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Effect of dilution rate and light intensity on growth of a diatom

Chaetoceros calcitrans under continuous cultivation in flat-panel

photobioreactor
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Batch and continuous cultures of a marine diatom Chaetoceros calcitrans were conducted in flat-

panel photobioreactors. The photobioreactor was made of transparent plastic sheet filled with 5.5 L of

Guillard's  F/2  culture  medium  (prepared  with  30  PSU  salinity  seawater).  The  photobioreactor  was

continuously illuminated at 16 µµµµµmol photon m-2 s-1 with fluorescence lamps and operated under ambient

room temperature (26-38ºC). With batch cultivation, C. calcitrans had the maximum cell density of 160x104

cells ml-1 and maximum specific growth rate of 1.03 day-1. During continuous cultivation, addition of fresh

medium and removal of diatom cells were conducted using a peristaltic pump. The dilution rate was varied
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Dilution rate and light intensity on growth of a diatom C. calcitrans

Kutako, M. and Powtongsook, S.

from 0.52 to 1.97 day-1 in 12 steps. The results showed that the highest cell density of 193x104 cells ml-1 was

obtained at the lowest dilution rate (0.52 day-1). When the dilution rate was increased to 1.97 day-1, cell

density of the diatom at steady state was decreased to 6x104 cells ml-1. However, the highest productivity was

obtained at 0.98 day-1 dilution rates which provided cell productivity of 132x104 cell ml-1 day-1. In addition,

increase in light intensity from 16 to 40 µµµµµmol photon m-2 s-1 resulted in an increase of the diatom growth and

productivity, especially at low dilution rate. With this study, the recommended dilution rate for continuous

cultivation of C. calcitrans was approximately 0.8 day-1. At this dilution rate, cell productivity of approx-

imately 112x104 cells ml-1 day-1 or cell dry weight productivity of 64 mg L-1 day-1 could be expected.

Key words : microalgae, diatom, Chaetoceros, continuous culture, photobioreactor
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°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ Chaetoceros calcitrans ·∫∫·∫µ™å·≈–·∫∫µàÕ‡π◊ËÕß  ∑”„π∂—ßªØ‘°√≥å™’«¿“æ

√Ÿª∑√ß·ºàπ·∫π∑’Ë∑”®“°æ≈“ µ‘°„ «“ß„π·π«µ—Èß ¿“¬„π∫√√®ÿÕ“À“√‡æ“– “À√à“¬ Ÿµ√ Guillard F/2 ∑’Ë‡µ√’¬¡®“°

πÈ”∑–‡≈§«“¡‡§Á¡ 30 PSU ª√‘¡“µ√ 5.5 ≈‘µ√ „Àâ· ß§«“¡‡¢â¡ 16 ‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√
-2
 «‘π“∑’

 -1
 ¥â«¬À≈Õ¥

‰øø≈ŸÕÕ‡√ ‡´πµå ·≈–∑”°“√∑¥≈Õß„πÀâÕß∑’Ë‰¡à¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Õÿ≥À¿Ÿ¡‘Õ¬Ÿà√–À«à“ß 26-38
o
C) æ∫«à“„π°“√

‡æ“–‡≈’È¬ß·∫∫·∫µ™å‰¥Õ–µÕ¡¡’§«“¡Àπ“·πàπ‡´≈≈å Ÿß ÿ¥ 160x10
4
 ‡´≈≈å ¡≈.

-1
 ·≈–¡’Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“– Ÿß ÿ¥

1.03 «—π
-1
 ®“°°“√‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß∑’Ë¡’°“√‡µ‘¡Õ“À“√‡æ“–‡™◊ÈÕ„À¡à·≈–π”‡´≈≈åÕÕ°µ≈Õ¥‡«≈“‚¥¬„™â‡§√◊ËÕß

 Ÿ∫πÈ”·∫∫√’¥ “¬ „π√–À«à“ß°“√∑¥≈Õß‰¥â·ª√º—πÕ—µ√“°“√‡®◊Õ®“ß (dilution rate) √–À«à“ß 0.52 «—π
-1
 ∂÷ß 1.97 «—π

-1

®”π«π 12 √–¥—∫ æ∫«à“°“√‡æ“–‡≈’È¬ß¥â«¬Õ—µ√“°“√‡®◊Õ®“ßµË” 0.52 «—π
-1
 ‰¥Õ–µÕ¡¡’§«“¡Àπ“·πàπ‡´≈≈å Ÿß ÿ¥ 193x

10
4
 ‡´≈≈å ¡≈.

-1
 ·≈–°“√‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ®“ß àßº≈„Àâ§«“¡Àπ“·πàπ¢Õß‡´≈≈å‰¥Õ–µÕ¡≈¥≈ß ‚¥¬‡¡◊ËÕª√—∫Õ—µ√“

°“√‡®◊Õ®“ß‡æ‘Ë¡¢÷Èπ‡ªìπ 1.97 «—π
-1
 æ∫«à“‰¥Õ–µÕ¡¡’§«“¡Àπ“·πàπ≈¥≈ß‡À≈◊Õ 6x10

4
 ‡´≈≈å ¡≈.

-1
 ·µà‡¡◊ËÕæ‘®“√≥“

Õ—µ√“º≈º≈‘µ (productivity) æ∫«à“√–¥—∫Õ—µ√“°“√‡®◊Õ®“ß 0.98 «—π
-1
 ®–„ÀâÕ—µ√“º≈º≈‘µ‡´≈≈å Ÿß ÿ¥ 132x10

4
 ‡´≈≈å

¡≈.
-1
 «—π

-1
 πÕ°®“°π’È°“√‡æ‘Ë¡§«“¡‡¢â¡· ß®“° 16 ‡ªìπ 40 ‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√

-2
 «‘π“∑’

 -1
  àßº≈„Àâ‡´≈≈å¡’

§«“¡Àπ“·πàπ·≈–Õ—µ√“º≈º≈‘µ Ÿß¢÷Èπ ‚¥¬§«“¡‡¢â¡· ß®–¡’º≈¡“°„π°“√‡≈’È¬ß¥â«¬Õ—µ√“°“√‡®◊Õ®“ßµË” ‚¥¬Õ—µ√“

°“√‡®◊Õ®“ß∑’Ë§«√„™â ”À√—∫°“√‡æ“–‡≈’È¬ß C. calcitrans ·∫∫µàÕ‡π◊ËÕßÕ¬Ÿà∑’Ëª√–¡“≥ 0.8 «—π
-1
 ´÷Ëß®–„ÀâÕ—µ√“º≈º≈‘µ

‡´≈≈åª√–¡“≥ 112x10
4
 ‡´≈≈å ¡≈.

-1
 «—π

-1
 À√◊Õ§‘¥‡ªìπÕ—µ√“º≈º≈‘µπÈ”Àπ—°·Àâß 64 ¡°. ≈‘µ√

-1
 «—π

-1

‰¥Õ–µÕ¡ Chaetoceros calcitrans ‡ªìπ “À√à“¬
‡´≈≈å‡¥’¬«∑’Ëπ‘¬¡π”¡“„™â‡ªìπÕ“À“√‡æ◊ËÕ°“√‡æ“–‡≈’È¬ß·≈–
Õπÿ∫“≈ —µ«åπÈ”‡§Á¡ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß≈Ÿ°°ÿâß ≈Ÿ°ªŸ ·≈–ÀÕ¬
 ÕßΩ“ ‡π◊ËÕß®“°Õß§åª√–°Õ∫∑“ß™’«‡§¡’¢Õß‰¥Õ–µÕ¡
™π‘¥π’ÈÕÿ¥¡‰ª¥â«¬°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—« (polyunsaturated

fatty acids) ‡™àπ EPA (eicosapentaenoic acid, C20:

5ω3) AA (arachidonic acid, C20:4ω6) ·≈– DHA

(docosahexaenoic acid, C22:6ω3) ´÷Ëß°√¥‰¢¡—π‰¡àÕ‘Ë¡

µ—«‡À≈à“π’È¡’∫∑∫“∑ ”§—≠µàÕæ—≤π“°“√ Õ—µ√“°“√‡µ‘∫‚µ
·≈–Õ—µ√“°“√√Õ¥¢Õß —µ«åπÈ” °“√ ”√«®‡Õ° “√ß“π«‘®—¬
æ∫«à“‰¥Õ–µÕ¡ Chaetoceros sp. ¡’°“√ – ¡°√¥‰¢¡—π
‰¡àÕ‘Ë¡µ—«¥—ß°≈à“«„πª√‘¡“≥∑’Ë Ÿß°«à“ “À√à“¬‡´≈≈å‡¥’¬«
™π‘¥Õ◊ËπÊ ‡™àπ Skeletonema costatum, Thalassiosira

sp. ·≈– Isochrysis sp. (Enright et al., 1986; Whyte,

1984)

‚¥¬∑—Ë«‰ª°“√‡æ“–‡≈’È¬ß “À√à“¬‡æ◊ËÕ„™â„πÕÿµ “À-
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°√√¡°“√‡æ“–‡≈’È¬ß —µ«åπÈ”π‘¬¡∑”„π√–∫∫‡ªî¥ (open

system) ´÷Ëß∑”‰¥âßà“¬·≈–≈ß∑ÿπ‰¡à¡“° ·µà√–∫∫°“√‡æ“–
‡≈’È¬ß·∫∫‡ªî¥¡—°‡°‘¥°“√ªπ‡ªóôÕπ®“° ‘Ëß¡’™’«‘µ™π‘¥Õ◊ËπÊ
‚¥¬‡©æ“–‚ª√‚µ´—«·≈–·∫§∑’‡√’¬µà“ßÊ ´÷Ëß àßº≈°√–∑∫
‚¥¬µ√ßµàÕ§ÿ≥¿“æ¢Õßº≈º≈‘µ “À√à“¬·≈–Õ“®°àÕ„Àâ‡°‘¥
‚√§·°à —µ«åπÈ” (Chaumont, 1993; Richmond, 1996)

ªí≠À“¥—ß°≈à“« “¡“√∂À≈’°‡≈’Ë¬ß‰¥â‚¥¬°“√‡æ“–‡≈’È¬ß
 “À√à“¬¥â«¬√–∫∫ªî¥„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫„™â· ß
(enclosed photobioreactor system) ´÷Ëß¡’¢âÕ¥’§◊Õ (1)

 “¡“√∂§«∫§ÿ¡ ¿“«–·«¥≈âÕ¡∑“ß°“¬¿“æ„π°“√‡æ“–
‡≈’È¬ß‰¥â (2)  “À√à“¬¡’°“√°√–®“¬µ—«Õ¬à“ß ¡Ë”‡ ¡Õ∑”„Àâ
 —¡º— °—∫· ß‰¥âÕ¬à“ß∑—Ë«∂÷ß (3) Õ—µ√“°“√√–‡À¬¢ÕßπÈ”„π
Õ“À“√‡æ“–‡™◊ÈÕ√–À«à“ß°“√‡æ“–‡≈’È¬ß¡’πâÕ¬ (4)  “¡“√∂
ªÑÕß°—π°“√ªπ‡ªóôÕπ®“° ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ‰¥â¥’ (5) „Àâº≈
º≈‘µ∑’Ë Ÿß°«à“°“√‡æ“–‡≈’È¬ß„π∫àÕ‡ªî¥ (6) ≈¥µâπ∑ÿπ„π°“√
‡æ“–‡≈’È¬ß‡π◊ËÕß®“° “¡“√∂‡≈’È¬ß “À√à“¬‰¥â¥â«¬§«“¡Àπ“
·πàπ Ÿß¢÷Èπ (Chen, 1996)  „πªí®®ÿ∫—π¡’°“√º≈‘µ “À√à“¬
‚¥¬‡æ“–‡≈’È¬ß„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫µà“ßÊ  ‡™àπ  °“√
‡æ“–‡≈’È¬ß “À√à“¬ Porphyridium cruentum (Rebolloso

Fuentes et al., 1999), Isochrysis galbana (Zhu et al.,

1997) ·≈– Phaeodactylum tricornutum (Chrismadha

and Borowitzka, 1994) „π∂—ßªØ‘°√≥å™’«¿“æ·∫∫∑àÕ
¬“« (tubular photobioreactor) °“√‡æ“–‡≈’È¬ß “À√à“¬
Chlorococcum littorale (Hu et al., 1998) ·≈– Spiru-

lina platensis (Hu et al., 1996) „π∂—ßªØ‘°√≥å™’«¿“æ
·∫∫·ºàπ·∫π (flat-panel photobioreactor) ´÷Ëß‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°“√‡æ“–‡≈’È¬ß “À√à“¬„π∂—ßªØ‘°√≥å™’«¿“æ∑—Èß
 Õß·∫∫®–æ∫«à“∂—ßªØ‘°√≥å·∫∫·ºàπ·∫π¡’¢âÕ‰¥â‡ª√’¬∫
§◊Õ ∂—ßªØ‘°√≥å¡’§«“¡∫“ß∑”„Àâ· ß “¡“√∂ àÕßºà“π‰¥â¥’
¡’æ◊Èπ∑’Ë„π°“√√—∫· ß¡“°·≈–√Ÿª·∫∫¢Õß∂—ßªØ‘°√≥å∑’Ë
ª√“»®“°¢âÕµàÕ∑”„Àâ≈¥ªí≠À“„π√–À«à“ß°“√„™âß“π √«¡
∑—Èß “¡“√∂ª√—∫‡ª≈’Ë¬π«— ¥ÿ∑’Ë„™â∑”∂—ßªØ‘°√≥å‰¥âµ“¡§«“¡
‡À¡“– ¡ ‰¡à«à“®–‡ªìπ·°â« æ≈“ µ‘°Õ–§√‘≈‘° (acrylic)

·≈–·ºàπæ≈“ µ‘°„ ™π‘¥Õ◊ËπÊ (Richmond and Cheng-

Wu, 2001)

ß“π«‘®—¬π’È‰¥â √â“ß∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π
‡æ◊ËÕ„™â„π°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ C. calcitrans ·∫∫
µàÕ‡π◊ËÕß ‚¥¬‰¥â‡≈◊Õ°„™â«— ¥ÿ∑’Ë‡ªìπ·ºàπæ≈“ µ‘° PVC

™π‘¥„  §«“¡Àπ“ 0.7 ¡¡. π”¡“æ—∫¢÷Èπ√Ÿª‡ªìπ∂—ßªØ‘°√≥å
°“√„™âæ≈“ µ‘° PVC ∑”„Àâ∂—ßªØ‘°√≥å¢π“¥§«“¡®ÿ 5.5

≈‘µ√ ¡’µâπ∑ÿπ°“√ √â“ß‡æ’¬ß 140 ∫“∑ ´÷Ëß®–∂Ÿ°°«à“°“√„™â
°√–®°À√◊Õæ≈“ µ‘°™π‘¥Õ◊Ëπ  ·µà¡’§«“¡§ß∑π‡æ’¬ßæÕ
 ”À√—∫°“√„™âß“π„π√–¬–‡«≈“ 1-2 ªï ‚¥¬„π°“√∑¥≈Õß
®–π”∂—ßªØ‘°√≥å¥—ß°≈à“«¡“„™â‡æ“–‡≈’È¬ß “À√à“¬·∫∫
µàÕ‡π◊ËÕß‡æ◊ËÕ„Àâ‰¥âº≈º≈‘µ‡´≈≈å∑’Ë‡µ‘∫‚µ„π√–¬–∑«’§Ÿ≥
(exponential phase) µ≈Õ¥‡«≈“ ÷́Ëß®–‡ªìπº≈º≈‘µ
 “À√à“¬∑’Ë¡’§ÿ≥¿“æ Ÿß·≈–¡’Õß§åª√–°Õ∫∑“ß™’«‡§¡’§ß∑’Ë
„π¢≥–∑’Ë°“√‡æ“–‡≈’È¬ß “À√à“¬·∫∫·∫µ™å (batch culture)

∑—Ë«‰ª®–‰¥â‡´≈≈å∑’Ë‡µ‘∫‚µÕ¬Ÿà„π™à«ßª≈“¬¢Õß√–¬–‡µ‘∫‚µ
·≈–„π§«“¡‡ªìπ®√‘ßæ∫«à“‡°…µ√°√∑—Ë«‰ª¡—°ª≈àÕ¬„Àâ‡´≈≈å
‡¢â“ Ÿà√–¬–§ß∑’Ë (stationary phase) À√◊Õ√–¬–µ“¬ (death

phase) ‡π◊ËÕß®“°¢“¥°“√¥Ÿ·≈·≈–∂à“¬‡™◊ÈÕ∑’Ë‡À¡“– ¡ ‚¥¬
º≈®“°°“√∑¥≈Õß∑’Ë‰¥â®–π”¡“„™â‡ªìπ·π«∑“ß„π°“√º≈‘µ
‰¥Õ–µÕ¡ C. calcitrans ·∫∫µàÕ‡π◊ËÕß ‡æ◊ËÕ„™â ”À√—∫°“√
Õπÿ∫“≈≈Ÿ° —µ«åπÈ”µàÕ‰ª

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√

1. À—«‡™◊ÈÕ‰¥Õ–µÕ¡ Chaetoceros calcitrans ∑’Ë„™â„π°“√

∑¥≈Õß

À—«‡™◊ÈÕ¢Õß‰¥Õ–µÕ¡ C. calcitrans ‰¥â√—∫§«“¡
Õπÿ‡§√“–Àå®“° ∂“∫—π«‘∑¬“»“ µ√å∑“ß∑–‡≈ ¡À“«‘∑¬“≈—¬
∫Ÿ√æ“ π”¡“‡æ“–‡≈’È¬ß„π¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡≈. ∑’Ë¡’
Õ“À“√‡æ“– “À√à“¬ Ÿµ√  F/2  (Guillard  and  Ryther,

1962) ª√‘¡“µ√ 100 ¡≈. ´÷Ëß‡µ√’¬¡®“°πÈ”∑–‡≈∑’Ë¡’§«“¡
‡§Á¡ 30 PSU ‡æ“–‡≈’È¬ß¿“¬„µâ ¿“«–ª≈Õ¥‡™◊ÈÕ„πÀâÕß
ªØ‘∫—µ‘°“√∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 25±2ºC ·≈–¡’· ß§«“¡‡¢â¡
ª√–¡“≥ 16 ‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’-1 µ≈Õ¥
24 ™—Ë«‚¡ß ‡¡◊ËÕ‰¥Õ–µÕ¡¡’°“√‡µ‘∫‚µ‡¢â“ Ÿà√–¬–∑«’§Ÿ≥®÷ß
∑”°“√¢¬“¬ª√‘¡“µ√°“√‡æ“–‡≈’È¬ß‡æ◊ËÕπ”‰ª„™â‡ªìπ‡´≈≈å
‡√‘Ë¡µâπ (starter) „π°“√∑¥≈Õß ‚¥¬¬â“¬‰¥Õ–µÕ¡≈ß‡æ“–
‡≈’È¬ß„π¢«¥‡≈’È¬ß‡™◊ÈÕ¢π“¥ 5 ≈‘µ√ ∑’Ë¡’Õ“À“√‡æ“– “À√à“¬
 Ÿµ√ F/2 ª√‘¡“µ√ 4 ≈‘µ√ ‡æ“–‡≈’È¬ß¿“¬„µâ ¿“«–‡™àπ
‡¥’¬«°—∫°“√‡≈’È¬ßÀ—«‡™◊ÈÕ‰¥Õ–µÕ¡·µà¡’°“√æàπÕ“°“»µ≈Õ¥
‡«≈“
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2. ∂—ßªØ‘°√≥å™’«¿“æ∑’Ë„™â„π°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡

C. calcitrans

∂—ßªØ‘°√≥å™’«¿“æ ”À√—∫„™â„π°“√‡æ“–‡≈’È¬ß‰¥
Õ–µÕ¡ C. calcitrans ¡’√Ÿª∑√ß·∫∫·ºàπ·∫π«“ß„π·π«
µ—Èß ∑”®“°·ºàπæ≈“ µ‘° PVC „ ∑’Ë¡’¢π“¥°«â“ß 30 ´¡.
 Ÿß 38 ´¡. ·≈–Àπ“ 5 ´¡. (Figure 1A) ª√‘¡“µ√°“√
∑”ß“π¢Õß∂—ßªØ‘°√≥å‡∑à“°—∫ 5.5 ≈‘µ√ ¿“¬„π∂—ßªØ‘°√≥å
™’«¿“æ ª√–°Õ∫¥â«¬ ∑àÕæ≈“ µ‘°„ √Ÿª∑√ß ’Ë‡À≈’Ë¬¡¢π“¥
3 x 28 x 5 ́ ¡. ®”π«π 3 ∑àÕ µ‘¥µ—ÈßÀà“ß®“°°âπ∂—ßªØ‘°√≥å
™’«¿“æ 4 ´¡. æàπÕ“°“»∑’Ë°√Õßºà“π™ÿ¥°√Õß¢π“¥√Ÿæ√ÿπ
0.22 ‰¡‚§√‡¡µ√ (Gelman Sciences √ÿàπ Acro 50) ≈ß
„π∑àÕæ≈“ µ‘°∑—Èß 3 ∑àÕ Õ“°“»®“°¥â“π≈à“ß®–≈Õ¬µ—«¢÷Èπ
 Ÿà¥â“π∫π¢Õß∂—ßªØ‘°√≥å™’«¿“æ ‡°‘¥°√–· °“√À¡ÿπ¢Õß
¡«≈πÈ”·∫∫Õ“°“»¬° (air-lifted) ∑”„Àâ‡´≈≈å‰¥Õ–µÕ¡

¡’°“√‡§≈◊ËÕπ∑’Ë·≈–°√–®“¬µ—«Õ¬Ÿà„π¡«≈πÈ”Õ¬à“ß ¡Ë”‡ ¡Õ
µ≈Õ¥‡«≈“  à«π¥â“π∫π¢Õß∂—ßªØ‘°√≥åªî¥ºπ÷°¥â«¬Ω“∑’Ë
∑”®“°æ≈“ µ‘°„  °àÕπ‡√‘Ë¡‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡®–∑”°“√
¶à“‡™◊ÈÕ¿“¬„π∂—ßªØ‘°√≥å·≈–„ππÈ”∑–‡≈∑’Ë„™â‡µ√’¬¡Õ“À“√
‡æ“– “À√à“¬‚¥¬°“√æàπ·°ä ‚Õ‚´π‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 1

™—Ë«‚¡ß ®“°π—ÈπæàπÕ“°“»∑‘Èß‰«âÕ¬à“ßπâÕ¬ 6 ™—Ë«‚¡ß °àÕπ∑’Ë
®–‡µ‘¡ “√≈–≈“¬‡¢â¡¢âπ¢ÕßÕ“À“√‡æ“– “À√à“¬ Ÿµ√ F/2

≈ß„π∂—ßªØ‘°√≥å
„π√–À«à“ß°“√‡æ“–‡≈’È¬ß “À√à“¬ ¡’°“√„Àâ· ß «à“ß

¥â«¬À≈Õ¥‰øø≈ŸÕÕ‡√ ‡´π å· ß ’¢“«Õ¬à“ßµàÕ‡π◊ËÕßµ≈Õ¥
24 ™—Ë«‚¡ß ‚¥¬°“√∫—π∑÷°§«“¡‡¢â¡· ß∑”°“√«—¥§à“§«“¡
‡¢â¡· ß∑’Ë∫√‘‡«≥º‘«Àπâ“¢Õß∂—ßªØ‘°√≥å·≈–«—¥§à“§«“¡
‡¢â¡· ß∑’Ë àÕßºà“πÕÕ°¡“∑“ß¥â“πÀ≈—ß¢Õß∂—ßªØ‘°√≥å∑’Ë¡’
°“√∫√√®ÿπÈ”∑–‡≈Õ¬Ÿà¿“¬„π ®“°π—Èπ®÷ßπ”§à“§«“¡‡¢â¡· ß

Figure 1. Schematic design of a flat-panel photobioreactor (A) and continuous culture system

used in this study (B).

(A)

(B)
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∑—Èß Õß§à“¡“§”π«≥À“§à“‡©≈’Ë¬·≈–„™â‡ªìπ§à“§«“¡‡¢â¡· ß
®√‘ß∑’Ë “À√à“¬‰¥â√—∫¿“¬„π∂—ßªØ‘°√≥å

3. °“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ C. calcitrans ·∫∫·∫µ™å

„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π

°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ C. calcitrans ·∫∫·∫µ™å
(batch) „π∂—ßªØ‘°√≥å™’«¿“æ∑’Ë¡’Õ“À“√‡æ“– “À√à“¬ Ÿµ√
F/2  ª√‘¡“µ√ 5.5 ≈‘µ√  ∑”‚¥¬„™â‡´≈≈å‡√‘Ë¡µâπ§«“¡Àπ“
·πàπ 5x104 ‡´≈≈å ¡≈.-1 π”¡“∑¥≈Õß‡≈’È¬ß‡ªìπ‡«≈“ 6 «—π
¿“¬„πÀâÕß∑¥≈Õß∑’Ë‰¡àµ‘¥µ—Èß‡§√◊ËÕßª√—∫Õ“°“»´÷Ëß∑”„Àâ
Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»¡’°“√‡ª≈’Ë¬π·ª≈ß‰ªµ“¡∏√√¡™“µ‘
‡™àπ‡¥’¬«°—∫Õÿ≥À¿Ÿ¡‘∑’Ëæ∫‰¥â„π‚√ß‡æ“–‡≈’È¬ß —µ«åπÈ”∑—Ë«‰ª
·≈–®—¥„Àâ¡’· ß àÕß «à“ßÕ¬à“ßµàÕ‡π◊ËÕßµ≈Õ¥ 24 ™—Ë«‚¡ß
‚¥¬¡’§«“¡‡¢â¡· ß„π∂—ßªØ‘°√≥å‡∑à“°—∫ 16 ‰¡‚§√‚¡≈
‚øµÕπ ‡¡µ√-2 «‘π“∑’-1   „π√–À«à“ß°“√∑¥≈Õß¡’°“√
µ√«®·≈–∫—π∑÷°Õÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë∫√‘‡«≥∂—ßªØ‘°√≥å‚¥¬„™â
‡§√◊ËÕß∫—π∑÷°Õ—µ‚π¡—µ‘ ·≈–∑”°“√µ√«®«—¥°“√‡µ‘∫‚µ¢Õß
‰¥Õ–µÕ¡¥â«¬«‘∏’°“√π—∫‡´≈≈å‚¥¬„™â ‰≈¥åπ—∫‡¡Á¥‡≈◊Õ¥
(haemocytometer) ·≈–§”π«≥Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“–
(specific growth rate: µ) ¢Õß‰¥Õ–µÕ¡¥—ß ¡°“√ (1)

µ =
ln x2 − ln x1

t2 − t1
(1)

µ = Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“– («—π-1)

x = §«“¡‡¢â¡¢âπ‡´≈≈å (‡´≈≈å ¡≈.-1)
t = ‡«≈“„π°“√‡æ“–‡≈’È¬ß “À√à“¬ («—π)

4. °“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ C. calcitrans ·∫∫µàÕ‡π◊ËÕß

„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π

‡√‘Ë¡®“°°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡  C.  calcitrans

·∫∫·∫µ™å„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π∑’Ë¡’Õ“À“√
‡æ“– “À√à“¬ Ÿµ√ F/2 ª√‘¡“µ√ 5.5 ≈‘µ√ √–∫∫°“√‡æ“–
‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß· ¥ß„π Figure 1B „π°“√∑¥≈Õß‡æ“–
‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß ‡√‘Ë¡µâπ®“°‡æ“–‡≈’È¬ß·∫∫·∫µ™å‡æ◊ËÕ„Àâ
‡´≈≈å¡’°“√‡µ‘∫‚µ„π√–¬–∑«’§Ÿ≥  ®“°π—Èπ∑”°“√‡ª≈’Ë¬π
√–∫∫‡æ“–‡≈’È¬ß®“°·∫∫·∫µ™å‡ªìπ·∫∫µàÕ‡π◊ËÕß ‚¥¬„™â
‡§√◊ËÕß Ÿ∫πÈ”·∫∫√’¥ “¬¬“ß (Masterflex® L/S peristaltic

pump)  Ÿ∫Õ“À“√‡æ“– “À√à“¬ Ÿµ√ F/2 ®“°∂—ß‡°Á∫¢π“¥

70 ≈‘µ√  ‡µ‘¡≈ß„π∂—ßªØ‘°√≥å™’«¿“æÕ¬à“ßµàÕ‡π◊ËÕß·≈–
„π¢≥–‡¥’¬«°—π‡´≈≈å∑’Ë‡µ‘∫‚µÕ¬Ÿà¿“¬„π∂—ßªØ‘°√≥å™’«¿“æ
°Á®–‰À≈ÕÕ°®“°√–∫∫Õ¬à“ßµàÕ‡π◊ËÕß„πÕ—µ√“∑’Ë‡∑à“°—π „π
√–À«à“ß°“√∑¥≈Õß¡’°“√µ√«®«—¥ª√‘¡“µ√¢ÕßÕ“À“√‡æ“–
 “À√à“¬∑’Ë‰À≈ÕÕ°®“°√–∫∫‡æ“–‡≈’È¬ß‡ªìπª√–®”∑ÿ°«—π
‡æ◊ËÕ„™â„π°“√§”π«≥Õ—µ√“°“√‡®◊Õ®“ß (dilution rate: D)

¥—ß ¡°“√ (2)

D =
F
V

(2)

D = Õ—µ√“°“√‡®◊Õ®“ß («—π-1)

F = Õ—µ√“°“√‰À≈ (≈‘µ√ «—π-1)

V = ª√‘¡“µ√¢Õß∂—ßªØ‘°√≥å™’«¿“æ (≈‘µ√)

„π°“√‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß ‡¡◊ËÕ‡´≈≈å¡’°“√‡µ‘∫‚µ
„π¿“«–§ß∑’Ë (steady state) À¡“¬∂÷ß‡´≈≈å¡’°“√‡µ‘∫‚µ
‡æ‘Ë¡®”π«π¢÷Èπ∑¥·∑π‡´≈≈å à«π∑’Ë∂Ÿ°°”®—¥ÕÕ°®“°√–∫∫
æÕ¥’ ¥—ßπ—ÈπÕ—µ√“°“√‡µ‘∫‚µ®”‡æ“–¢Õß‰¥Õ–µÕ¡®–‡∑à“°—∫
Õ—µ√“°“√‡®◊Õ®“ß (µ = D) ´÷Ëß°“√·ª√º—πÕ—µ√“°“√‡®◊Õ
®“ß¢Õß∂—ßªØ‘°√≥å„π√–À«à“ß°“√∑¥≈Õß ®–µâÕß§ß√–¥—∫
Õ—µ√“°“√‡®◊Õ®“ß∑’Ë∑”„Àâ‡´≈≈å‡µ‘∫‚µ„π¿“«–§ß∑’Ë‡ªìπ‡«≈“
Õ¬à“ßπâÕ¬ 3 «—π

4.1 º≈¢ÕßÕ—µ√“°“√‡®◊Õ®“ßµàÕ°“√‡µ‘∫‚µ¢Õß
‰¥Õ–µÕ¡ C. calcitrans ∑’Ë‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß„π∂—ß
ªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π

°“√∑¥≈Õß„πÀ—«¢âÕπ’È∑”„π∂—ßªØ‘°√≥å™’«¿“æ
®”π«π 3 ∂—ß „π·µà≈–∂—ßªØ‘°√≥å‡√‘Ë¡®“°°“√‡æ“–‡≈’È¬ß
‰¥Õ–µÕ¡·∫∫·∫µ™å‚¥¬„™â‡´≈≈å‡√‘Ë¡µâπª√–¡“≥ 33x104

‡´≈≈å ¡≈.-1 ®“°π—Èπ‡¡◊ËÕæ∫«à“‡´≈≈å‡√‘Ë¡¡’°“√·∫àßµ—«·∫∫
∑«’§Ÿ≥®÷ß‡√‘Ë¡ª√—∫√–∫∫°“√‡æ“–‡≈’È¬ß‡ªìπ·∫∫µàÕ‡π◊ËÕß
‚¥¬Õ—µ√“°“√‡®◊Õ®“ßµË” ÿ¥∑’Ë„™â„π°“√‡æ“–‡≈’È¬ß‡∑à“°—∫
50% ¢ÕßÕ—µ√“°“√‡µ‘∫‚µ®”‡æ“– Ÿß ÿ¥ (µ

max
) ∑’Ë‰¥â®“°

°“√‡æ“–‡≈’È¬ß·∫∫·∫µ™å (À—«¢âÕ 3) ´÷Ëß¡’§à“ª√–¡“≥ 0.52

«—π-1 ·≈–‡¡◊ËÕæ∫«à“‡´≈≈å‡µ‘∫‚µ„π¿“«–§ß∑’Ë‡ªìπ‡«≈“π“π
°«à“ 3 «—π ®÷ß∑”°“√‡√àß§«“¡‡√Á«¢Õß‡§√◊ËÕß Ÿ∫πÈ”‡æ◊ËÕ‡æ‘Ë¡
Õ—µ√“°“√‡®◊Õ®“ß¢÷Èπ¥—ß· ¥ß„π Table 1

 ¿“«–·«¥≈âÕ¡„π√–À«à“ß°“√∑¥≈Õß§≈â“¬
°—∫°“√∑¥≈Õß‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡·∫∫·∫µ™å ‚¥¬Õÿ≥À¿Ÿ¡‘
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ÀâÕß¢≥–∑¥≈Õß¡’§à“‡©≈’Ë¬ 31±3ºC §«“¡‡¢â¡· ß¿“¬„π
∂—ßªØ‘°√≥å 16 ‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’ -1 (ª√–¡“≥
800 ≈—°´å)  µ√«®«—¥°“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡¥â«¬«‘∏’°“√
π—∫‡´≈≈å ·≈–µ√«®«—¥πÈ”Àπ—°·Àâß‚¥¬°“√°√Õß “À√à“¬
ª√‘¡“µ√ 20 ¡≈. ¥â«¬·ºàπ°√Õß GF/C ∑’Ë∑√“∫πÈ”Àπ—°
·πàπÕπ·≈–π”‰ªÕ∫·Àâß∑’Ë 80ºC ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß
À≈—ß®“°π—Èπ®÷ßπ”πÈ”Àπ—° “À√à“¬·Àâß≈∫ÕÕ°®“°πÈ”Àπ—°
¢Õß·ºàπ°√Õß ·≈–π”¢âÕ¡Ÿ≈¡“§”π«≥Õ—µ√“º≈º≈‘µ¢Õß
‡´≈≈å‰¥Õ–µÕ¡„πÀπà«¬ ¡‘≈≈‘°√—¡‡´≈≈å·Àâß ≈‘µ√-1 «—π-1

4.2 º≈¢Õß§«“¡‡¢â¡· ß·≈–Õ—µ√“°“√‡®◊Õ®“ßµàÕ
°“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡ C. calcitrans ∑’Ë‡æ“–‡≈’È¬ß„π∂—ß
ªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π

∑”°“√∑¥≈Õß„π√–∫∫∂—ßªØ‘°√≥å·≈– ¿“æ
·«¥≈âÕ¡‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß„πÀ—«¢âÕ 4.1 ·µà¡’°“√
ª√—∫‡ª≈’Ë¬π§«“¡‡¢â¡· ß 3 √–¥—∫ §◊Õ 16, 25 ·≈– 40

‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’ -1 (ª√–¡“≥ 800, 1250

·≈– 2000 ≈—°´å) ∑”°“√‡æ“–‡≈’È¬ß·∫∫·∫µ™å‡ªìπ‡«≈“ 5

«—π ®“°π—Èπ‡√‘Ë¡‡æ“–‡≈’È¬ß‡´≈≈å·∫∫µàÕ‡π◊ËÕß‚¥¬„™âÕ—µ√“
°“√‡®◊Õ®“ß‡√‘Ë¡µâπ 0.60 «—π-1 À≈—ß®“°∑’Ë‡´≈≈åÕ¬Ÿà„π¿“«–
§ß∑’Ë®÷ß∑”°“√‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ®“ß¢÷Èπ‡ªìπ 0.92 ·≈– 1.33

«—π-1 µ“¡≈”¥—∫

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. °“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡ C. calcitrans ∑’Ë‡æ“–‡≈’È¬ß

·∫∫·∫µ™å„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π

º≈°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡·∫∫·∫µ™å„π∂—ßªØ‘°√≥å
™’«¿“æ∑’Ë¡’Õ“À“√‡æ“–‡™◊ÈÕ “À√à“¬ª√‘¡“µ√ 5.5 ≈‘µ√ „π
ÀâÕßªØ‘∫—µ‘°“√∑’Ë‰¡à¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ æ∫«à“‰¥Õ–µÕ¡
¡’§«“¡Àπ“·πàπ‡´≈≈å Ÿß ÿ¥ 160x104 ‡´≈≈å ¡≈.-1 „π«—π∑’Ë
4 ¢Õß°“√‡æ“–‡≈’È¬ß À√◊Õ‡∑à“°—∫ 86 ¡°.‡´≈≈å·Àâß ≈‘µ√-1

·≈–‰¥Õ–µÕ¡¡’Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“–„π™à«ß«—π∑’Ë 0-4

¢Õß°“√‡æ“–‡≈’È¬ß ‡∑à“°—∫ 1.03 «—π-1 (Figure 2) ‚¥¬„π
√–À«à“ß°“√∑¥≈Õß¡’Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬¢ÕßÀâÕßªØ‘∫—µ‘°“√

Table 1. Variation of dilution rates (average±SD) during continuous

culture of C. calcitrans in each photobioreactor.

                Dilution rate (day-1)
Reactor number

Day 3-17 Day 17-23 Day 23-29 Day 29-31

1   0.52±0.003   0.69±0.003   0.95±0.001   1.07±0.002
2 0.74±0.03 0.98±0.01 1.30±0.01 1.48±0.03
3 0.97±0.05 1.28±0.05 1.74±0.02 1.97±0.06

Figure 2.  Batch culture of a marine diatom C. calcitrans in flat-panel photobioreactor.
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‡∑à“°—∫ 31±3ºC (µË” ÿ¥ 26ºC ·≈– Ÿß ÿ¥ 38ºC) ´÷Ëß§«“¡
Àπ“·πàπ¢Õß‰¥Õ–µÕ¡∑’Ë‰¥â®“°°“√∑¥≈Õßπ’ÈÕ¬Ÿà„π√–¥—∫
∑’Ë„°≈â‡§’¬ß°—∫∑’Ë‡§¬¡’√“¬ß“π‰«â„π ¿“«–°“√‡≈’È¬ß¢Õß
ª√–‡∑»‰∑¬ ‡™àπ „π°“√»÷°…“¢Õß ∏‘¥“·≈–ª√–°‘µ (2527)

∑’Ë‡æ“–‡≈’È¬ß Chaetoceros ‰¥â§«“¡Àπ“·πàπ Ÿß ÿ¥ 104x

104 ‡´≈≈å ¡≈.-1 „π ¿“«–ÀâÕßªØ‘∫—µ‘°“√ ·≈–°“√»÷°…“
¢Õß ‚™µ‘¡“ ·≈–§≥– (2533) ∑’Ë‡æ“–‡≈’È¬ß Chaetoceros

„π‚À≈·°â«¢π“¥ 10 ≈‘µ√ ‰¥â§«“¡Àπ“·πàπ‡´≈≈å‡©≈’Ë¬
132x104 ‡´≈≈å ¡≈.-1 Õ¬à“ß‰√°Áµ“¡°“√‡µ‘∫‚µ·≈–§«“¡
Àπ“·πàπ¢Õß‰¥Õ–µÕ¡∑’Ë‡æ“–‡≈’È¬ß„π∂—ßªØ‘°√≥å™’«¿“æ
·∫∫·ºàπ·∫π‚¥¬„™â°“√æàπÕ“°“»∏√√¡¥“„π°“√»÷°…“π’È
¡’§à“µË”°«à“§à“∑’Ë‰¥â√“¬ß“π‰ª·≈â«„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫
Õ“°“»¬°  (Krichnavaruk  et  al.,  2005)  ´÷Ëß‰¥â§«“¡
Àπ“·πàπ Ÿß°«à“ 408x104 ‡´≈≈å ¡≈.-1  ‡π◊ËÕß®“°°“√
∑¥≈Õß¥—ß°≈à“«‡ªìπ°“√„™âÕ“°“»∑’Ë¡’ à«πº ¡¢Õß·°ä 
§“√å∫Õπ‰¥ÕÕ°‰´¥å 1% ´÷Ëß®–™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π
°“√ —ß‡§√“–Àå· ß¢Õß “À√à“¬‰¥â¡“°

2. º≈¢ÕßÕ—µ√“°“√‡®◊Õ®“ßµàÕ°“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡

C. calcitrans ∑’Ë‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß„π∂—ßªØ‘°√≥å

™’«¿“æ·∫∫·ºàπ·∫π

°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ C. calcitrans ·∫∫µàÕ‡π◊ËÕß
„π∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π‡ªìπ‡«≈“ 31 «—π
º≈°“√∑¥≈Õßæ∫«à“À≈—ß®“°∑’Ë‡≈’È¬ß·∫∫·∫µ™å‡ªìπ‡«≈“ 2

«—π ‰¥Õ–µÕ¡¡’°“√‡µ‘∫‚µ‡æ‘Ë¡®”π«π·∫∫∑«’§Ÿ≥ ¥—ßπ—Èπ
®÷ß‡√‘Ë¡∑”°“√‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß‚¥¬∑¥≈Õß·ª√º—π
Õ—µ√“°“√‡®◊Õ®“ß 4 √–¥—∫  ‡√‘Ë¡µâπ®“°°“√„™âÕ—µ√“°“√
‡®◊Õ®“ß 0.52 «—π-1  „π™à«ß«—π∑’Ë 5-16 æ∫«à“‰¥Õ–µÕ¡
¡’§«“¡Àπ“·πàπ‡´≈≈å Ÿß ÿ¥‡©≈’Ë¬ 193x104 ‡´≈≈å ¡≈.-1

À≈—ß®“°π—Èπ®÷ß‰¥â‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ®“ß¢÷Èπ‡ªìπ 0.69, 0.95

·≈– 1.07 «—π-1  àßº≈„Àâ§«“¡Àπ“·πàπ‡©≈’Ë¬¢Õß‡´≈≈å„π
™à«ß∑’Ë¡’°“√‡µ‘∫‚µ·∫∫µàÕ‡π◊ËÕß≈¥≈ß‡À≈◊Õ 170x104, 90x

104 ·≈– 50x104 ‡´≈≈å ¡≈.-1 µ“¡≈”¥—∫ (Figure 3) ´÷Ëß
· ¥ß„Àâ‡ÀÁπ«à“°“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡¿“¬„π∂—ßªØ‘°√≥å
‡ªìπ‰ªµ“¡√Ÿª·∫∫¢Õß chemostat culture ´÷Ëß‡´≈≈å®–¡’
°“√‡µ‘∫‚µ„π√–¬–∑«’§Ÿ≥µ≈Õ¥‡«≈“ ·≈–§«“¡‡¢â¡¢âπ¢Õß
 “√Õ“À“√®–‡ªìπªí®®—¬∑’Ë®”°—¥Õ—µ√“°“√‡µ‘∫‚µ ÷́Ëß„π
 ¿“«–¥—ß°≈à“«§«“¡Àπ“·πàπ‡´≈≈å®–·ª√º°º—π°—∫Õ—µ√“
°“√‡®◊Õ®“ß (Bailey and Ollis, 1986)

º≈°“√‡æ“–‡≈’È¬ß C. calcitrans ·∫∫µàÕ‡π◊ËÕß‚¥¬
„™â∂—ßªØ‘°√≥å√Ÿª·ºàπ·∫π®”π«π 3 ™ÿ¥ ‚¥¬∑’Ë·µà≈–∂—ß
ªØ‘°√≥å¡’°“√·ª√º—πÕ—µ√“°“√‡®◊Õ®“ß 4 √–¥—∫ (Table 1)

∑”„Àâ¡’Õ—µ√“°“√‡®◊Õ®“ß∑—ÈßÀ¡¥∑’Ë„™â„π°“√∑¥≈Õß‡∑à“°—∫
12 √–¥—∫ ‡¡◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“ª√–¡«≈‡¢â“¥â«¬°—π®–‰¥âº≈
°“√∑¥≈Õß¥—ß· ¥ß„π Figure 4 æ∫«à“°“√‡æ‘Ë¡Õ—µ√“°“√
‡®◊Õ®“ß àßº≈„Àâ§«“¡Àπ“·πàπ‡´≈≈å≈¥≈ß ·≈–∑’ËÕ—µ√“°“√
‡®◊Õ®“ß 1.97 «—π-1 ‡À≈◊Õ§«“¡Àπ“·πàπ‡´≈≈å‡æ’¬ß 6x104

‡´≈≈å ¡≈.-1  ´÷ËßÀ“°‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ®“ß„Àâ Ÿß°«à“π’È°Á®–

Figure 3. Concentration of C. calcitrans in flat-panel photobioreactor at various dilution

rates (a = 0.52, b = 0.69, c = 0.95 and d = 1.07 day-1, respectively).
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Dilution rate and light intensity on growth of a diatom C. calcitrans

Kutako, M. and Powtongsook, S.

‡°‘¥ª√“°Ø°“√≥å∑’Ë‡´≈≈å∂Ÿ°™–ÕÕ°®“°√–∫∫‡æ“–‡≈’È¬ß
®πÀ¡¥ (washed out) ‚¥¬º≈¢ÕßÕ—µ√“°“√‡®◊Õ®“ß°—∫
§«“¡Àπ“·πàπ‡´≈≈åπ’È¡’≈—°…≥–‡™àπ‡¥’¬«°—π°—∫º≈∑’Ë‰¥â®“°
°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ Amphora delicatissima ¢Õß
¡–≈‘«—≈¬å ·≈–§≥– (2547) ∑’Ëæ∫«à“°“√‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ
®“ß®“° 0.17 ‡ªìπ 0.81 «—π-1  àßº≈„Àâ§«“¡Àπ“·πàπ‡´≈≈å
¢Õß A. delicatissima ≈¥≈ß®“° 300x104 ‡À≈◊Õ 90x104

‡´≈≈å ¡≈.-1 ‡¡◊ËÕ§”π«≥§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√
‡®◊Õ®“ß·≈–§«“¡Àπ“·πàπ‡´≈≈å¢Õß C. calcitrans æ∫
«à“§«“¡Àπ“·πàπ‡´≈≈å®–·ª√º°º—π°—∫Õ—µ√“°“√‡®◊Õ®“ß
¢Õß√–∫∫„π≈—°…≥–∑’ËÕ∏‘∫“¬‰¥â¥â«¬ ¡°“√‡ âπµ√ß ´÷Ëßº≈
®“°°“√§”π«≥®“° ¡°“√®–¡’§«“¡·¡àπ¬”ª√–¡“≥ 86%

(R2 = 0.86) ‡¡◊ËÕ‡∑’¬∫°—∫§à“∑’Ë«—¥‰¥â®√‘ß ∑—Èßπ’È‡π◊ËÕß®“°°“√
∑¥≈Õß∑”„πÀâÕß∑’Ë‰¡à¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‡æ◊ËÕ„Àâ¡’ ¿“«–
·«¥≈âÕ¡„°≈â‡§’¬ß°—∫°“√‡æ“–‡≈’È¬ß “À√à“¬„π‚√ß‡æ“–
‡≈’È¬ß —µ«åπÈ”‚¥¬∑—Ë«‰ª ∑”„Àâ ¿“«–·«¥≈âÕ¡‚¥¬‡©æ“–
Õÿ≥À¿Ÿ¡‘„π·µà≈–™à«ß¢Õß°“√∑¥≈Õß¡’§«“¡·µ°µà“ß°—π‰¥â
 àßº≈„Àâ‡°‘¥°“√·ª√º—π¢Õßº≈°“√∑¥≈Õß¢÷Èπ‰¥â§àÕπ¢â“ß
¡“°

°“√™–≈â“ß‡´≈≈åÕÕ°®“°√–∫∫®–‡°‘¥¢÷Èπ‡¡◊ËÕ∑”°“√
‡æ“–‡≈’È¬ß‡´≈≈å·∫∫µàÕ‡π◊ËÕß¥â«¬Õ—µ√“°“√‡®◊Õ®“ß Ÿß°«à“
Õ—µ√“°“√‡µ‘∫‚µ Ÿß ÿ¥ ∑—Èßπ’È‡π◊ËÕß®“°‡´≈≈å‰¡à “¡“√∂‡µ‘∫‚µ
·∫àßµ—«‰¥â∑—π°—∫Õ—µ√“°“√‡®◊Õ®“ß´÷Ëß‡ªìπ°“√°”®—¥‡´≈≈å
ÕÕ°®“°∂—ß‡≈’È¬ß (Bailey and Ollis, 1986) º≈®“°°“√

»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡·∫∫µàÕ‡π◊ËÕß
¥â«¬Õ—µ√“°“√‡®◊Õ®“ß  1.48-1.97  «—π-1  (Figure  4)  ´÷Ëß
‡ªìπÕ—µ√“°“√‡®◊Õ®“ß∑’Ë Ÿß°«à“Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“– Ÿß ÿ¥
∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß·∫∫·∫µ™å ÷́Ëß‡∑à“°—∫ 1.03 «—π-1

(Figure 2)  àßº≈„Àâ§«“¡Àπ“·πàπ‡´≈≈å„π∂—ßªØ‘°√≥å
≈¥≈ßÕ¬à“ß¡“° ‚¥¬ Wen ·≈– Chen (2001) °Á‰¥â√“¬ß“π
‰«â«à“°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ Nitzchia lavis ¥â«¬Õ—µ√“
°“√‡®◊Õ®“ß 1.0 «—π-1 ´÷Ëß‡ªìπÕ—µ√“°“√‡®◊Õ®“ß∑’Ë Ÿß°«à“
Õ—µ√“°“√‡µ‘∫‚µ®”‡æ“– Ÿß ÿ¥∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß·∫∫
·∫µ™å ®–∑”„Àâ‡°‘¥ª√“°Ø°“√≥å™–≈â“ß‡´≈≈åÕÕ°®“°√–∫∫
®πÀ¡¥ ·≈–À“°µâÕß°“√‡´≈≈å∑’Ë¡’§«“¡Àπ“·πàπ Ÿß°Á§«√
®–„™âÕ—µ√“°“√‡®◊Õ®“ß∑’Ë¡’§à“µË”

Õ¬à“ß‰√°Áµ“¡ ·¡â«à“°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡·∫∫
µàÕ‡π◊ËÕß∑’ËÕ—µ√“°“√‡®◊Õ®“ß  0.52  «—π-1  ®–„Àâ§«“¡Àπ“
·πàπ‡´≈≈å Ÿß ÿ¥ 196x104 ‡´≈≈å ¡≈.-1 ·µàÕ—µ√“º≈º≈‘µ
(productivity) ∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß Chaetoceros „π
ß“π«‘®—¬π’È¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 132x104 ‡´≈≈å ¡≈.-1 «—π-1

À√◊Õ‡∑à“°—∫ 74.7 ¡°.‡´≈≈å·Àâß ≈‘µ√-1 «—π-1 ‡¡◊ËÕ∑”°“√
‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß¥â«¬Õ—µ√“°“√‡®◊Õ®“ß 0.98 «—π-1

(Figure 4)  ‡π◊ËÕß®“°§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√
‡®◊Õ®“ß·≈–Õ—µ√“º≈º≈‘µ‡´≈≈å¢Õß√–∫∫°“√‡≈’È¬ß®ÿ≈‘π∑√’¬å
·∫∫µàÕ‡π◊ËÕß‚¥¬∑—Ë«‰ª¡’·π«‚πâ¡§«“¡ —¡æ—π∏å‡ªìπ·∫∫
‚æ≈’‚π‡¡’¬≈ (Bailey and Ollis, 1986)   º≈®“°°“√
∑¥≈Õßπ’Èæ∫«à“ “À√à“¬¡’Õ—µ√“º≈º≈‘µ Ÿß‡¡◊ËÕ∑”°“√‡≈’È¬ß

Figure 4. Cell density and productivity of C. calcitrans during continuous culture in flat-

panel photobioreactor.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 5 °.¬.
 

-
 

µ.§. 2549
Õ—µ√“°“√‡®◊Õ®“ß·≈–§«“¡‡¢â¡· ßµàÕ°“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡ C. calcitrans

¡–≈‘«—≈¬å  §ÿµ–‚§ ·≈–  √«‘»  ‡ºà“∑Õß»ÿ¢973

·∫∫µàÕ‡π◊ËÕß¥â«¬Õ—µ√“°“√‡®◊Õ®“ß√–À«à“ß 0.5-1.3 «—π-1

·¡â«à“„π√–À«à“ß°“√∑¥≈Õß®–¡’§«“¡·ª√º—π¢ÕßÕÿ≥À¿Ÿ¡‘
„π™à«ß°«â“ß°Áµ“¡  ·≈–Õ—µ√“°“√‡®◊Õ®“ß∑’Ë§«√π”¡“„™â
 ”À√—∫√–∫∫°“√º≈‘µ Chaetoceros ·∫∫µàÕ‡π◊ËÕß¡’§à“
ª√–¡“≥ 0.8 «—π-1 ‡æ√“–®–„Àâ∑—ÈßÕ—µ√“º≈º≈‘µµàÕ«—π∑’Ë Ÿß
·≈–§«“¡Àπ“·πàπ¢Õß‡´≈≈å “À√à“¬∑’Ëº≈‘µ‰¥â°Á¡’§à“ Ÿß
¥â«¬ ·µà„π§«“¡‡ªìπ®√‘ß°“√‡≈◊Õ°ª√—∫Õ—µ√“°“√‡®◊Õ®“ß∑’Ë
‡À¡“– ¡®–µâÕß¢÷ÈπÕ¬Ÿà°—∫«—µ∂ÿª√– ß§å¢Õß°“√π” “À√à“¬
‰ª„™âª√–‚¬™πå µ—«Õ¬à“ß‡™àπ °“√ª√—∫Õ—µ√“°“√‡®◊Õ®“ß Ÿß
®–∑”„Àâ‰¥Õ–µÕ¡¡’Õ—µ√“°“√·∫àß‡´≈≈å‡√Á«·≈–¡’·π«‚πâ¡
∑’Ë®–‰¥â‡´≈≈å∑’Ë¡’¢π“¥‡≈Á°·≈– ¡Ë”‡ ¡Õ ´÷Ëß®–¡’§«“¡
‡À¡“– ¡µàÕ°“√π”‰ª„™â‡≈’È¬ß≈Ÿ°°ÿâß√–¬– Zoea ¡“°°«à“
‰¥Õ–µÕ¡∑’Ë‡≈’È¬ß¥â«¬Õ—µ√“°“√‡®◊Õ®“ßµË” ‡π◊ËÕß®“°≈Ÿ°°ÿâß
√–¬– Zoea ÷́Ëß‡ªìπ√–¬–∑’Ë°‘π®ÿ≈ “À√à“¬‡ªìπÕ“À“√ ¡’
¢π“¥¢Õßª“°∑’Ë‡≈Á°¡“°

3. º≈¢Õß§«“¡‡¢â¡· ßµàÕ°“√‡µ‘∫‚µ¢Õß‰¥Õ–µÕ¡

C. calcitrans ∑’Ë‡æ“–‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß„π∂—ßªØ‘°√≥å

™’«¿“æ·∫∫·ºàπ·∫π

º≈®“°°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡·∫∫µàÕ‡π◊ËÕß„π∂—ß
ªØ‘°√≥å™’«¿“æ∑’Ë√–¥—∫§«“¡‡¢â¡· ß 3 √–¥—∫§◊Õ 16, 25

·≈–  40  ‰¡‚§√‚¡≈‚øµÕπ  ‡¡µ√-2  «‘π“∑’-1  æ∫«à“°“√
‡æ“–‡≈’È¬ß¥â«¬§«“¡‡¢â¡· ß 40 ‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2

«‘π“∑’-1  àßº≈„Àâ‡´≈≈å¡’§«“¡Àπ“·πàπ·≈–¡’Õ—µ√“º≈º≈‘µ
 Ÿß∑’Ë ÿ¥ (Figure 5) ∑—Èßπ’È°“√ÕÕ°·∫∫∂—ßªØ‘°√≥å™’«¿“æ
·∫∫·ºàπ·∫π„πß“π«‘®—¬π’È ¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ™à«¬≈¥¢âÕ
®”°—¥¢Õß°“√„™â· ß¢Õß‰¥Õ–µÕ¡ ∑—Èßπ’È‡π◊ËÕß®“°∂—ßªØ‘°√≥å
∑’Ë √â“ß¢÷Èπ¡’§«“¡Àπ“‡æ’¬ß 5 ´¡. ·≈–¡’°“√º ¡¢Õß¡«≈
πÈ”Õ¬à“ß∑—Ë«∂÷ß¥â«¬√–∫∫Õ“°“»¬° ∑”„Àâ· ß àÕßºà“π‰¥â¥’
·≈–‡´≈≈å¡’°“√À¡ÿπ‡«’¬π∑”„Àâ‰¥â√—∫· ßÕ¬à“ß∑—Ë«∂÷ß  ´÷Ëß
Hu  ·≈–§≥–  (1998)  ‰¥â™’È„Àâ‡ÀÁπ«à“  §«“¡∫“ß¢Õß∂—ß
ªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π™à«¬≈¥¢âÕ®”°—¥‡√◊ËÕß· ß‰¥â
¥’°«à“∂—ßªØ‘°√≥å™’«¿“æ·∫∫∑àÕ¬“«¡—°æ∫ªí≠À“‡√◊ËÕß°“√
∫¥∫—ß· ß°—π‡Õß (self shading) ‡™àπ‡¥’¬«°—∫°“√‡æ“–
‡≈’È¬ß„π∫àÕÀ√◊Õ„π∂—ß¢π“¥„À≠à∑’Ë‡´≈≈å∑’ËÕ¬Ÿà¥â“π„πÀ√◊Õ¥â“π
≈à“ß¢Õß∂—ßªØ‘°√≥å‰¥â√—∫· ßπâÕ¬°«à“‡´≈≈å¥â“ππÕ°  àßº≈
°√–∑∫µàÕª√– ‘∑∏‘¿“æ°“√ —ß‡§√“–Àå· ß·≈–°“√‡µ‘∫‚µ
¢Õß “À√à“¬¿“¬„π∂—ßªØ‘°√≥å (Chen, 1996)  º≈°“√
∑¥≈Õß„π Figure 5 · ¥ß„Àâ‡ÀÁπ«à“°“√‡≈’È¬ß “À√à“¬·∫∫
µàÕ‡π◊ËÕß¥â«¬Õ—µ√“°“√‡®◊Õ®“ß Ÿß 1.33 «—π-1 ®–¡’§«“¡
Àπ“·πàπ¢Õß‡´≈≈åµË” ∑”„Àâ‡´≈≈å “À√à“¬„π∂—ßªØ‘°√≥å
‰¡à‰¥â√—∫º≈°√–∑∫®“°°“√∫—ß· ß°—π‡Õß¡“°π—°  §«“¡
Àπ“·πàπ¢Õß‡´≈≈å∑’Ë‡≈’È¬ß¥â«¬§«“¡‡¢â¡· ß 25 ·≈– 40

‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’-1 ®÷ß¡’§à“„°≈â‡§’¬ß°—π
„π¢≥–∑’Ë§«“¡‡¢â¡· ß®–¡’º≈µàÕ°“√‡µ‘∫‚µÕ¬à“ß¡“°‡¡◊ËÕ
∑”°“√‡≈’È¬ß·∫∫µàÕ‡π◊ËÕß¥â«¬Õ—µ√“°“√‡®◊Õ®“ßµË” ∑—Èßπ’È

 Figure 5. Cell number (Cell) and productivity (Prod.) at steady stage growth of C. calcitrans
cultured under various light intensities (40, 25, 16 µµµµµmol Photon m-2 s-1) in flat-

panel photobioreactors.
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‡æ√“–°“√‡≈’È¬ß¥â«¬Õ—µ√“°“√‡®◊Õ®“ßµË” 0.6 «—π-1 ∑”„Àâ‰¥â
‡´≈≈å∑’Ë¡’§«“¡Àπ“·πàπ Ÿß∑”„Àâ‡°‘¥°“√®”°—¥ª√‘¡“≥· ß
¢÷Èπ¿“¬„π∂—ßªØ‘°√≥å ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‰¥Õ–µÕ¡„π∂—ß
ªØ‘°√≥å∑’Ë‰¥â√—∫· ß§«“¡‡¢â¡µË” 16 ‰¡‚§√‚¡≈‚øµÕπ
‡¡µ√-2 «‘π“∑’-1 ®–¡’§«“¡Àπ“·πàπ‡´≈≈å·≈–Õ—µ√“º≈º≈‘µ
∑’ËµË”°«à“‰¥Õ–µÕ¡∑’Ë‡≈’È¬ß¥â«¬§«“¡‡¢â¡· ß 16 ·≈– 25

‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’-1 Õ¬à“ß‡ÀÁπ‰¥â™—¥ Õ¬à“ß‰√
°Áµ“¡°“√∑¥≈Õßπ’È®”‡ªìπµâÕß®”°—¥§«“¡‡¢â¡· ß Ÿß ÿ¥‰«â
∑’Ë 40 ‰¡‚§√‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’-1 ‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘
¢ÕßÀâÕß∑¥≈Õß„π™à«ß∫à“¬ Ÿß∂÷ß 38ºC °“√„Àâ· ß§«“¡
‡¢â¡ Ÿß°«à“π’È§«“¡√âÕπ®“°À≈Õ¥‰ø®–∑”„Àâ∂—ßªØ‘°√≥å¡’
Õÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ¡“°®πÕ“® àßº≈°√–∑∫µàÕ‡´≈≈å‰¥Õ–µÕ¡
‰¥â

 √ÿª

°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡ C. calcitrans ·∫∫·∫µ™å
¥â«¬∂—ßªØ‘°√≥å™’«¿“æ·∫∫·ºàπ·∫π¿“¬„πÀâÕßªØ‘∫—µ‘
°“√∑’Ë‰¡à¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ æ∫«à“‰¥Õ–µÕ¡¡’§«“¡
Àπ“·πàπ‡´≈≈å Ÿß ÿ¥ 160x104 ‡´≈≈å ¡≈.-1 (86 ¡°.‡´≈≈å
·Àâß ≈‘µ√-1)  à«π„π°“√‡æ“–‡≈’È¬ß‰¥Õ–µÕ¡·∫∫µàÕ‡π◊ËÕß
æ∫«à“∑’ËÕ—µ√“°“√‡®◊Õ®“ßµË”‰¥Õ–µÕ¡®–¡’§«“¡Àπ“·πàπ
‡´≈≈å Ÿß·≈–°“√‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ®“ß àßº≈„Àâ§«“¡Àπ“
·πàπ‡´≈≈å≈¥≈ß  ‚¥¬„π°“√∑¥≈Õßπ’ÈÕ—µ√“°“√‡®◊Õ®“ß∑’Ë
0.52 «—π-1 ‡ªìπÕ—µ√“∑’Ë„Àâ§«“¡Àπ“·πàπ‡´≈≈å Ÿß ÿ¥§◊Õ
196x104 ‡´≈≈å ¡≈.-1  „π¢≥–∑’ËÕ—µ√“°“√‡®◊Õ®“ß 0.98

«—π-1 ®–„ÀâÕ—µ√“º≈º≈‘µ‡´≈≈å Ÿß ÿ¥ 132x104 ‡´≈≈å ¡≈.-1

«—π-1 ·≈–°“√‡æ‘Ë¡§«“¡‡¢â¡· ß®“° 16 ‡ªìπ 40 ‰¡‚§√
‚¡≈‚øµÕπ ‡¡µ√-2 «‘π“∑’-1 ®–∑”„Àâ§«“¡Àπ“·πàπ‡´≈≈å
·≈–Õ—µ√“º≈º≈‘µ¢Õß‰¥Õ–µÕ¡ Ÿß¢÷Èπ‡π◊ËÕß®“°§«“¡‡¢â¡
· ß Ÿß®–™à«¬≈¥ªí≠À“°“√≈¥≈ß¢Õß· ß„π∂—ßªØ‘°√≥å∑’Ë
‡ªìπº≈¡“®“°°“√∫—ß· ß°—π‡Õß¢Õß‡´≈≈å∑”„Àâª√– ‘∑∏‘¿“æ
°“√ —ß‡§√“–Àå· ß¢Õß‰¥Õ–µÕ¡¿“¬„π∂—ßªØ‘°√≥å‡æ‘Ë¡¢÷Èπ
‰¥â  º≈®“°°“√»÷°…“π’È™’È„Àâ‡ÀÁπ«à“Õ—µ√“°“√‡®◊Õ®“ß∑’Ë§«√
„™â„π°“√‡≈’È¬ß “À√à“¬ C. calcitrans ·∫∫µàÕ‡π◊ËÕß§◊Õ
ª√–¡“≥ 0.8 «—π-1 ´÷Ëß®–„ÀâÕ—µ√“º≈º≈‘µ‡´≈≈åª√–¡“≥
112x104 ‡´≈≈å ¡≈.-1 «—π-1 À√◊Õ§‘¥Õ—µ√“º≈º≈‘µπÈ”Àπ—°
·Àâß 64 ¡°. ≈‘µ√-1 «—π-1 ‚¥¬°“√‡æ‘Ë¡Õ—µ√“°“√‡®◊Õ®“ß Ÿß

‡°‘π‰ª®–∑”„Àâ§«“¡Àπ“·πàπ·≈–Õ—µ√“º≈º≈‘µ¢Õß‡´≈≈å
≈¥≈ß ·≈–°“√‡æ‘Ë¡§«“¡‡¢â¡· ß®–™à«¬‡æ‘Ë¡Õ—µ√“º≈º≈‘µ
 “À√à“¬‰¥â¡“°‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π°√≥’∑’Ë∑”°“√‡æ“–
‡≈’È¬ß¥â«¬Õ—µ√“°“√‡®◊Õ®“ßµË” πÕ°®“°π’È¬—ß “¡“√∂∑”°“√
‡≈’È¬ß C. calcitrans ·∫∫µàÕ‡π◊ËÕß‰¥â‡ªìπ‡«≈“π“πÀ≈“¬
‡¥◊Õπ ´÷Ëß¡’§«“¡‡À¡“– ¡¡“°µàÕ°“√π”‰ª„™â„π√–∫∫º≈‘µ
 “À√à“¬‡æ◊ËÕ°“√Õπÿ∫“≈≈Ÿ° —µ«åπÈ”«—¬ÕàÕπµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ºŸâ∑’Ë¡’ à«π√à«¡ π—∫ πÿπ‚§√ß-
°“√«‘®—¬ ‰¥â·°à √».¥√.ª√–‡ √‘∞ ¿« —πµå √».¥√. ¡‡°’¬√µ‘
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