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≠“≥‘°“ «—™√‡∑«‘π∑√å°ÿ≈ 
1
  ®ÿ√’√—µπå æÿ¥µ“≈‡≈Á° 

2

¡À“«‘∑¬“≈—¬»‘≈ª“°√ «‘∑¬“‡¢µæ√–√“™«—ß π“¡®—π∑√å π§√ª∞¡ 73000
 «‘‰≈ √—ß “¥∑Õß 

3

 ∂“∫—π‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ °√ÿß‡∑æœ 10800
  ·≈–  ¥ÿ…Æ’ Õÿµ¿“æ 

4

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∫“ß¢ÿπ‡∑’¬π °√ÿß‡∑æœ 10150

ß“π«‘®—¬π’È»÷°…“°“√º≈‘µ°√¥·≈°µ‘°®“°‰Œ‚¥√‰≈‡´∑∑’Ë‰¥â®“°°“√¬àÕ¬°√–¥“…Àπ—ß ◊Õæ‘¡æå¥â«¬°√¥ —́≈øŸ√‘°

„πø≈“ °å‡¢¬à“‚¥¬·∫§∑’‡√’¬ SU-1 ∑’Ë§—¥·¬°‰¥â®“°µ—«Õ¬à“ßµâπ¢â“«‚æ¥À¡—° æ∫«à“ ∑’Ë pH ‡√‘Ë¡µâπ 7 Õÿ≥À¿Ÿ¡‘ 37

Õß»“‡´≈‡´’¬  ·≈–§«“¡‡√Á«√Õ∫„π°“√‡¢¬à“ 150 √Õ∫µàÕπ“∑’ ‡¡◊ËÕ„™âÕ“À“√ MRS ∑’Ë‡µ‘¡‰Œ‚¥√‰≈‡´∑√âÕ¬≈– 60

·≈–√âÕ¬≈– 80 ‚¥¬ª√‘¡“µ√ (À√◊Õ§‘¥‡ªìπ§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈∑—ÈßÀ¡¥„πÕ“À“√‡∑à“°—∫ 15 ·≈– 20 °√—¡/≈‘µ√)

‰¥âº≈º≈‘µ (yield, Yp/s) ¢Õß°√¥·≈°µ‘°‡∑à“°—∫ 0.42 ·≈– 0.33 °√—¡/°√—¡¢ÕßπÈ”µ“≈∑—ÈßÀ¡¥∑’Ë„™â‰ª µ“¡≈”¥—∫

 à«π„πÕ“À“√∑’Ë¡’‰Œ‚¥√‰≈‡´∑√âÕ¬≈– 40 ‚¥¬ª√‘¡“µ√ (§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈‡∑à“°—∫ 10 °√—¡/≈‘µ√) ‰¥â Yp/s ¢Õß

°√¥·≈°µ‘°‡æ’¬ß 0.03 °√—¡/°√—¡¢ÕßπÈ”µ“≈∑—ÈßÀ¡¥∑’Ë„™â‰ª ·≈–„πÕ“À“√∑’Ë¡’‰Œ‚¥√‰≈‡´∑√âÕ¬≈– 100 ‚¥¬ª√‘¡“µ√

(§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈‡∑à“°—∫ 29 °√—¡/≈‘µ√) ·∫§∑’‡√’¬¡’°“√‡µ‘∫‚µπâÕ¬¡“° °“√»÷°…“º≈¢Õß pH ‡√‘Ë¡µâπµàÕ

°“√º≈‘µ°√¥·≈°µ‘°æ∫«à“„πÕ“À“√∑’Ë¡’‰Œ‚¥√‰≈‡´∑√âÕ¬≈– 60 ‚¥¬ª√‘¡“µ√ „π ¿“«–∑’Ë‡ªìπ°≈“ß (pH 7) ·∫§∑’‡√’¬

SU-1  “¡“√∂º≈‘µ°√¥·≈°µ‘°‰¥â¥’°«à“„π ¿“«–∑’Ë‡ªìπ°√¥ (pH 5) ‚¥¬‰¥â Yp/s ‡∑à“°—∫ 0.42 ·≈– 0.38 µ“¡≈”¥—∫

°“√‡æ‘Ë¡§«“¡‡√Á«√Õ∫„π°“√‡¢¬à“∑”„Àâ§à“ Yp/s ¢Õß°√¥·≈°µ‘° Ÿß¢÷Èπ ‚¥¬æ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡‡√Á«√Õ∫„π°“√‡¢¬à“

®“° 50 ‡ªìπ 100 ·≈– 150 √Õ∫µàÕπ“∑’ ∑”„Àâ Yp/s ‡æ‘Ë¡¢÷Èπ®“° 0.13 ‡ªìπ 0.22 ·≈– 0.42 µ“¡≈”¥—∫ ·µà‡¡◊ËÕ

‡æ‘Ë¡§«“¡‡√Á«√Õ∫„π°“√‡¢¬à“‡ªìπ 200 √Õ∫µàÕπ“∑’ Yp/s ¡’§à“≈¥≈ß‡ªìπ 0.25 º≈°“√√–∫ÿ “¬æ—π∏ÿå¢Õß·∫§∑’‡√’¬

SU-1 ‚¥¬«‘∏’ 16S Ribosomal DNA æ∫«à“≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π™à«ßµ”·Àπàß∑’Ë 13-605 ·≈– 936-1401 bp ¡’

§«“¡‡À¡◊Õπ°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß·∫§∑’‡√’¬°√¥·≈°µ‘° Enterococcus faecium ∂÷ß√âÕ¬≈– 95 ·≈–√âÕ¬≈–

98 µ“¡≈”¥—∫

§” ”§—≠ : °√¥·≈°µ‘° / ‡´≈≈Ÿ‚≈  / ‰Œ‚¥√‰≈‡´∑ / Àπ—ß ◊Õæ‘¡æå

°“√º≈‘µ°√¥·≈°µ‘°®“°‰Œ‚¥√‰≈‡´∑¢Õß°√–¥“…Àπ—ß ◊Õæ‘¡æå

‚¥¬·∫§∑’‡√’¬ Enterococcus faecium SU-1
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Production of lactic acid from hydrolysate of newspaper

by Enterococcus faecium SU-1

Study of production of lactic acid from newspaper hydrolysate in shake flasks by a bacterial

strain; SU-1 isolated from silage was carried out. Parameters such as hydrolysate concentration, pH

and shaking speed were examined. Lactic acid product yields (at 37 °C, pH 7 and 150 rpm) of 0.42

and 0.33 were obtained when MRS medium containing 60 and 80 % (v/v) (total sugar amounts of 15

and 20 g/l) hydrolysate, respectively, were used. While using 40% (v/v) (equivalent to 10 g total sugar/

l) hydrolysate as carbon source, the bacterial strain; SU-1 produced lactic acid in small amount (Yp/

s = 0.03). The bacterial growth was very low when cultured in 100 % hydrolysate (29 g total sugar/l).

Study of the effect of pH on lactic acid production from the hydrolysate showed that the bacterial

strain; SU-1 preferred the medium with pH 7 than pH 5 (Yp/s = 0.42 and 0.38, respectively). Increase

in the shaking speed from 50 to 100 and 150 rpm improved the lactic acid yields from 0.13 to 0.22

and 0.42, respectively, but when the shaking speed reached 200 rpm the lactic acid yield decreased

to 0.25. 16S Ribosomal DNA sequence analysis of SU-1 showed 95 (13-605 bp) and 98% (936-1401

bp) similarity of nucleotide sequences to Enterococcus faecium.

Keywords : Lactic Acid / Cellulose / Hydrolysate / Newspaper
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2.4 «‘∏’°“√«‘‡§√“–Àå
°“√«‘‡§√“–Àåª√‘¡“≥°√¥·≈°µ‘°„πµ—«Õ¬à“ßπÈ”À¡—°„™â«‘∏’ High pressure liquid chromatography

(HPLC) ‚¥¬¡’ ¿“«–„π°“√¥”‡π‘π°“√¥—ßπ’È column: OA-1000 ORGANIC ACID, detector: Waters 486

tunable absorbance detector (UV 210 nm), mobile phase: 0.01 N H2SO4, flow rate: 0.6 ml/min, injection

volume: 20 µl  à«πª√‘¡“≥πÈ”µ“≈√’¥‘«´å„™â«‘∏’ Dinitrosalicylic acid [17] ·≈–«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈∑—ÈßÀ¡¥

(total sugar) ‚¥¬«‘∏’ Phenol-sulfuric acid (Dubois ·≈–§≥–, 1956)

3.  º≈°“√«‘®—¬·≈–«‘®“√≥åº≈

3.1 °“√§—¥·¬°·∫§∑’‡√’¬∑’Ë “¡“√∂º≈‘µ°√¥·≈°µ‘°
®“°º≈°“√§—¥·¬°·∫§∑’‡√’¬®“°µ—«Õ¬à“ß·À≈àßÀ—«‡™◊ÈÕ 2 ™π‘¥‰¥â·°à ø“ß¢â“«·≈–µâπ¢â“«‚æ¥À¡—° æ∫

«à“‰¥â·∫§∑’‡√’¬∑’Ë„Àâ à«π„ √Õ∫‚§‚≈π’∫πÕ“À“√«ÿâπ MRS ∑’Ë¡’°≈Ÿ‚§ √âÕ¬≈– 2 ‡ªìπ·À≈àß§“√å∫Õπ¥—ßπ’È§◊Õ ·∫§∑’‡√’¬

SU-1 ´÷Ëß§—¥·¬°‰¥â®“°µâπ¢â“«‚æ¥À¡—° ·∫§∑’‡√’¬ RG-1 ·≈– RG-2 ∑’Ë§—¥·¬°‰¥â®“°ø“ß¢â“« ·≈–®“°°“√ —ß‡°µ

≈—°…≥–‚§‚≈π’∫πÕ“À“√«ÿâπ æ∫«à“‚§‚≈π’¢Õß·∫§∑’‡√’¬∑—Èß 3 ™π‘¥¡’≈—°…≥–°≈¡πŸπ ¢Õ∫‡√’¬∫ ‚¥¬‚§‚≈π’¢Õß

SU-1 ¡’ ’¢“«·≈–¡’¢π“¥‡≈Á°°«à“‚§‚≈π’¢Õß RG-1 ·≈– RG-2 ´÷Ëß¡’ ’‡À≈◊Õß·≈–¢“« µ“¡≈”¥—∫

3.2 °“√º≈‘µ°√¥·≈°µ‘°®“°°≈Ÿ‚§ „πø≈“ °å‡¢¬à“‚¥¬·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â
‡¡◊ËÕπ”·∫§∑’‡√’¬∑—Èß 3 ™π‘¥¡“∑¥ Õ∫°“√º≈‘µ°√¥·≈°µ‘°„πÕ“À“√‡À≈« MRS ∑’Ë¡’°≈Ÿ‚§ √âÕ¬≈– 2

‡ªìπ·À≈àß§“√å∫Õπ æ∫«à“¡’‡æ’¬ß·∫§∑’‡√’¬ SU-1 ∑’Ë “¡“√∂º≈‘µ°√¥·≈°µ‘°‰¥â  ”À√—∫·∫§∑’‡√’¬ RG-1 ·≈– RG-2

π—Èπ∂÷ß·¡â«à“®–„Àâ à«π„ √Õ∫‚§‚≈π’∫πÕ“À“√«ÿâπ MRS ∑’Ë¡’°≈Ÿ‚§ ‡ªìπ·À≈àß§“√å∫Õπ ·µà‡¡◊ËÕπ”¡“∑¥ Õ∫„π

Õ“À“√‡À≈«™π‘¥‡¥’¬«°—π·≈–«‘‡§√“–ÀåÀ“°√¥·≈°µ‘°¥â«¬ HPLC °≈—∫‰¡àæ∫«à“·∫§∑’‡√’¬∑—Èß 2 ™π‘¥¡’°“√º≈‘µ°√¥

·≈°µ‘° ´÷Ëß®“°º≈°“√∑¥ Õ∫¥—ß°≈à“«∑”„Àâ √ÿª‰¥â«à“ à«π„ √Õ∫‚§‚≈π’∑’Ë‡°‘¥¢÷Èπ‰¡à‰¥â‡°‘¥®“°°√¥·≈°µ‘° ·µàÕ“®

‡°‘¥®“°°√¥Õ‘π∑√’¬å™π‘¥Õ◊Ëπ ®“°º≈°“√«‘‡§√“–Àå°√¥·≈°µ‘°¥â«¬ HPLC  ·∫§∑’‡√’¬ SU-1 ®÷ß‡ªìπ·∫§∑’‡√’¬∑’Ë§—¥

·¬°‰¥â‡æ’¬ß™π‘¥‡¥’¬«∑’Ëº≈‘µ°√¥·≈°µ‘°‚¥¬„™â°≈Ÿ‚§ ‡ªìπ —∫ ‡µ√∑ „π≈”¥—∫µàÕ¡“®÷ßπ”·∫§∑’‡√’¬°√¥·≈°µ‘°§◊Õ

L. plantarum TISTR 050 ¡“∑”°“√∑¥ Õ∫°“√º≈‘µ°√¥·≈°µ‘°®“°πÈ”µ“≈°≈Ÿ‚§ ‡ª√’¬∫‡∑’¬∫°—∫·∫§∑’‡√’¬ SU-1

∑’Ë§—¥·¬°‰¥â

3.3 °“√º≈‘µ°√¥·≈°µ‘°®“°πÈ”µ“≈°≈Ÿ‚§ ‚¥¬·∫§∑’‡√’¬ SU-1 ·≈– L. plantarum TISTR
050
º≈°“√∑¥ Õ∫æ∫«à“·∫§∑’‡√’¬ SU-1 ·≈– L. plantarum  “¡“√∂‡®√‘≠·≈–º≈‘µ°√¥·≈°µ‘°„π

Õ“À“√‡À≈« MRS ∑’Ë¡’°≈Ÿ‚§ ‡ªìπ·À≈àß§“√å∫Õπ‰¥â¥’„π ¿“«–∑’Ë pH ‡√‘Ë¡µâπµà“ß°—π ·∫§∑’‡√’¬ SU-1 º≈‘µ°√¥

·≈°µ‘°·≈–‡®√‘≠‰¥â¥’„π ¿“«–∑’Ë pH ‡√‘Ë¡µâπ‡∑à“°—∫ 7.3 (‰¡à‰¥âª√—∫) ‚¥¬‰¥â Yield (Yp/s) ¢Õß°√¥·≈°µ‘°‡∑à“°—∫

0.78 °√—¡/°√—¡πÈ”µ“≈°≈Ÿ‚§ ∑’Ë„™â‰ª ¢≥–∑’Ë°“√∑¥ Õ∫„π ¿“«–∑’Ë pH ‡√‘Ë¡µâπ‡ªìπ°√¥ (pH 5.0) ·∫§∑’‡√’¬ SU-1

º≈‘µ°√¥·≈°µ‘°‰¥â Yp/s ‡∑à“°—∫ 0.57 °√—¡/°√—¡πÈ”µ“≈°≈Ÿ‚§ ∑’Ë„™â‰ª µà“ß®“°·∫§∑’‡√’¬ L. plantarum ´÷Ëß‡®√‘≠

·≈–º≈‘µ°√¥·≈°µ‘°‰¥â¥’„π ¿“«–∑’Ë pH ‡√‘Ë¡µâπµË”°«à“§◊Õ pH 5.0 ‚¥¬‰¥â Yp/s ‡∑à“°—∫ 0.62 °√—¡/°√—¡πÈ”µ“≈

°≈Ÿ‚§ ∑’Ë„™â‰ª ·µà„Àâ Yp/s ¢Õß°√¥·≈°µ‘°≈¥≈ß‡À≈◊Õ 0.51 °√—¡/°√—¡πÈ”µ“≈°≈Ÿ‚§ ∑’Ë„™â‰ª ‡¡◊ËÕ∑¥ Õ∫„πÕ“À“√∑’Ë
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 “¡“√∂„™â‰¥â∑—ÈßπÈ”µ“≈‡æπ‚µ ·≈–πÈ”µ“≈‡Œ°‚´ ‰¥â„π°√–∫«π°“√À¡—° √«¡∑—Èß°“√æ—≤π“‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ

°√–∫«π°“√¬àÕ¬°√–¥“…Àπ—ß ◊Õæ‘¡æå„Àâ‰¥â‰Œ‚¥√‰≈‡´∑∑’Ëª√–°Õ∫¥â«¬πÈ”µ“≈°≈Ÿ‚§ „πª√‘¡“≥¡“°¢÷Èπ ®– “¡“√∂

‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°√–∫«π°“√º≈‘µ°√¥·≈°µ‘°®“°‰Œ‚¥√‰≈‡´∑„Àâ§ÿâ¡∑ÿπ·≈– “¡“√∂æ—≤π“‰ª Ÿà√–¥—∫

Õÿµ “À°√√¡‰¥â„πÕπ“§µ
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