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Abstract
Dumrattana, P. and Tansakul, P.

Effect of photoperiod on growth and  hydrocarbon content of

Botryococcus braunii cultured in effluent from seafood processing plant.
Songklanakarin J. Sci. Technol., 2006, 28(1) : 99-105

The hydrocarbon-rich alga, Botryococcus braunii was cultivated in Modified Chu13 medium at pH

6.7. Growth of B. braunii was studied by using batch culture in 2L conical flasks with an initial algal density

of 0.75 g dry weight/l under air-lift condition (air-1% CO
2
, rate of 7 l/min). The alga was incubated at the

temperature of 25ºC, with light intensity of 120 µµµµµE/m2/s and diurnal illumination cycles under 12 hours of

light / 12 hours of dark; 16 hours of light / 8 hour of dark and continuous illumination (24 hours). The best

growth of this alga was achieved under continuous illumination with a dry weight of 11.97 g/l on day 14

cultivation. The highest specific growth rate was 3.6 per day and significantly higher than that of the culture

under diurnal light cycles (P<0.05). Moreover, cultivation of Botryococcus braunii in effluent (nitrate 78

mg/l) from seafood processing plant and adjusting effluent to a three-fold reduction in nitrate   (nitrate 26

mg/l) compared with synthetic medium (Modified Chu13) under continuous illumination were investigated.

The highest algal growth was obtained in effluent with a dry weight of 13.61 g/l. B. braunii could reduce

nitrate, phosphate and ammonia-nitrogen concentrations in the effluent by 73%, 74% and 79%, respectively.

In addition, the hydrocarbon synthesis by the alga B. braunii was 34% of its dry weight.
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Photoperiod on growth and hydrocarbon content of B. braunii

Dumrattana, P. and Tansakul, P.

∫∑§—¥¬àÕ

æ«ßº°“ ¥”√—µπ“ ·≈– æ‘¡æ√√≥ µ—π °ÿ≈

º≈¢Õß™à«ß· ßµàÕ°“√‡µ‘∫‚µ·≈–ª√‘¡“≥‰Œ‚¥√§“√å∫Õπ„π “À√à“¬ Botryococcus braunii

∑’Ë‡≈’È¬ß„ππÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈

«.  ß¢≈“π§√‘π∑√å «∑∑. 2549 28(1) : 99-105

‡≈’È¬ß “À√à“¬ Botryococcus braunii ∑’Ë¡’‰Œ‚¥√§“√å∫Õπ Ÿß„πÕ“À“√ —ß‡§√“–Àå Modified Chu 13 §«“¡‡ªìπ

°√¥-‡∫  6.7 ‚¥¬‡≈’È¬ß„π¢«¥·°â«°âπ·∫πª√‘¡“µ√ 2 ≈‘µ√ §«“¡Àπ“·πàπ¢Õß‡´≈≈å‡√‘Ë¡µâπ 0.75 °√—¡πÈ”Àπ—°·Àâß/

≈‘µ√ „ÀâÕ“°“»º ¡§“√å∫Õπ‰¥ÕÕ°‰´¥å 1% Õ—µ√“ 7 ≈‘µ√/π“∑’ Õÿ≥À¿Ÿ¡‘ 25
o
C §«“¡‡¢â¡· ß 10000 ≈—°´å ™à«ß

 «à“ßµàÕ¡◊¥‡∑à“°—∫ 12:12 ™—Ë«‚¡ß 16:8 ™—Ë«‚¡ß ·≈–„Àâ· ßÕ¬à“ßµàÕ‡π◊ËÕß (24 ™—Ë«‚¡ß) ∑”°“√‡≈’È¬ß·∫∫°– æ∫«à“

 “À√à“¬‡µ‘∫‚µ¥’∑’Ë ÿ¥‡¡◊ËÕ√—∫· ßÕ¬à“ßµàÕ‡π◊ËÕß ¡’§à“πÈ”Àπ—°‡´≈≈å·Àâß‡∑à“°—∫ 11.97 °√—¡/≈‘µ√ „π«—π∑’Ë 14 Õ—µ√“°“√

‡µ‘∫‚µ®”‡æ“– Ÿß ÿ¥‡∑à“°—∫ 3.6 µàÕ«—π ́ ÷Ëß¡’§«“¡·µ°µà“ß®“°™ÿ¥∑’Ë„Àâ· ß‡ªìπ™à«ß Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P<0.05)

‡≈’È¬ß “À√à“¬ B. braunii „ππÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈ (ª√‘¡“≥‰π‡µ√∑ 78 ¡°./≈‘µ√) πÈ”∑‘Èß∑’Ëª√—∫ª√‘¡“≥

 “√Õ“À“√ (‰π‡µ√∑) „Àâ≈¥≈ß 3 ‡∑à“ (ª√‘¡“≥‰π‡µ√∑ 26 ¡°./≈‘µ√) ‡≈’È¬ß‡ª√’¬∫‡∑’¬∫°—∫„πÕ“À“√ —ß‡§√“–Àå Ÿµ√

Modified Chu13 „Àâ· ßÕ¬à“ßµàÕ‡π◊ËÕß æ∫«à“ “À√à“¬‡µ‘∫‚µ¥’∑’Ë ÿ¥„ππÈ”∑‘Èß¡’§à“‡∑à“°—∫ 13.61 °√—¡/≈‘µ√ ‚¥¬ “À√à“¬

 “¡“√∂≈¥ª√‘¡“≥‰π‡µ√∑ øÕ ‡øµ ·≈–·Õ¡‚¡‡π’¬„ππÈ”∑‘Èß‰¥â‡∑à“°—∫ 73%, 74% ·≈– 79% µ“¡≈”¥—∫ πÕ°®“°

π—Èπ “¡“√∂ °—¥‰Œ‚¥√§“√å∫Õπ®“° “À√à“¬ B. braunii ‰¥â 34% ¢ÕßπÈ”Àπ—°·Àâß

„π ∂“π°“√≥åªí®®ÿ∫—π¡’°“√„™âπÈ”¡—π‡™◊ÈÕ‡æ≈‘ß°—π
„πª√‘¡“≥¡“° ‚¥¬‡©æ“–πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß¥’‡´≈ (diesel

fuel) ∑”„Àâ àßº≈°√–∑∫µàÕ√–∫∫‡»√…∞°‘® Õÿµ “À°√√¡
·≈–°“√§¡π“§¡¢π àß¢Õß‰∑¬ Õ’°∑—Èß‰¥â¡’°“√π”πÈ”¡—π
‡™◊ÈÕ‡æ≈‘ß¡“„™â„π°“√º≈‘µ°√–· ‰øøÑ“·≈–æ≈—ßß“π§«“¡
√âÕπ µ≈Õ¥®π°“√æ“≥‘™¬åÕ◊ËπÊ Õ¬à“ß·æ√àÀ≈“¬ ( ∂“∫—π
ªî‚µ√‡≈’¬¡·Ààßª√–‡∑»‰∑¬, 2541) ¥â«¬‡Àµÿº≈∑“ß¥â“π
·π«‚πâ¡¢Õß√“§“πÈ”¡—πªî‚µ√‡≈’¬¡∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ ·≈–°“√
‡°‘¥°√–· §«“¡µâÕß°“√Õπÿ√—°…å·≈–ª°ªÑÕß ‘Ëß·«¥≈âÕ¡
¢Õß‚≈°  °“√§âπ§«â“«‘®—¬„π¥â“π°“√À“·À≈àßæ≈—ßß“π
∑¥·∑ππÈ”¡—π‡™◊ÈÕ‡æ≈‘ß¥’‡´≈®÷ß‰¥â¡ÿàß‡πâπ∑’Ë®–π”πÈ”¡—π
¥’‡´≈™’«¿“æ¡“„™â∑¥·∑ππÈ”¡—π‡™◊ÈÕ‡æ≈‘ß¥’‡´≈ªî‚µ√‡≈’¬¡
¡“°¢÷Èπ  ®“°°“√»÷°…“æ∫«à“ “¡“√∂„™â∑¥·∑π‰¥â‡ªìπ
Õ¬à“ß¥’ (Ma and Hanna,1999; Srivastava and Prasad,

2000)

„πªí®®ÿ∫—π µâπ∑ÿπ¢Õß°√–∫«π°“√º≈‘µ ·≈–®—¥
®”Àπà“¬πÈ”¡—π¥’‡´≈™’«¿“æ¬—ß¡’¡Ÿ≈§à“§àÕπ¢â“ß Ÿß ´÷Ëß∂◊Õ
‰¥â«à“‡ªìπÕÿª √√§ ”§—≠„π°“√π”πÈ”¡—π¥’‡´≈™’«¿“æ¡“„™â
„π‡™‘ßªØ‘∫—µ‘®√‘ß®÷ß¡’°“√§âπ§«â“«‘®—¬∂÷ß·À≈àß “√µ—Èßµâπ
√“§“∂Ÿ°  ‡™àπ   “À√à“¬¢π“¥‡≈Á°∫“ß™π‘¥∑’Ë “¡“√∂º≈‘µ

πÈ”¡—π‡æ◊ËÕπ”¡“„™â‡ªìππÈ”¡—π¥’‡´≈™’«¿“æ‰¥â (Sheehan

et al., 1998 ) ¥â«¬§ÿ≥ ¡∫—µ‘¢Õß “À√à“¬ B. braunii ∑’Ë¡’
°“√‡µ‘∫‚µÕ¬à“ß√«¥‡√Á«„π∏√√¡™“µ‘ ·≈–¡’πÈ”¡—πª√–‡¿∑
fuel oil „πª√‘¡“≥¡“° ª√–¡“≥ 75% ¢ÕßπÈ”Àπ—°‡´≈≈å
·Àâß (Sawayama et al., 1995) ®÷ß‰¥â»÷°…“°“√π” “À√à“¬
™π‘¥π’È¡“„™âª√–‚¬™πå„π°“√º≈‘µπÈ”¡—π¥’‡´≈™’«¿“æ·≈–
¬—ß‡ªìπ°“√π”∑√—æ¬“°√¡“„™â„Àâ‡ªìπª√–‚¬™πå ‡π◊ËÕß®“°
 “À√à“¬ “¡“√∂„™â· ß·≈–°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„π°“√
‡µ‘∫‚µ ∑”„Àâ “¡“√∂≈¥°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»
´÷Ëß‡ªìπªí≠À“∑”„Àâ‚≈°√âÕπ (Kojima and Zhang, 1999)

Õ¬à“ß‰√°Áµ“¡ªí®®—¬Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠µàÕ°“√º≈‘µ “À√à“¬
„π√–¥—∫Õÿµ “À°√√¡§◊Õª√‘¡“≥ “√Õ“À“√ (nutrients) ∑’Ë
®–µâÕß„™â„π°“√‡≈’È¬ß “À√à“¬ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‰π‚µ√‡®π
´÷ËßµâÕß„™â„πª√‘¡“≥¡“°·≈–¡’º≈µàÕµâπ∑ÿπ°“√º≈‘µ √«¡
∑—Èß “À√à“¬™π‘¥π’È¡’°“√‡µ‘∫‚µ™â“¢≥–∑’Ë∑”°“√‡æ“–‡≈’È¬ß
(Banerjee et al., 2002) ∑”„Àâ‰¡à “¡“√∂‡æ“–‡≈’È¬ß„π
√–¥—∫Õÿµ “À°√√¡‡æ◊ËÕº≈‘µπÈ”¡—π¥’‡´≈™’«¿“æ‰¥â ¥—ßπ—Èπ
‚§√ßß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß™à«ß· ß
∑’Ë‡À¡“– ¡µàÕ°“√‡µ‘∫‚µ·≈–ª√‘¡“≥πÈ”¡—π®“° “À√à“¬
Botryococcus braunii ‚¥¬°“√‡æ“–‡≈’È¬ß„πÀâÕß∑¥≈Õß
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æ«ßº°“  ¥”√—µπ“ ·≈– æ‘¡æ√√≥  µ—π °ÿ≈101

‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√º≈‘µ√–¥—∫Õÿµ “À°√√¡µàÕ‰ª √«¡
∑—Èß¡’ª√–‚¬™πå„π°“√∫”∫—¥πÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√
∑–‡≈∑’Ë¡’ª√‘¡“≥‰π‚µ√‡®π Ÿß

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

°“√‡µ√’¬¡À—«‡™◊ÈÕ “À√à“¬

∂à“¬À—«‡™◊ÈÕ “À√à“¬ B. braunii ≈ß„πø≈“ µå¢π“¥
250 ¡≈. ∑’Ë∫√√®ÿÕ“À“√ —ß‡§√“–Àå Ÿµ√ Modifiled Chu13

ª√‘¡“µ√ 100 ¡≈. π”‰ª«“ß∫π‡§√◊ËÕß‡¢¬à“§«“¡‡√Á« 150

√Õ∫/π“∑’ §«“¡‡¢â¡· ß 3000 ≈—°´å „Àâ “À√à“¬√—∫· ß
16 ™—Ë«‚¡ß/«—π ‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC √–¬–‡«≈“ª√–¡“≥
7 «—π ∂à“¬ “À√à“¬®“°·µà≈–ø≈“ µå≈ß„π¢«¥·°â«°âπ·∫π
‡®◊Õ®“ß¥â«¬Õ“À“√ Modifiled Chu13 „π —¥ à«πÀ—«‡™◊ÈÕ
µàÕÕ“À“√‡∑à“°—∫ 1 µàÕ 2 ‡≈’È¬ß„π ¿“«–‡¥‘¡·µà„ÀâÕ“°“»
º ¡ CO

2
 1%  Õ—µ√“ 7 ≈‘µ√/π“∑’  ‡ªìπ‡«≈“ 7-10 «—π

‡æ◊ËÕ„™â‡ªìπÀ—«‡™◊ÈÕ‡√‘Ë¡µâπ

°“√‡µ√’¬¡πÈ”∑‘Èß

π”πÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈¢Õß∫√‘…—∑
∑√Õªî§Õ≈·§ππ‘Ëß ®”°—¥ (¡À“™π) ∑’Ëºà“π°“√∫”∫—¥·≈â«
„π∫àÕµ°µ–°Õπ (°àÕπª≈àÕ¬ÕÕ° Ÿà∫÷ßª√–¥‘…∞å) ¡“°√Õß
ºà“πºâ“¢“«∫“ß‡æ◊ËÕ≈¥ª√‘¡“≥ “√·¢«π≈Õ¬ π”‰ª¶à“‡™◊ÈÕ
∑’ËÕÿ≥À¿Ÿ¡‘ 121ºC  ‡«≈“ 15 π“∑’  §«“¡¥—π 15 ªÕπ¥å/
µ√.π‘È« ·≈–ª√—∫§à“§«“¡‡ªìπ°√¥-‡∫  ‡∑à“°—∫ 6.7

°“√«‘‡§√“–Àå§ÿ≥≈—°…≥–¢ÕßÕ“À“√ —ß‡§√“–Àå  (Modified

Chu13) ·≈–πÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈

π”πÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈ Õ“À“√
 —ß‡§√“–Àå∑’Ëºà“π°“√¶à“‡™◊ÈÕ·≈–ºà“π°“√‡≈’È¬ß “À√à“¬„π
√–¬– early stationary phase  àß‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥
‰π‡µ√∑ øÕ ‡øµ ·≈–·Õ¡‚¡‡π’¬  ∑’Ë»Ÿπ¬å‡§√◊ËÕß¡◊Õ
«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å

°“√∑¥≈Õß‡æ◊ËÕÀ“™à«ß· ß∑’Ë‡À¡“– ¡µàÕ°“√‡µ‘∫‚µ¢Õß

 “À√à“¬

‡≈’È¬ß “À√à“¬„π¢«¥·°â«°âπ·∫π ª√‘¡“µ√‡≈’È¬ß 2

≈‘µ√ „πÕ“À“√ —ß‡§√“–Àå Ÿµ√ Modifiled Chu13 §à“§«“¡
‡ªìπ°√¥-‡∫  6.7  §«“¡‡¢â¡· ß 120 µE/m2/s  §«“¡
Àπ“·πàπ¢Õß “À√à“¬‡√‘Ë¡µâπ‡∑à“°—∫ 0.75 °√—¡πÈ”Àπ—°·Àâß/
≈‘µ√  „πÀâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 25ºC „ÀâÕ“°“»º ¡ CO

2

1% Õ—µ√“ 7 ≈‘µ√/π“∑’  ∑”°“√»÷°…“™à«ß «à“ßµàÕ™à«ß¡◊¥
16:8 , 12:12 ·≈– 24:0 ™—Ë«‚¡ß   ∑”°“√‡≈’È¬ß·∫∫°–
(batch culture) ‡°Á∫µ—«Õ¬à“ß‚¥¬«‘∏’ª≈Õ¥‡™◊ÈÕ ∑ÿ° 2 «—π
»÷°…“°“√‡µ‘∫‚µ¢Õß “À√à“¬‚¥¬«—¥§à“§«“¡¢ÿàπ (OD) ∑’Ë
§«“¡¬“«§≈◊Ëπ 435 nm  ·≈–À“πÈ”Àπ—°·Àâß¢Õß “À√à“¬
(Vonshak and Borowitzka, 1991)  §”π«≥Õ—µ√“°“√
‡µ‘∫‚µ®”‡æ“– (µ) „π™à«ß exponential growth phase

®“° Ÿµ√

µ =
lnX2 − lnX1

t2 − t1

‚¥¬ X
1

= ¡«≈¢Õß “À√à“¬‡√‘Ë¡µâπ (°√—¡/≈‘µ√)

X
2

= ¡«≈¢Õß “À√à“¬∑’Ë‡«≈“ (t) (°√—¡/≈‘µ√)

t
1

= ‡«≈“ («—π) ¢Õß “À√à“¬‡√‘Ë¡µâπ, t
2
 = ‡«≈“

(«—π) ¢Õß “À√à“¬∑’Ë‡«≈“ t

°“√‡≈’È¬ß “À√à“¬„ππÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈

‡≈’È¬ß “À√à“¬„ππÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√
∑–‡≈¢Õß∫√‘…—∑∑√Õªî§Õ≈·§ππ‘Ëß ®”°—¥ (¡À“™π)  ¡’
ª√‘¡“≥‰π‡µ√∑ 78 ¡°./≈‘µ√ ∑’Ëª√—∫§à“°√¥-‡∫  ‡∑à“°—∫ 6.7

·≈–πÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈∑’Ëª√—∫ª√‘¡“≥
 “√Õ“À“√ (‰π‡µ√∑) „Àâ≈¥≈ß 3 ‡∑à“ ¡’ª√‘¡“≥‰π‡µ√∑
26 ¡°./≈‘µ√  ‚¥¬‡≈’È¬ß “À√à“¬‡∑’¬∫°—∫Õ“À“√ —ß‡§√“–Àå
 Ÿµ√ Modifiled Chu13 §à“°√¥-‡∫  6.7 ‡≈’È¬ß„π¢«¥
·°â«°âπ·∫π  ª√‘¡“µ√°“√‡≈’È¬ß 2 ≈‘µ√  ∑’Ë§«“¡‡¢â¡· ß
120 µE/m2/s  §«“¡Àπ“·πàπ¢Õß “À√à“¬‡√‘Ë¡µâπ‡∑à“°—∫
0.75 °√—¡πÈ”Àπ—°·Àâß/≈‘µ√  ‡≈’È¬ß∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC „Àâ
Õ“°“»º ¡ CO

2
 1% Õ—µ√“ 7 ≈‘µ√/π“∑’ ‡≈’È¬ß„π™à«ß· ß

∑’Ë‡À¡“– ¡∑’Ë ÿ¥®“°°“√»÷°…“„π¢—Èπµâπ  »÷°…“°“√‡µ‘∫‚µ
¢Õß “À√à“¬‚¥¬À“§à“§«“¡¢ÿàπ ·≈–πÈ”Àπ—°·Àâß ∑ÿ° 2 «—π
π”πÈ”∑‘Èß·≈–Õ“À“√ —ß‡§√“–Àå∑’Ëºà“π°“√‡≈’È¬ß “À√à“¬„π
√–¬–  early  stationary  phase  ‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥
‰π‡µ√∑ øÕ ‡øµ ·≈–·Õ¡‚¡‡π’¬
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°“√À“ª√‘¡“≥‰Œ‚¥√§“√å∫Õπ

„π√–¬– early stationary phase π” “À√à“¬¡“∑”
·Àâß¥â«¬‡§√◊ËÕßø√’´¥√“¬‡ÕÕ√å (Freeze dryer) ®“°π—Èππ”
¡“ °—¥‰Œ‚¥√§“√å∫Õπ¥â«¬ “√≈–≈“¬‡Œ°‡´π ¥â«¬‡§√◊ËÕß
‚´π‘‡§‡µÕ√å (Sonicator) (Maxwell et al., 1968) ‚¥¬„™â
§«“¡∂’Ë‡ ’¬ß 70 Hz ‡ªìπ‡«≈“ 30 π“∑’ ®“°π—Èπ°√Õß‡´≈≈å
 “À√à“¬ÕÕ° ·≈â«π”‰ª√–‡À¬‡Œ°‡´π¥â«¬‡§√◊ËÕß√–‡À¬
 ÿ≠≠“°“»∑’ËÕÿ≥À¿Ÿ¡‘ 40ºC ®π‰¥âπÈ”Àπ—°§ß∑’Ë

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß™à«ß· ß√–À«à“ß™à«ß
 «à“ßµàÕ™à«ß¡◊¥ ·≈–À“ª√‘¡“≥‰Œ‚¥√§“√å∫Õπ∑’Ë “À√à“¬
º≈‘µ‰¥â ¥â«¬«‘∏’ paired sample T-Test ‚¥¬„™â‚ª√·°√¡
SPSS version 11.5 for Windows

º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß

»÷°…“º≈¢Õß™à«ß· ß∑’Ë‡À¡“– ¡µàÕ°“√‡µ‘∫‚µ¢Õß
 “À√à“¬ Botryococcus braunii „πÕ“À“√ —ß‡§√“–Àå Ÿµ√
Modified Chu13 ∑’Ë pH 6.7 §«“¡‡¢â¡· ß 120 µE/m2/s

§«“¡Àπ“·πàπ¢Õß “À√à“¬‡√‘Ë¡µâπ‡∑à“°—∫ 0.75 °√—¡
πÈ”Àπ—°·Àâß/≈‘µ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC „ÀâÕ“°“»º ¡ CO

2

1%  Õ—µ√“ 7 ≈‘µ√/π“∑’  „Àâ “À√à“¬√—∫· ß‡ªìπ™à«ß§◊Õ
™à«ß «à“ßµàÕ™à«ß¡◊¥ 16:8, 12:12 ™—Ë«‚¡ß ·≈–√—∫· ßÕ¬à“ß
µàÕ‡π◊ËÕß (24:0 ™—Ë«‚¡ß) ∑”°“√‡≈’È¬ß·∫∫°– æ∫«à“ “À√à“¬
¡’°“√‡µ‘∫‚µ¥’∑’Ë ÿ¥‡¡◊ËÕ “À√à“¬‰¥â√—∫· ßÕ¬à“ßµàÕ‡π◊ËÕß ‚¥¬
¡’πÈ”Àπ—°‡´≈≈å·Àâß‡∑à“°—∫ 11.97 °√—¡/≈‘µ√ „π«—π∑’Ë 14

(Figure 1) ·≈–¡’Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“–‡∑à“°—∫ 3.6 µàÕ
«—π ´÷Ëß¡’§«“¡·µ°µà“ß®“°™à«ß· ßÕ◊ËπÕ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘ (P<0.05) ·≈–„Àâ§à“ Ÿß°«à“°“√√—∫· ß‡ªìπ™à«ß§◊Õ 16

™—Ë«‚¡ß/«—π (4.65 °√—¡/≈‘µ√) ª√–¡“≥ 2.5 ‡∑à“ (¬»«¥’,
2547)  Õ¥§≈âÕß°—∫°“√‡≈’È¬ß “À√à“¬ B. braunii „π
Õ“À“√ —ß‡§√“–Àå Modified Chu13 ¡’√–¬–‡«≈“„Àâ· ß
‡∑à“°—∫ 12 ™—Ë«‚¡ß/«—π  ·≈–„Àâ· ßÕ¬à“ßµàÕ‡π◊ËÕßæ∫«à“
™ÿ¥∑’Ë„Àâ· ßÕ¬à“ßµàÕ‡π◊ËÕß “À√à“¬¡’Õ—µ√“°“√‡µ‘∫‚µ Ÿß°«à“
™ÿ¥∑’Ë„Àâ· ß‡ªìπ™à«ß (Lupi et al., 1994) ´÷Ëß°“√∑’Ë “À√à“¬
‰¥â√—∫· ßÕ¬à“ßµàÕ‡π◊ËÕß∑”„Àâª√– ‘∑∏‘¿“æ„π°“√‡ª≈’Ë¬π
· ß‡ªìπæ≈—ßß“π§«“¡√âÕπ‰¥â¥’  àßº≈„Àâ “À√à“¬ —ß‡§√“–Àå

· ß‰¥â Ÿß ÿ¥ (Richmond 1986) πÕ°®“°π—Èπ°“√√—∫· ß
‡æ‘Ë¡¢÷Èπ®–‡√àß°“√∑”ß“π¢Õß‡´≈≈å ∑”„Àâ “À√à“¬ “¡“√∂
 —ß‡§√“–Àå· ß‰¥â¥’¢÷Èπ º≈∑”„Àâ “À√à“¬¡’°“√‡µ‘∫‚µ Ÿß
(Kosaric et al., 1974)

‡¡◊ËÕ‰¥â™à«ß· ß∑’Ë‡À¡“– ¡´÷Ëß “À√à“¬‡µ‘∫‚µ¥’∑’Ë ÿ¥
·≈â« ∑”°“√∑¥≈ÕßµàÕ‚¥¬∑¥≈Õß‡≈’È¬ß “À√à“¬ B. braunii

„ππÈ”∑‘Èß®“°‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈∑’Ë‰¡àª√—∫ª√‘¡“≥
 “√Õ“À“√ (‰π‡µ√∑) ·≈–πÈ”∑‘Èß∑’Ëª√—∫ª√‘¡“≥‰π‡µ√∑ „Àâ
≈¥≈ß 3 ‡∑à“®“°§«“¡‡¢â¡¢âπ‡¥‘¡ (‰π‡µ√∑ 26 ¡°./≈‘µ√)

‡ª√’¬∫‡∑’¬∫°—∫°“√‡≈’È¬ß “À√à“¬„πÕ“À“√ —ß‡§√“–Àå Ÿµ√
Modified Chu13  ‚¥¬„Àâ√—∫· ßÕ¬à“ßµàÕ‡π◊ËÕß  æ∫«à“
 “À√à“¬‡µ‘∫‚µ‰¥â¥’∑’Ë ÿ¥„ππÈ”∑‘Èß∑’Ë‰¡à¡’°“√ª√—∫ª√‘¡“≥
‰π‡µ√∑  √Õß≈ß¡“„ππÈ”∑‘Èß∑’Ë¡’°“√ª√—∫ª√‘¡“≥‰π‡µ√∑
≈¥≈ß 3 ‡∑à“ ·≈–„πÕ“À“√ —ß‡§√“–Àå‚¥¬¡’§à“πÈ”Àπ—°·Àâß
¢Õß “À√à“¬„π«—π∑’Ë 14 ‡∑à“°—∫ 13.61 °√—¡/≈‘µ√, 12.65

°√—¡/≈‘µ√ ·≈– 11.93 °√—¡/≈‘µ√ µ“¡≈”¥—∫ ´÷Ëß„Àâ§à“ Ÿß°«à“
°“√∑¥≈Õß¢Õß¬»«¥’ (2547) ∑’Ë‡≈’È¬ß “À√à“¬„ππÈ”∑‘Èß®“°
‚√ßß“π·ª√√ŸªÕ“À“√∑–‡≈¥â«¬°“√„Àâ· ß‡ªìπ™à«ß √«¡∑—Èß
¢Õß Sawayama ·≈–§≥– (1992) ∑’Ë‡≈’È¬ß “À√à“¬ B.

braunii „ππÈ”∑‘Èß®“°∫â“π‡√◊Õπ ‚¥¬ “À√à“¬¡’Õ—µ√“°“√
‡µ‘∫‚µ Ÿß ÿ¥„ÀâπÈ”Àπ—°·Àâß 0.35 °√—¡/≈‘µ√/ —ª¥“Àå  °“√
∑¥≈Õß§√—Èßπ’È “¡“√∂ °—¥‰Œ‚¥√§“√å∫Õπ®“° “À√à“¬∑’Ë
‡≈’È¬ß„ππÈ”∑‘Èß·≈–πÈ”∑‘Èß∑’Ëª√—∫ª√‘¡“≥‰π‡µ√∑ „Àâ≈¥≈ß 3

‡∑à“‰¥â„°≈â‡§’¬ß°—π §◊Õª√–¡“≥ 34% ¢ÕßπÈ”Àπ—°·Àâß
(Figure 2) ´÷Ëß„Àâº≈·µ°µà“ß®“°°“√‡≈’È¬ß “À√à“¬„π
Õ“À“√ —ß‡§√“–Àå (P<0.05) ‚¥¬ª√‘¡“≥‰Œ‚¥√§“√å∫Õπ∑’Ë
 °—¥‰¥â¡’§à“ Ÿß°«à“°“√‡≈’È¬ß “À√à“¬‚¥¬√—∫· ß‡ªìπ™à«ß¢Õß
Vongprasert (1986) ·≈–¬»«¥’ (2527) ´÷Ëß¡’§à“‡∑à“°—∫
11.04% ·≈– 23.87% µ“¡≈”¥—∫ °“√∑’Ë “À√à“¬√—∫· ß
Õ¬à“ßµàÕ‡π◊ËÕß®–∑”„Àâº≈º≈‘µ “À√à“¬‡æ‘Ë¡‡ªìπ 2 ‡∑à“ ·≈–
ª√‘¡“≥‰Œ‚¥√§“√å∫Õπ‡æ‘Ë¡‡ªìπ  4  ‡∑à“  (Lupi  et  al.,

1994) ·µà®“°°“√‡≈’È¬ß “À√à“¬ B. braunii „ππÈ”∑‘Èß®“°
∫â“π‡√◊Õπ„Àâ√—∫· ßÕ¬à“ßµàÕ‡π◊ËÕß ‚¥¬‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß
(continuous culture)  “¡“√∂º≈‘µ‰Œ‚¥√§“√å∫Õπ‰¥â Ÿß∂÷ß
49% ¢ÕßπÈ”Àπ—°‡´≈≈å·Àâß (Sawayama et al., 1994)

÷́Ëß„Àâº≈¥’°«à“°“√∑¥≈Õß„π§√—Èßπ’È∑’Ë‡≈’È¬ß “À√à“¬·∫∫°–
πÕ°®“°π’Èª√‘¡“≥‰Œ‚¥√§“√å∫Õπ¬—ß¢÷ÈπÕ¬Ÿà°—∫ “¬æ—π∏ÿå¢Õß
 “À√à“¬ B. braunii (Metzger and Largeau, 1999)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 1 ¡.§. - °.æ. 2549
º≈¢Õß™à«ß· ßµàÕ°“√‡µ‘∫‚µ·≈–ª√‘¡“≥‰Œ‚¥√§“√å∫Õπ„π “À√à“¬ B. braunii

æ«ßº°“  ¥”√—µπ“ ·≈– æ‘¡æ√√≥  µ—π °ÿ≈103

∑¥ Õ∫ª√– ‘∑∏‘¿“æ°“√≈¥ª√‘¡“≥ “√Õ“À“√„π
πÈ”∑‘Èß‚¥¬ “À√à“¬ B. braunii ‚¥¬«‘‡§√“–Àåª√‘¡“≥ “√
Õ“À“√„ππÈ”∑‘Èß·≈–πÈ”∑‘Èß∑’Ëª√—∫ª√‘¡“≥‰π‡µ√∑„π«—π∑’Ë 14

(early stationary phase) æ∫«à“  “À√à“¬¡’°“√„™â∏“µÿ
Õ“À“√‰π‚µ√‡®π„π√Ÿª¢Õß·Õ¡‚¡‡π’¬‰¥â Ÿß ÿ¥ √Õß≈ß¡“
§◊Õ‰π‡µ√∑·≈–øÕ ‡øµ µ“¡≈”¥—∫ ‚¥¬ à«π„À≠à “À√à“¬
 “¡“√∂„™â “√Õ“À“√‰¥â¥’∑’Ë ÿ¥„ππÈ”∑‘Èß∑’Ëª√—∫ª√‘¡“≥ “√
Õ“À“√¡’§à“‡∑à“°—∫ 96.55% 78.5% ·≈– 66.74% µ“¡
≈”¥—∫ (Table 1) Õ“®‡π◊ËÕß®“°„ππÈ”∑‘Èß∑’Ë‰¡àª√—∫ª√‘¡“≥
 “√Õ“À“√¡’ª√‘¡“≥ “√Õ“À“√¡“°‡°‘πæÕ  ‚¥¬‡©æ“–
‰π‡µ√∑¡’¡“°°«à“„ππÈ”∑‘Èß∑’Ëª√—∫ª√‘¡“≥‰π‡µ√∑ ·≈–„π
Õ“À“√ —ß‡§√“–Àåª√–¡“≥ 3 ‡∑à“ ·≈– 2.5 ‡∑à“ µ“¡≈”¥—∫
¥—ßπ—Èπ√–À«à“ß°“√∑¥≈Õß§√—Èßπ’È¬—ß§ß¡’‰π‡µ√∑‡À≈◊ÕÕ¬Ÿà„π
Õ“À“√‡≈’È¬ß  √«¡∑—Èß„π√–¬– early stationary phase

 “À√à“¬∫“ß à«πÕ“®µ“¬ ∑”„Àâª√‘¡“≥‰π‡µ√∑„πÕ“À“√
‡≈’È¬ß‡æ‘Ë¡‡™àπ°—π  à«π·Õ¡‚¡‡π’¬ “À√à“¬¡’°“√„™â¡“°°«à“
‰π‡µ√∑ ‡π◊ËÕß®“°‚¥¬∑—Ë«‰ª “À√à“¬®–„™â·Õ¡‚¡‡π’¬À¡¥
°àÕπ ®÷ß®–„™â‰π‡µ√∑ (Kaplan et al., 1986)  ®“°°“√
»÷°…“¢Õß Sawayama ·≈–§≥– (1992) ∑’Ë‡≈’È¬ß “À√à“¬
B. braunii „ππÈ”∑‘Èß®“°∫â“π‡√◊Õπ (ª√‘¡“≥‰π‡µ√∑ 7.67

¡°./≈‘µ√)  “¡“√∂„™âª√‘¡“≥‰π‡µ√∑‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘-
¿“æ‡∑à“°—∫ 99.8% „π√–¬– exponential phase ‡π◊ËÕß®“°
„π™à«ßπ’È “À√à“¬¡’°“√‡µ‘∫‚µ Ÿß ÿ¥

 “À√à“¬ “¡“√∂„™â∏“µÿÕ“À“√øÕ øÕ√— „π√Ÿª¢Õß
øÕ ‡øµ‰¥â¥’∑’Ë ÿ¥„ππÈ”∑‘Èß 74.11% √Õß≈ß¡“„ππÈ”∑‘Èß∑’Ë
ª√—∫ª√‘¡“≥‰π‡µ√∑ 66.74% ·≈–„πÕ“À“√ —ß‡§√“–Àå
55.89%  (Table  1)  ´÷Ëß„Àâº≈·µ°µà“ß®“° “À√à“¬  B.

braunii ∑’Ë‡≈’È¬ß„ππÈ”∑‘Èß®“°∫â“π‡√◊Õπ ́ ÷Ëß¡’ª√‘¡“≥øÕ ‡øµ

Figure 2. Hydrocarbon contents of Botryococcus braunii in effluent, adjusted effluent (1/3

original nitrate concentration) and Modified Chu13 under continuous illumination.

Figure 1.  Growth of Botryococcus braunii in Modified Chu13 during 3 various photoperiods.
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0.02 ¡°./≈‘µ√  ‚¥¬ “À√à“¬ “¡“√∂„™âøÕ ‡øµ‰¥â‡°◊Õ∫
100% „π√–¬– exponential growth (Sawayama et al.,

1992)  Õ“®‡π◊ËÕß®“°„ππÈ”∑‘Èß®“°∫â“π‡√◊Õπ¡’ª√‘¡“≥
øÕ ‡øµπâÕ¬ ´÷Ëß‡æ’¬ßæÕµàÕ°“√‡µ‘∫‚µ¢Õß “À√à“¬‡¡◊ËÕ
‡∑’¬∫°—∫„ππÈ”∑‘Èß·≈–Õ“À“√ —ß‡§√“–Àǻ ÷Ëß¡’ª√‘¡“≥øÕ ‡øµ
§àÕπ¢â“ß Ÿß ‚¥¬¡’§à“ 43.65 ¡°./≈‘µ√ ·≈– 14.6 ¡°./≈‘µ√
µ“¡≈”¥—∫  Casadevall ·≈–§≥– (1985) √“¬ß“π«à“‚¥¬
∑—Ë«‰ª “À√à“¬™π‘¥π’È®–¥Ÿ¥´—∫øÕ ‡øµÕ¬à“ß√«¥‡√Á«„π
ª√‘¡“≥‡°‘π§«“¡µâÕß°“√¢Õß‡´≈≈å „π√–¬– early ex-

ponential growth ª√‘¡“≥∑’Ë‡À≈◊Õ„™â®–‡°Á∫ – ¡Õ¬Ÿà¿“¬
„π‡´≈≈å„π√Ÿª polyphosphate granules ·≈– “À√à“¬®–
π”øÕ ‡øµ¡“„™â‡¡◊ËÕª√‘¡“≥øÕ ‡øµ„πÕ“À“√‡≈’È¬ß∂Ÿ°„™â
À¡¥‰ª ·µà„π√–¬– early stationary phase  “À√à“¬∫“ß
 à«πÕ“®®–µ“¬ ¥—ßπ—Èπª√‘¡“≥øÕ ‡øµ∑’Ë – ¡¿“¬„π‡´≈≈å
®–∂Ÿ°ª≈àÕ¬ÕÕ°¡“ ®÷ß∑”„Àâ°“√À“ª√‘¡“≥øÕ ‡øµ∑’Ë·∑â
®√‘ß‡ªìπ‰ª‰¥â¬“°

®“°º≈°“√»÷°…“¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–‡≈’È¬ß “À√à“¬
B. braunii ∑’Ë¡’‰Œ‚¥√§“√å∫Õπ Ÿß  „ππÈ”∑‘Èß®“°‚√ßß“π
·ª√√ŸªÕ“À“√∑–‡≈ ´÷Ëß¡’ª√‘¡“≥·Õ¡‚¡‡π’¬ ‰π‡µ√∑ ·≈–
øÕ ‡øµ Ÿß ‡ªìπ°“√™à«¬≈¥µâπ∑ÿπ„π¥â“π “√‡§¡’́ ÷Ëß¡’√“§“
·æß ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√º≈‘µ‰Œ‚¥√§“√å∫Õπ √«¡∑—Èß
 “À√à“¬®–™à«¬∫”∫—¥πÈ”∑‘Èß°àÕπª≈àÕ¬≈ß Ÿà·À≈àßπÈ”∏√√¡™“µ‘
´÷ËßªÑÕß°—π°“√‡°‘¥¡≈æ‘… (pollution) „π ‘Ëß·«¥≈âÕ¡

Table 1. Characteristic of culture media (Modified Chu13, Effluent and

Adjusted effluent to reduce nitrate 3 fold concentrations) during

cultivation of Botryococcus braunii.

         Medium Effluent Adjusted effluent Modified Chu13

Nitrate-N (mg/l)
     day 0 78 26 32
     day 14 21.27 5.59 5.69
     % reduced 72.73 78.50 82.20
Ammonia-N (mg/l)
     day 0 12.18 4.06 -
     day 14 2.52 0.14 -
     % reduced 79.31 96.55 -
Orthophosphate (mg/l)
     day 0 43.65 14.55 14.6
     day 14 11.3 4.84 6.44
     % reduced 74.11 66.74 55.89

‡Õ° “√Õâ“ßÕ‘ß

¬»«¥’  «— ¥‘√—°…“. 2547. °“√‡æ“–‡≈’È¬ß “À√à“¬ Botryococus

braunii  ∑’Ë¡’‰Œ‚¥√§“√å∫Õπ Ÿß  „ππÈ”∑‘Èß®“°‚√ßß“π
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