«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 (πÈ”Àπ—°μàÕª√‘¡“μ√)
À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π æ∫«à“‰¥·Õ¡‚¡‡π’¬¡øÕ ‡øμ‡ªìπ·À≈àß‰π‚μ√-
‡®π∑’Ë„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß ÿ¥§◊Õ 6.57 ± 0.09 °√—¡μàÕ≈‘μ√ √Õß≈ß¡“‡ªìπ ·Õ¡‚¡‡π’¬¡´—≈‡øμ ¬’ μå °—¥
·≈–πÈ”·™à¢â“«‚æ¥ ´÷Ëß„Àâº≈º≈‘μ 6.50 ± 0.22 6.20 ± 0.25 ·≈– 5.71 ± 0.07 °√—¡μàÕ≈‘μ√ μ“¡≈”¥—∫
· ¥ß¥—ß√Ÿª∑’Ë 3

√Ÿª∑’Ë 3 º≈º≈‘μ‡´≈≈Ÿ‚≈ ∑’Ë ‰¥â®“°°“√‡≈’È¬ß Komagataeibacter sp. PAP 1 „πÕ“À“√∑’Ë¡’·À≈àß
‰π‚μ√‡®π·μ°μà“ß°—π À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π

2.3  º≈¢Õßæ’‡Õ™‡√‘Ë¡μâπ¢ÕßÕ“À“√À¡—°
°“√ª√—∫ pH ‡√‘Ë¡μâπ¢ÕßÕ“À“√À¡—°‡∑à“°—∫ 6.0 ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß ÿ¥ ‡∑à“°—∫ 6.10 ±

0.17 °√—¡μàÕ≈‘μ√ √Õß≈ß¡“§◊Õ pH 5.0 ´÷Ëß„Àâº≈º≈μ‡´≈≈Ÿ‚≈  5.76 ± 0.56 °√—¡μàÕ≈‘μ√ ·≈–º≈º≈‘μ
‡´≈≈Ÿ‚≈ ‰¡à¡’§«“¡·μ°μà“ß∑“ß ∂‘μ‘°—∫ pH 6.0 · ¥ß¥—ß√Ÿª∑’Ë 4

√Ÿª∑’Ë 4 º≈º≈‘μ‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√‡≈’È¬ß Komagataeibacter sp. PAP 1 „πÕ“À“√∑’Ë¡’ pH ‡√‘Ë¡μâπ
·μ°μà“ß°—π À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π
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2.4  º≈¢Õß°“√‡μ‘¡‡Õ∑“πÕ≈
®“°°“√»÷°…“æ∫«à“ Õ“À“√À¡—°∑’Ë‰¡à‡μ‘¡‡Õ∑“πÕ≈ (√âÕ¬≈– 0 ‚¥¬ª√‘¡“μ√) ®–„Àâº≈º≈‘μ

‡´≈≈Ÿ‚≈  Ÿß‡∑à“°—∫ 6.24 ± 0.18 °√—¡μàÕ≈‘μ√ ‡¡◊ËÕ‡μ‘¡‡Õ∑“πÕ≈ º≈º≈‘μ‡´≈≈Ÿ‚≈ ®–≈¥≈ß ÷́Ëß°“√‡μ‘¡
‡Õ∑“πÕ≈§«“¡‡¢â¡¢âπ√âÕ¬≈– 2.0 ¡’º≈º≈‘μ‡´≈≈Ÿ‚≈ μË” ÿ¥‡∑à“°—∫ 1.98 ± 0.06 °√—¡μàÕ≈‘μ√ · ¥ß¥—ß√Ÿª∑’Ë 5

√Ÿª∑’Ë 5 º≈º≈‘μ‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√‡μ‘¡‡Õ∑“πÕ≈§«“¡‡¢â¡¢âπμà“ßÊ „πÕ“À“√À¡—°¢Õß Komagataeibacter
sp. PAP 1 À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  π“π 7 «—π

3. ‡ª√’¬∫‡∑’¬∫°“√º≈‘μ‡´≈≈Ÿ‚≈ „πÕ“À“√∑’Ë§—¥‡≈◊Õ°‰¥â°—∫Õ“À“√ Ÿμ√¡“μ√∞“π HS medium
®“°°“√∑¥≈Õßæ∫«à“ Õ“À“√ Ÿμ√πÈ”‡ª≈◊Õ°·μß‚¡∑’Ë„™âπÈ”μ“≈·¡ππ‘∑Õ≈ ·≈–‰¥·Õ¡‚¡‡π’¬¡-

øÕ ‡øμ ‡ªìπ·À≈àß§“√å∫Õπ·≈–·À≈àß‰π‚μ√‡®π ª√—∫ pH ‡√‘Ë¡μâπ¢ÕßÕ“À“√‡∑à“°—∫ 6.0  “¡“√∂„Àâº≈º≈‘μ
‡´≈≈Ÿ‚≈  6.20 ± 0.25 °√—¡μàÕ≈‘μ√ ´÷Ëß Ÿß°«à“„πÕ“À“√ Ÿμ√¡“μ√∞“π HS medium (3.20 ± 0.24 °√—¡
μàÕ≈‘μ√) · ¥ß¥—ßμ“√“ß∑’Ë 1

μ“√“ß∑’Ë 1 pH ¢ÕßÕ“À“√À¡—° §«“¡Àπ“ ·≈–º≈º≈‘μ‡´≈≈Ÿ‚≈ ®“°°“√‡≈’È¬ß Komagataeibacter sp.
PAP 1 „πÕ“À“√∑’Ë·μ°μà“ß°—π À¡—°„π ¿“«–π‘Ëß∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  π“π 7 «—π

 Ÿμ√Õ“À“√ pH πÈ”À¡—° §«“¡Àπ“ º≈º≈‘μ‡´≈≈Ÿ‚≈ 

(¡‘≈≈‘‡¡μ√) (°√—¡μàÕ≈‘μ√)

 Ÿμ√Õ“À“√¡“μ√∞“π HS 5.82a
 ± 0.04 5.96b

 ± 0.64 3.20b
 ± 0.24

 Ÿμ√Õ“À“√∑’Ë§—¥‡≈◊Õ°À¡—° 4.87b
 ± 0.045 8.83a

 ± 0.06 6.20a
 ± 0.25

„π ¿“«–∑’Ë‡À¡“– ¡

μ—«Õ—°…√μà“ß°—π„π·∂«·π«μ—Èß · ¥ß«à“¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95
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4. º≈°“√»÷°…“≈—°…≥–‚§√ß √â“ß¢Õß‡ âπ„¬‡´≈≈Ÿ‚≈ ·≈–§ÿ≥ ¡∫—μ‘‡™‘ß°≈¢Õß°√–¥“…‡´≈≈Ÿ‚≈ 
»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫ àÕß°√“¥ (SEM) æ∫«à“°√–¥“…∑’Ëº≈‘μ®“°Õ“À“√

 Ÿμ√πÈ”‡ª≈◊Õ°·μß‚¡·≈–Õ“À“√ Ÿμ√¡“μ√∞“π HS medium ¡’‡ âπ„¬¢π“¥‡≈Á°¡“° ·≈–‡™◊ËÕ¡°—π‡ªìπ
√à“ß·ÀÕ¬à“ßÀπ“·πàπ ·≈–‚§√ß √â“ß¢Õß‡ âπ„¬‡´≈≈Ÿ‚≈ ‰¡à·μ°μà“ß°—π · ¥ß¥—ß√Ÿª∑’Ë 6  ”À√—∫§ÿ≥ ¡∫—μ‘
‡™‘ß°≈¢Õß°√–¥“…∑’Ë‰¥â æ∫«à“°√–¥“…∑’Ë‰¥â®“° Ÿμ√πÈ”‡ª≈◊Õ°·μß‚¡¡’§à“§«“¡·¢Áß·√ß¥÷ß ·≈–§à“¡Õ¥Ÿ≈— 
¢Õß¬—ß å Ÿß°«à“°√–¥“…∑’Ë‰¥â®“° Ÿμ√¡“μ√∞“π HS medium · ¥ß¥—ßμ“√“ß∑’Ë 2

√Ÿª∑’Ë 6 ≈—°…≥–‚§√ß √â“ß¢Õß‡ âπ„¬‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√À¡—°„π Ÿμ√Õ“À“√πÈ”‡ª≈◊Õ°·μß‚¡„π ¿“«–∑’Ë
‡À¡“– ¡ (a) ·≈–Õ“À“√¡“μ√∞“π HS (b) ¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·∫∫ àÕß°√“¥ (SEM)
°”≈—ß¢¬“¬ 30,000 ‡∑à“

μ“√“ß∑’Ë 2 §à“§«“¡·¢Áß·√ß¥÷ß §à“¡Õ¥Ÿ≈— ¢Õß¬—ß å ·≈–§à“¬◊¥ ≥ ®ÿ¥¢“¥¢Õß°√–¥“…‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°
°“√À¡—°„πÕ“À“√ Ÿμ√∑’Ë§—¥‡≈◊Õ°„π ¿“«–∑’Ë‡À¡“– ¡·≈–Õ“À“√¡“μ√∞“π HS

      ™π‘¥¢Õß°√–¥“… §à“§«“¡·¢Áß·√ß¥÷ß §à“°“√¬◊¥ ≥ §à“¡Õ¥Ÿ≈— ¢Õß¬—ß å
(π‘«μ—πμàÕμ“√“ß ®ÿ¥¢“¥ (π‘«μ—πμàÕμ“√“ß

¡‘≈≈‘‡¡μ√) (√âÕ¬≈–) ¡‘≈≈‘‡¡μ√)

°√–¥“…®“° Ÿμ√Õ“À“√
¡“μ√∞“π HS 36.64 ± 2.32 2.55 ± 0.89 812.60 ± 3.70

°√–¥“…®“° Ÿμ√Õ“À“√∑’Ë§—¥‡≈◊Õ°
À¡—°„π ¿“«–∑’Ë‡À¡“– ¡ 98.79 ± 3.11 7.87 ± 1.32 1,519.00 ± 10.05
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 √ÿªº≈·≈–«‘®“√≥å°“√∑¥≈Õß
‡™◊ÈÕ Komagataeibacter sp. PAP 1 ‡ªìπ‡™◊ÈÕ∑’Ë·¬°‰¥â®“°¡–≈–°Õ∑’Ë‡πà“‡ ’¬„πª√–‡∑»‰∑¬

[11] ·≈–¡’§«“¡ “¡“√∂„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ‰¥â Ÿß „πß“π«‘®—¬π’È‰¥âπ”‡™◊ÈÕ Komagataeibacter sp. PAP 1
¡“„™âº≈‘μ‡´≈≈Ÿ‚≈ ®“°‡ª≈◊Õ°·μß‚¡ ´÷Ëß‡ªìπ«— ¥ÿ‡À≈◊Õ∑‘Èß®“°°“√∫√‘‚¿§ ®“°°“√»÷°…“π”‡ª≈◊Õ°·μß‚¡¡“
§—ÈππÈ” ·≈–π” à«ππÈ”‡ª≈◊Õ°·μß‚¡¡“„™â‡ªìπÕ“À“√À¡—°‡æ◊ËÕº≈‘μ‡´≈≈Ÿ‚≈ ®“°‡™◊ÈÕ™π‘¥π’È „π°“√∑¥≈Õß
·∫àßÕ“À“√‡ªìπ 3  Ÿμ√  Ÿμ√∑’Ë 1 ‡ªìππÈ”‡ª≈◊Õ°·μß‚¡Õ¬à“ß‡¥’¬«  Ÿμ√∑’Ë 2 ‡ªìππÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡ à«π
ª√–°Õ∫¢ÕßÕ“À“√ Ÿμ√πÈ”¡–æ√â“« ÷́Ëß‡ªìπ Ÿμ√Õ“À“√∑’Ë„™âº≈‘μ‡´≈≈Ÿ‚≈ ∑“ß°“√§â“ (πÈ”‡ª≈◊Õ°·μß‚¡
‡μ‘¡πÈ”μ“≈∑√“¬√âÕ¬≈– 5 πÈ”Àπ—°μàÕª√‘¡“μ√ ·Õ¡‚¡‡π’¬¡´—≈‡øμ§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 πÈ”Àπ—°μàÕ
ª√‘¡“μ√ ·≈–°√¥Õ–´‘μ‘°§«“¡‡¢â¡¢âπ√âÕ¬≈– 1.0 ª√‘¡“μ√μàÕª√‘¡“μ√)  Ÿμ√∑’Ë 3 ‡ªìππÈ”‡ª≈◊Õ°·μß‚¡∑’Ë
‡μ‘¡ à«πª√–°Õ∫¢ÕßÕ“À“√¡“μ√∞“π HS medium ´÷Ëß‡ªìπ Ÿμ√¡“μ√∞“π„π°“√‡æ“–‡≈’È¬ß®ÿ≈‘π∑√’¬å∑’Ëº≈‘μ
‡´≈≈Ÿ‚≈  ®“°°“√∑¥≈Õßæ∫«à“  Ÿμ√∑’Ë 1 ´÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡Õ¬à“ß‡¥’¬« Komagataeibacter sp.
PAP 1  “¡“√∂º≈‘μ‡´≈≈Ÿ‚≈ ‰¥âμË”°«à“ Ÿμ√∑’Ë 2 ·≈– 3 Õ“®‡π◊ËÕß®“°πÈ”‡ª≈◊Õ°·μß‚¡¡’ “√Õ“À“√∑’Ë®”‡ªìπ
μàÕ°“√‡®√‘≠¢Õß Komagataeibacter sp. PAP 1 μË” ÷́Ëß®“°°“√«‘‡§√“–Àå à«πª√–°Õ∫„ππÈ”‡ª≈◊Õ°·μß‚¡
æ∫«à“¡’ª√‘¡“≥§“√å‚∫‰Œ‡¥√μ√âÕ¬≈– 2.31 πÈ”μ“≈°≈Ÿ‚§ √âÕ¬≈– 0.70 ·≈–πÈ”μ“≈ø√ÿ§‚μ √âÕ¬≈– 1.19 ‰¡à
æ∫πÈ”μ“≈´Ÿ‚§√  ·≈–¡’ª√‘¡“≥‚ª√μ’π√âÕ¬≈– 0.12 ́ ÷Ëß‰¡à‡æ’¬ßæÕμàÕ°“√‡®√‘≠¢Õß‡™◊ÈÕ Komagataeibacter
sp. PAP 1 ¢≥–∑’ËÕ“À“√ Ÿμ√∑’Ë 2 ´÷Ëßπ”πÈ”‡ª≈◊Õ°·μß‚¡‡μ‘¡πÈ”μ“≈∑√“¬ ·Õ¡‚¡‡π’¬¡´—≈‡øμ ·≈–°√¥
Õ–´‘μ‘° ‡ªìπ·À≈àß§“√å∫Õπ ·À≈àß‰π‚μ√‡®π ·≈–ª√—∫ pH ¢ÕßÕ“À“√À¡—°„Àâ‡À¡“– ¡μàÕ°“√‡®√‘≠¢Õß‡™◊ÈÕ
∑”„Àâ‡™◊ÈÕ “¡“√∂‡®√‘≠·≈–º≈‘μ‡´≈≈Ÿ‚≈ ‰¥â Ÿß ÿ¥

®“°π—Èπ‰¥â§—¥‡≈◊Õ°Õ“À“√ Ÿμ√∑’Ë 2 ´÷Ëß‡ªìππÈ”‡ª≈◊Õ°·μß‚¡∑’Ë‡μ‘¡Õ“À“√ Ÿμ√πÈ”¡–æ√â“«¡“„™â„π
°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ μàÕ‰ª ®“°°“√π”Õ“À“√ Ÿμ√ 2 ‡μ‘¡·À≈àß§“√å∫Õπ∑’Ë·μ°μà“ß°—π
æ∫«à“°“√‡μ‘¡πÈ”μ“≈·¡ππ‘∑Õ≈‡ªìπ·À≈àß§“√å∫Õπ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß°«à“πÈ”μ“≈°≈Ÿ‚§  Ÿ́‚§√ 
°≈’‡´Õ√Õ≈ ·≈–ø√ÿ§‚μ  ÷́Ëßº≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Raghunathan [13] ®÷ß‰¥â§—¥‡≈◊Õ°
°“√„™âπÈ”μ“≈·¡ππ‘∑Õ≈‡ªìπ·À≈àß§“√å∫Õπ„π°“√»÷°…“μàÕ‰ª ®“°°“√»÷°…“·À≈àß‰π‚μ√‡®π æ∫«à“°“√„™â
‰¥·Õ¡‚¡‡π’¬¡øÕ ‡øμ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß ÿ¥ √Õß≈ß¡“‡ªìπ·Õ¡‚¡‡π’¬¡´—≈‡øμ ¬’ μå °—¥ ·≈–
πÈ”·™à¢â“«‚æ¥ ÷́Ëßº≈°“√∑¥≈Õß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Lapuz ·≈–§≥– [14] ·≈–°“√ª√—∫ pH
‡√‘Ë¡μâπ¢ÕßÕ“À“√‡∑à“°—∫ 6.0 ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß°«à“°“√ª√—∫ pH ‡√‘Ë¡μâπ‡ªìπ 5.0 ·≈– 4.0 ∑—Èßπ’È
‡π◊ËÕß®“° pH ‡√‘Ë¡μâπ‡ªìπ 6.0 ‡ªìπ pH ∑’Ë‡À¡“– ¡μàÕ°“√‡®√‘≠·≈–°“√º≈‘μ‡´≈≈Ÿ‚≈  ”À√—∫‡™◊ÈÕ
Komagataeibacter sp. PAP 1 ·≈–°“√ª√—∫ pH ‡∑à“°—∫ 4.0 Õ“®∑”„Àâ¡’°“√º≈‘μ°√¥°≈Ÿ‚§π‘° Ÿß ¡’º≈
∑”„Àâ°“√º≈‘μ‡´≈≈Ÿ‚≈ ≈¥μË”≈ß [15] ®“°°“√»÷°…“°“√‡μ‘¡‡Õ∑“πÕ≈§«“¡‡¢â¡¢âπμà“ß Ê ≈ß„πÕ“À“√À¡—°
æ∫«à“ °“√‰¡à‡μ‘¡‡Õ∑“πÕ≈ (√âÕ¬≈– 0 ‚¥¬ª√‘¡“μ√) ∑”„Àâ‡™◊ÈÕº≈‘μ‡´≈≈Ÿ‚≈  Ÿß°«à“°“√‡μ‘¡‡Õ∑“πÕ≈„π
§«“¡‡¢â¡¢âπμà“ß Ê Õ“®‡π◊ËÕß¡“®“°°“√‡μ‘¡‡Õ∑“πÕ≈¡’º≈∑”„Àâª√‘¡“≥Õ– ‘́‡μ∑„πÕ“À“√‡æ‘Ë¡¢÷Èπ ¡’º≈
∑”„Àâª√‘¡“≥‡´≈≈å„π√–¬– Stationary phase ≈¥≈ß  àßº≈„Àâ°“√º≈‘μ‡´≈≈Ÿ‚≈ ≈¥≈ßμ“¡‰ª¥â«¬ [16]

®“°°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√º≈‘μ‡´≈≈Ÿ‚≈ ¢Õß‡™◊ÈÕ Komagataeibacter sp. PAP 1
„ππÈ”‡ª≈◊Õ°·μß‚¡ æ∫«à“°“√π”πÈ”‡ª≈◊Õ°·μß‚¡‡μ‘¡πÈ”μ“≈·¡ππ‘∑Õ≈§«“¡‡¢â¡¢âπ√âÕ¬≈– 5 (πÈ”Àπ—°μàÕ
ª√‘¡“μ√) „™â‰¥·Õ¡‚¡‡π’¬¡øÕ ‡øμ§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 (πÈ”Àπ—°μàÕª√‘¡“μ√) ª√—∫ pH ‡√‘Ë¡μâπ¢ÕßÕ“À“√À¡—°
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‡ªìπ 6.0 ·≈–‰¡à‡μ‘¡‡Õ∑“πÕ≈ ®–„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  6.20 ± 0.25 °√—¡μàÕ≈‘μ√ ‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫°—∫
º≈º≈‘μ‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√‡≈’È¬ß„πÕ“À“√ Ÿμ√¡“μ√∞“π HS medium ÷́Ëß‡ªìπÕ“À“√∑’Ë„™â„π°“√‡≈’È¬ß‡™◊ÈÕ
‡æ◊ËÕº≈‘μ‡´≈≈Ÿ‚≈  æ∫«à“°“√‡≈’È¬ß‡™◊ÈÕ Komagataeibacter sp. PAP 1 „πÕ“À“√πÈ”‡ª≈◊Õ°·μß‚¡„π
 ¿“«–‡À¡“– ¡∑’Ë‰¥â®“°°“√»÷°…“„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  Ÿß°«à“°“√‡≈’È¬ß„πÕ“À“√ Ÿμ√¡“μ√∞“π HS medium
 Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Fan ·≈–§≥– [11] »÷°…“°“√º≈‘μ‡´≈≈Ÿ‚≈ ®“°·∫§∑’‡√’¬®“°°“° â¡∑’Ëºà“π
°“√¬àÕ¬¥â«¬‡Õπ‰´¡å¥â«¬‡™◊ÈÕ Komagataeibacter xylinus CICC No 10529 æ∫«à“„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈ 
5.7 ± 0.7 °√—¡μàÕ≈‘μ√ ´÷Ëß Ÿß°«à“°“√‡≈’È¬ß„πÕ“À“√¡“μ√∞“π HS ÷́Ëß„Àâº≈º≈‘μ‡´≈≈Ÿ‚≈  3.9 ± 0.6 °√—¡
μàÕ≈‘μ√

°“√º≈‘μ°√–¥“…®“°‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°°“√‡≈’È¬ß‡™◊ÈÕ„πÕ“À“√πÈ”‡ª≈◊Õ°·μß‚¡„π ¿“«–∑’Ë
‡À¡“– ¡‡ª√’¬∫‡∑’¬∫°—∫°√–¥“…®“°‡´≈≈Ÿ‚≈ ∑’Ë‰¥â®“°Õ“À“√ Ÿμ√¡“μ√∞“π HS medium æ∫«à“≈—°…≥–
‡ âπ„¬‡ªìπ√à“ß·Àª√– “π°—π·πàπ‰¡à·μ°μà“ß°—π ‡¡◊ËÕ∑¥ Õ∫ ¡∫—μ‘‡™‘ß°≈¢Õß°√–¥“… æ∫«à“°√–¥“…∑’Ë‰¥â
®“°Õ“À“√πÈ”‡ª≈◊Õ°·μß‚¡¡’§à“§«“¡·¢Áß·√ß¥÷ß·≈–§à“¡Õ¥Ÿ≈— ¬—ß å Ÿß°«à“°√–¥“…∑’Ë‰¥â®“°Õ“À“√ Ÿμ√¡“μ√∞“π
HS medium

°‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°ß∫ª√–¡“≥‡ß‘π√“¬‰¥â§≥–«‘∑¬“»“ μ√å  ∂“∫—π‡∑§‚π‚≈¬’

æ√–®Õ¡‡°≈â“ ‡®â“§ÿ≥∑À“√≈“¥°√–∫—ß ª√–®”ªïß∫ª√–¡“≥ 2561
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