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Optimization Model for Cultivation of Green Alga, Desmodesmus quadricauda as

Feedstock for Biodiesel Production

WauAnA 391591 uavgiling Secauysol
Pattanasak Chewpreecha' and Suneerat Ruangsomboon'
unAnga
51U a0 ATIRAN RSN AN R NZ RO RENENER T Desmodesmus
quadricauda g diuuvsnanluledia Tnadnnsesiladeiilananasadouog LAYHANARLNTUT0Y
e 7 1ladg WU']’]ﬂ’W?;W]ﬁJ@V]ﬁW@ﬂ?;I’NNuﬂm’]ﬂﬂ.l‘ﬂ’]\‘mmﬂ m@m@mmmmﬂuwwmﬂ A9 KNO,, KH,PO,,
Fe NaCl, light intensity ka CO Tma@mqmmmmm@mamw L@mm‘mm unao’r/cauda L‘W‘ﬂm@m
mmu‘l:mﬂ%miwmm central composite design ‘1/1 6 1laqg ’meum@mmﬂmuu flail Y (lipid) = 0.0038 +
(0.0066 KNO3) (0.0028 KH2P04) - (0.0130 Fe) + (0.0002 NaCl) - (0.0020 COz) - (0.0029 KNOS*KNOS)
+(0.0007 KH F’O4*KH PO )+(O.307O Fe*Fe) + (0.0001 CO *CO )+(0.0006 KNO *KH PO )+ (0.0133KNO *Fe)
+ (0.0001 KNO *llght intensity) + (0.0005 KNO *CO ) (0.0005 KH PO *Fe) (O 00001 KH PO *NaCI)
(0.0001 Fe* CO,) nennunaafeniswag L@mmummummma WAL m@m@mumu Trﬂﬂslmmﬂuﬂwuwm
m@‘umum (response surface method) Aa UTunmu KNO ‘Vl 244 g/L, KH PO ‘Vl 2 44 g/L, Fe ‘1/1 0.12 g/L, NaCl
7l 20.87 g/L, light intensity 7l 82.52 ME/m’ “Is waz CO, Fiannuudadi 6. 09 % mmummm@mmma 1.34 g/L
ARINNINARTINIAT 0.06 g/L/d HANARTNIL 1.02 g/L LA MINSHARLNETLT 0.13 g/L/d

ARNATY : Desmodesmus quadricauda TuTaRita WLLANAAINNANAAIART 1N

Abstract

Optimization model for cultivation of green alga, Desmodesmus quadricauda as feedstock for
biodiesel production was performed by screening 7 factors which affected to biomass and lipid production
of this alga. The factors; KNOS, KHZPOA, Fe, NaCl, light intensity and 002 had significant positive effect
to this alga. The optimization model by using central composite design (6 factors) for lipid production of
this alga was: Y (lipid) = 0.0038 + (0.0066 KNO3) +(0.0028 KH2PO4) —(0.0130Fe) + (0.0002 NaCl) - (0.0020
COZ)— (0.0029 KNO3*KNO3) + (0.0007 KH2PO4*KH2POA) +(0.3070 Fe*Fe) + (0.0001 COZ*COZ) + (0.0006
KNO;KHZPOA) + (0.0133 KNOS*Fe) + (0.0001 KNO3*|ight intensity) + (0.0005 KNOS*COZ) + (0.0005
KHZPOA*Fe) — (0.00001 KHQPO;NaCI) — (0.0001 Fe* COz).The optimum factors for biomass and lipid
production by response surface method were 2.44 g/L of KNOS, 2.44 g/L of KH2P04,0'12 g/L of Fe, 20.87
g/L of NaCl, light intensity 82.52 uE/m®/s and 6.09 % of 002 which provided 1.34 g/L of biomass, 0.06
g/L/d of biomass production rate, 1.02 g/L of lipid yield, and 0.13 g/L/d of lipid production rate.

Keywords: Desmodesmus quadricauda, biodiesel, model, lipid
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AN

ﬂ@@gﬁmmdqwzﬁmumqLﬁﬂﬂumﬂﬂ?mmiﬁﬁmmqmu%‘immmm:l,%@L‘waﬁqmw (biofuel)
anudnavieldzuanuaylafliegremnnunsian U REn T AT N WIRE L‘fimmmﬁry
wiulasandandniun duwsmdeeni dufinssiedunden meiinsianfvewlaeenloslddszwing
nswBrynla avsreanunsariani demadan wigicluleenues lledlisu uazluledims Sedemas
ﬂimwﬁngmﬁm%ﬂ WA mmﬁﬂmm:ﬁmmamn%m esanniugemdaman Ansldunniulseny
AAAINNITUUAZNITANUIAN amsnarunaEniintu 20-80 % seimiinuie wazliinTuldannds
58,700-136,900 Ansfalaaunsaet] Astiannuiulligfazinunfuuwaendaluledma (Chisti, 2007)

inustindnyiiasinlsstiha e Wiiumaademadlidnsaludondadie FasHanaiug
auiefimanzan Iuandnuaadanin LL@x{i’]ﬁu@‘\‘i LmeiLW’]ngmﬁmﬁﬁunuﬁﬁ ThgannnisAnE A
20RABNLINAMIY AT IUIALEN Desmodesmus quadricauda Huavseisoiulalfnaga T
L%zj@zmmm?m&nﬁu‘tmmﬁ 7l 24-28 Fu ﬂﬁ/‘]_lﬁfl[ﬂ"ﬂﬂ’}?LﬂﬁlﬂuLLﬂ@QﬂﬂQ'ﬂqmwgﬁiﬁa WaY Han et al. (2015)
MewIinaRARTaNaage (1 g/l DW) Alllsiu 31-36 % wsdeitniuegluBunaiiligann 27-31%
dleleufua e LnTtin Botryococcus braunii (Ruangsomboon, 2012) Fadunnsfiaiinlfause
giatianmnsaduuawanluledsaliludmnded Aedemsuaniaziinszduliansainaianm
LL@zﬁﬁﬁuqq‘ﬁlzﬂm Feanmzdinandesendavanaiiadelunisiaessaiuetnamnzas

WBnouindfaesanving fuulsmnu Bunnansenvnsuazanios N ae e (Mulbry et al., 2008)
i lulnsian (Converti et al., 2009; Widjaja et al., 2009) Waaneasa (Ruangsomboon et al., 2013) lag
Tulnsiauuaznaaneiadaslfamiassuinlnlfi: finuananiauaasessiuig WATVINIIASIFBINNT
%ﬁzﬁﬂmﬁmwudﬁmm‘%mLﬁuimmammLwiﬂ?‘mmﬁﬂﬁummmmﬁm iy dusumdniunuamlunnsdan
qu‘]ﬁmmmmmmmmmmmlwmm@mmmaqumnﬁnu (Liu et al., 2008) dnuanudinastanlunig
mLmqvumﬁu,mwﬂumumﬂumimmLmu‘llmmvmmm AuANTY Feamsneusazalindanudeenis
e ﬂuu,mmmm aurnaiu (Amaro et al., 2012) AHLANA TNl @ usn et AninAd N LASEA
naziinisazastindunani me\im\‘i‘wmﬁmwmm”m‘umwwm”mumim‘mLmu‘immmwmim
(Takagi et al., 2006) Ansuanlneenlasdaglunnsdanszifausesssuaiueulneenlasimunzassii
Iauiaiaany Lﬁu‘llmvléﬁﬁmma‘mmmgﬁu (Ho et al., 2010) azaniuidaudqs lunisuin lulnsiaudnmag
Iunnauuazgas N sarantinTulumagunty (Grant et al., 2014) Taailadesi1e] AULAIAINA
Fafuuaziu luamierfadefAdinsssynesdnnaeshifmwmnsaiumnnldsuaseims
ZNiath!

ﬂ@@ﬂml,mm@@umﬂ lumsnzides mummwammimmmuimLmvmmammummmmw
mﬂnmmﬂﬂm@mwmmmLLqm@@ulu@mmvmmmﬂmmvﬁ%mwhmmmummmﬂmwmLL@”
A fanalaeyszannumindy mimuumwmmiwwmgmmumqzmmLmﬂmumsmmmmmmmm@
MANMNMNIZANTRIAN1IEAN9 Naneladasaniu Tnelfuafiualug 9059 uazaransoaanTsaliacGn
uewanld Bnnedaszudnnauazanildang Tnagtuunnsssifuladefivanzaniiléfe nseanuuy
NAsBILLLLNANeITYA (factorial design) asannifhuusnnmaansdngavanatesiadesn famgnunsn
NIUNATeItIa’de VAN (main effects) wararuiuaasilass (interaction effects) LALLM AT
Hamauaues (response surface method, RSM) Tunsmsaasauaudniuizesioulssne naheainism
Flasnauannzlunnsidesamsefmanzas (optimization) Lﬁ'@ﬁmammmgﬁq@“ﬂw%ﬂm i WazAINNID
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AAINTHANNIINANAY (regression analysis) Wl lunnsmanisnlly ?dimﬂﬁqiﬂgﬂLLuumﬂaﬁuEQMQMQu@q
azudugnndnsIaN1sAneavilade (one factor at a time) (Cheng et al., 2013)

fefumsineaiiteiisaguszasfiieaueunzuansiadeiifianinasedaunauazaanantingi
lunsmnziaesivnldiamine D. quadricauda Suandntiniiugs lantadiulsiiadtsing ) $9NAU wAIUNE
HadelnglFannissnaemadinatans efluuuamienismiziasaazingmig s Tomilugu
NAMUNAUNU TaeamIngalynIdIuNITIIRLARUNAI U BN e W AR $9LAAANNIRINING T
annslszmAldEnmn i

atlnsaluazdgnig

1. MTLATANAINGE

WZLAEg e D. quadricauda AfAuEnannUelaelan anansFeusanAnnesmw anniiy
walulaginszanunddinmumsaiansziia wen1unsgms Chiorella medium (Vonshak and Maske,1982)
ludeamnzianelaenite Anadiuugs 48 pE/m?s luas 24 h AUUNA 25£0.5 °C eldanuireiduiaide
TunnsfnEndusiall
2. MafnEnavasilade iz anAadnaawaz s anninturasd e

NMN19ARNIRY (screening) ade R T anInaTuAaTNALAZTNS TALANSLELUNTNARDILLL
two-level factorial design laall 7 ffade (factors) Ae lulnsiaw, Weanesa, wan, Afueulaeanlas,
ANIINLAS, ANNLAN LazAmnniud 12 (B » Cyanocobalamin) A NTeazidenly Table 1 (Ho et al., 2012;
Ruangsomboon, 2012, 2013) @@mmuma‘wmmimﬂﬁﬂmmummiﬂ m|n|tab17Tmﬂmrﬂ‘wmammum
64 GANARDY TANARRIAT 4 i L‘wW‘Vmmmumﬂ‘lummmmmmmmmﬂmwm@@\mmuumLmuﬂmm
e uaaadng 12:12 h 1fluean 28 d m‘vm‘u'amum 25+0.5 °C 4ATa19a (dry weight) LAzt (Bligh and
Dyer, 1959) n 3 T qmemﬂmmﬂ‘llﬂa‘l,mmmmam Tnemnisdansastiadeidosnisainan significant
AN p< 0.1 fiszsumnudasiu 90 % wdarhiladediden significant AN sz ARz AN Foe
'Jﬁwummmﬁum (response surface method) AENINAABNWLIL central composite design (CCD)

Table 1 Screening factors for biomass and lipid production of D. quadricauda.

No. Model Factors Low level (-) High level (+)
1 A KN03 (/L) 0.1 2
2 B KHzPO4 (g/L) 0.1 2
3 C FeSOA.7HZO (g/L) 0 0.1
4 D NaCl (mM) 0.01 100
5 E Light intensity (LLE/m?/s) 22 69
6 F B, (cyanocobalamin, mg/L) 0 0.02

7 G CO, (%) 0 5
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Nﬂﬂ'\‘iﬂﬂﬂﬂ\‘iuﬂga'ﬂﬂ‘iﬂi

1. fladeifananasadonaauazuanAniniurasdmsne D. quadricauda

N3 1 ELHKNNINARB9T8S two-level factorial design eAnAanTadavant 7 fladt (Table 1) WWivde
ieatladeifinastneiliodn Aysiedasnauaznsndmiriiuaesamsnesnadn D.quadricauda anms
‘3Lmﬁ”ﬁ%qm@LL@”ﬁﬁﬁummmuéwﬁ%mmma‘wmm wudﬁﬂﬁwﬁﬂﬁﬁ‘éw‘%waGi@%qm@@mqﬁﬁm%ﬂﬁm
NNADA A9 light intensity 79904NNAD Fe, KNO FoNY cyanocobalamm KH PO KNO NaCl, CO WAy
KH, PO asitiu NaCl nsanéfu (Figure 1A) muﬂ@wmﬂmwﬁwamN@mmmuuﬂmauuﬂmmmmmnm
An hght intensity a9a981Aa NaCl, KH,PO,, KNO_ 323ful Fe, KNO, uaz CO, maansiul (Figure 18)

Pareto Chart of the Standardized Effects Pareto Chart of the Standardized Effects
[respons2 is biomass dzy 28, & = 0.05) A (spaonss is ligid dzy 28, & = 0.05) B
Tem Twm im
Z Factor - Name : Factor - Name
- 3
- A =KNO, = A=KNO,
& &
- B = KH,PO, - B = KH,PO,
[ [
= C=Fe am C=Fe
A= =
A D = NaCl A D =NaCl
a =
= E = Light = E = Light
E =
£ = k] =
I F 812 @ F BWZ

Standsrdived Ffect

Figure 1 Factors influence on biomass (A) and lipid production (B) of D.quadricauda.

MNFAAIatERTavE AR NI ATRIEMINE WL KNO,, KH,PO,, Fe, NaCl, light intensity,
cyanocobalamln (%3 b+ CO mmwammmahmmn ﬂ‘ﬂLN@LWNﬂ?NWmWﬂQﬂW‘WN@N@m“ﬁQNQ@@”LWNﬂu
Lmvm@waﬁmﬂmnLé’umﬁmummanWum light intensity N’ﬂﬂﬁW@[ﬂ’l’]ﬁ')N’)@Nﬁﬂmﬂm Iﬁﬂ‘W@’]i‘m’WWﬂ
FEAUANNTULBINTIN ﬁdﬂﬂﬂ’)’]ﬂ“ﬁl&ﬂﬂ\iﬂﬂﬁﬂﬂdﬁ@ﬁﬂﬁ\iﬂ@’]’]ﬂ’ﬂ%ﬁwz‘l@ﬂ (Flgure 2A)

ﬁ@@ﬂwmmwammm@mmuﬂummn AR KNO KH PO Fe, NaCI light |ntenS|ty LS CO °IN
‘MmammmLu'aquﬂ?ﬁmmmmﬁ@wmnmfsm@Nﬂmumum@\imuiwmwmu muﬁ@wwmmwaium
A ﬂ'ﬂ cyanocobalamin Luﬂquﬂ?‘mm"umﬁ%ﬂm@m@mmuum@mm LA LN@W@’W?MW@’H’]L@%QQWN‘HH‘H@Q
NIINNLIN KNO KH PO NaCl, light intensity Wae CO mmwamnm@mm@mmmumemsmﬂmm”mu
mwmummnmﬂmmmwmum 1/194Wﬂmﬁ@wmnmfm@mwamWﬂm@m@mmuummmmwmummi
NAXNRN ﬂ’ﬂ')im 28 mfammwm@mmm’m (Flgure 2B)
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Main Effects Plot for biomass day 28

Fitted Means A
Be==- KNO, | KH,PO, T Fe NaCl Light B, ] CO,
7
_E I _______:,___L___:?/_'__
]
Low level-High level
Main Effects Plot for lipid day 28 5

Fitted Means

amel KNO, | KH,PO,

o= |

Low level- H|gh Ievel

Figure 2 Factors effect on biomass (A) and lipid production (B) of D.quadricauda at 28 days of cultivation
(KNOg—g/L, KHZPO4—g/L, Fe —g/L, NaCl-mM, light intensity-uE/m?/s, cyanocobalamin-mg/L uas COZ-%).

2. AndnasanszudniladiadontauasnananuntuIRIE N D. quadricauda

n3ANENBNENATINTTMINaTTad ] wudﬁﬁ@ﬁﬂ‘ﬁ'mm@ﬁi@%qma@&iwﬁﬁmﬁﬁﬁmmmﬁﬁﬁ@ KNO *
cyanocobalamm KNO *CO AL KH PO *NaCl (Figure 3) Ing cyanocobalamm uuwmmmﬂummwmm
Gnm"l,u‘lﬁma‘mueﬁqwmwaﬂummm\mmmmmvmimmmmum T4 F mmﬂmmmmmuim
i dots Co, doafiunsdamsziuas lulasiauann KNO_dg/lunssepdng fasTIageA N
mﬂqumammmu‘ﬁmmmmumﬂ mu‘l}mmﬂuLL@Vﬂm@”lmmﬂlumimmummmu”lfﬂmmﬂl,mmuvxlfaawgm
Tuntsdnaneandasaulugasanusne ’N‘V]’11‘1)1’&WM?WEINW@NWMIHH’W?LLU\?L‘ﬁ@@LL@ mimmuimwmu
LL@v@mﬁwmqmmmqﬁmwmmmm@m@mmuu@ﬂﬁwuﬂmmmmmnmm KNO *Fe waz KNO,
*cyanocobalamin (Figure 4) Imﬂmaﬂumumﬂummmmwma‘iaﬂm o 1N meﬂuuﬂu‘ﬂmwu
dnemadldunnau WenananmanaunTy asdenalnanamnginn i
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Interaction Plot for biomass day 28

Fitted Means
KNO,* KH,PO, | KH,PO,
0.08-| = - =
oor| W -
0.06 r’/
KNO,*Fe . | Fe
e “ e KH,PO,*Fe s
0.7 4 nx
b 10.05- r"'ﬂfﬂ.
= *] *| *
E o, KNO, Nagl KH,PO,Na  Fe* NaCl _,act
0| g y . =
E 0.05 —
=
= KNO.* Light i Fe* Light NaCl* Light Light
5 om s -9 KH,PO,*Light e Lig +=zn?u
g 0.7 - eamer
006 /
* . - B 1
am KNOSB, | KHPOSB, Fe"B,, NaCFB,,  Light'B, o e
0.07- :7/: - emm
0.0
o KNOSCO,  KHPOCO Fe* CO, NaCl* Light"CO, B,,*CO, Lo,
047 :—?j -a 5
0.06-|
01 20 01 20 00 0 0 V0 20633 @BeT 00000 Q0002
KNO, KH,PO, Fe NaCl Light Cyano oo balam
Factors

Figure 3 Interaction of tested factors on biomass of D. quadricauda at 28 days of cultivation ( KNOa—g/L,
KHZPO[g/L, Fe —g/L, NaCl-mM, light intensity-puE/m™/s, cyanocobalamin-mg/L LAz COZ-%).

Interaction Plot for lipid day 28

Fitted Means
KNO,* KH,PO, KH,PO,
003 .- -+ m
mi ¥ s = =
001~ * A
KNO,*Fe KH,PO,Fe Fe
0.03-| - P
-~ -
0.02- .',—4
001 .
& KNO, Nefl KH,PQ,"NaCl Fe* NaCl NaCl
.g 003 - —_ — —a— 0
= ool L & =
=
5 001 B .
2 KNQ,? J.Lg_ht KH,PO,*Light Fe* Light NaCl* Light Light
g 0.03- - ——2203
oz L - mze
om - = | . T
KNO,* B KH,PO,"B Fe* B NaCl* B, Light*B,, B
k 12
003 — ‘amom
0| e .
"
.01 !
KNO,* CO, KH,PO,*CO | Fe*CO,  NaCI*CO, Light*CO, B,,*CO, Co,
0.03- = - ,.
002 :_’,.r—" = =
0.0l T T T T T T T T T T T T
(%1 20 a1 20 a0 a1 [ 00 220533 GABST 000000 Q00002
KNO, KH,PO, Fe NaO Light Cyanocobalam
Factors

Figure 4 Interaction of tested factors on lipid production of D. quadricauda at 28 days of cultivation
( KNOsfg/L, KH2PO[g/L, Fe —g/L, NaCl-mM, light intensity-uE/m™/s, cyanocobalamin-mg/L LAy
COZ—%).
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3. AU PaUAURIIBIANENATINTzU NS E AR TINIA LA NANANUNN LB IEMSNE D. quadricauda
miﬁﬂmmizﬁuﬁ'Lummmé’w?)‘%ﬁuﬁqmmum%‘\maﬂmmﬁmﬁuﬁ%mdwﬂﬁﬂiﬁ [T GRS
ufanmﬁmmmmﬁmmmu Tmﬂwwﬂimwmmwwummauaum (Figure 5-6) LL@Jmeumimmwm
PITININUAEHARR AT T rzmmaﬂivmmmuﬂimwmmmummmm@mmwumm aNNNMAadLile
Fansestlad B NI NARONANANTINIG UATHANARTNT d1adu wudrTTadefiiavanasonauaniane
An KNO KH PO Fe, NaCl, light intensity, cyanocobalamin Wag CO Lmﬂuﬂﬁ%ﬂmdﬂmfsmfﬂ@mmu
NITNA[BILLLIL central comp03|te de3|gn uuy 6 fladeineldlilsunsy de3|gn expert ver.7.0 Lmvmmwim
ANMIMAREINALAT eV aNNsen1siune TnelETUsunsunneadia minitab 17 1Eaunnssal
ANNITNUNLTINIAAD Y (biomass) = 0.09896 + (0.00333 KNO3) +(0.00939 KH2PO4) +(0.0540
Fe) + (0.000187 NaCl) — (0.000155 light intensity) — (0.00314 COZ) - (0.00136 KNO;KNOS) - (0.00164
KH2P04*KH2PO4) - (0.756 Fe*Fe) — (0.000001 NaCIl*NaCl) + (0.000002 light intensity*light intensity) +
(0.000353 CO;COz) +(0.001502 KNOS*KHZPOA) +(0.0346 KNOS*Fe) —(0.000013 KNOS*NaCI) —(0.000027
KNO;Iight intensity) +(0.000759 KNO3*CO2) +(0.0009 KH2P04*Fe) -(0.000075 KHZPO4*NaC|) —(0.000001
KHZPOA*Iight intensity) — (0.000027 KHQPO4*CO2) - (0.000010 Fe*NaCl) — (0.000036 Fe*light intensity) —
(0.00020 Fe*CO ) (0.000000 NaCl*light intensity) + (0.000000 NaCI*CO ) (0.000000 light intensity*CO )
mﬂmumiwmwmLLﬂifamwmwmmu KNO,, KH,PO,, Fe uaz NaCl Wi mmuﬂi”mwmﬂu
ANLAN muﬂwﬁwaiﬂlumqmﬂmmmmum Y blomass) eﬁwmﬂm EputlsBassiAiaE Andaaaa
asflAfindy dqumLLﬂmmwwummuﬂivawﬁmumau 11 light intensity | Lﬂumu nunEANIEaNENa Y
Yn9aUARAN T8 TuRe i fausRgss AN iTinanad ANTaanaasiiAfinTuriies rennsi KNO _, KH PO,
uaz Fe mmﬂimwmﬂummnLummnLﬂumeﬂJm”LuTmmu Naanaia memmmmLﬂummimmmuim
SNV LI HIZEN nmwmﬁmmmramm’;‘mmummmm’l,umqufm @91 NaCl udfazaana liiinma LA
wianmimaaetiildluBunuilligidvinlmdunndalnfon fueeelsdldtuaiuse 3adaelunis
NITAUNITIATEYLALTR @A light intensity fendusuugasinamieriailsennnuduuaslusyfusi
AL TP RATO T R aUEY: QTP RS (RSN S MmN inanas
zmmiv‘i’mwm@mamﬁﬁﬁuﬁ@ Y (lipid) = 0.00385 + (0.006613 KNOS) +(0.002816 KHZPO4)—(O.O13O
Fe) + (0.000161 NaCl) - (0.000014 light intensity) — (0.002080 COZ) —(0.002895 KNO;KNOs) +(0.000725
KHZPO4*KH2POA) + (0.307 Fe*Fe) + (0.000000 NaCl*NaCl) + (0.000001 light intensity*light intensity) +
(0.000117 COZ*COZ) +(0.000627 KNOS*KHZPO4) +(0.01329 KNOS*Fe) —(0.000000 KNO3*NaCI) +(0.000123
KNOs*Iightintensity) +(0.000471 KNO3*C02) +(0.00051 KHZPOA*Fe)—(O.OOOOH KHZPOA*NaCI)—(O.OOOOOO
KHZPOA*Iight intensity) + (0.000002 KH PO *CO ) - (0.000006 Fe*NaCl) — (0.000003 Fe*light intensity) —
(0.00012 Fe*CO ) (0.000000 NaCI Ilght |nten3|ty) (0.000000 NaCI*CO ) (0.000000 light intensity*CO )
mﬂmmwmmﬂmam@mmuuwummLLﬂmmymu KNO,, KH PO, uaz NaCl g umﬁuﬂimmﬁ
Lﬂummﬂ mmmﬁwmiﬂlumdmﬂmmmmum (Y lipid) 6]]\11/134’1?10\‘1 OWWLL‘]J?@'&?“’LM@TLLNWWL‘WN"IJLL AN
LAEAMNITLAE T ALY dausausaassitlendut sy AvaiTuAnay iy Fe, light intensity uaz CO, Lﬂumu
mmumqmmfamﬁwai‘ummumm@m@mmuuuum@mmLLﬂmmwmmummmm m@mmmuu%ummu
Futhues aannnsii KNO_, KH PO, uaz NaCl mmwalumqmﬂmm@@mmmuu vhuhumeeiagnatiades
mmimmmmmmam mwﬂummmmmummumﬂ dauAn Fe uaz CO, mmmwmmmummmm
vinshuiesann udia Fe uaz CoO, AzaaanseuliNTNIag LmeTwmﬂmvaumuu’luﬂ?mmm iegann
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Faslimdanulunsutiuraduansiuinisazaunn iy lamsmannnditngiu muIightintensityﬁudqmlﬁmmﬁm
Fonnamas A IHaREm A AIE ey

mimwmmmmu"umﬁmﬂ?ﬁﬁﬂm ‘Emﬂﬁﬁﬂmmﬂﬁuﬁﬁqmmum (Figure 5-6) NNANMIANN
Aunugsy mwﬁmmwwﬂmmmmuauiw,lmvﬁmwmmN@”Luumm@mmm mnm@ﬂ’wmmﬂﬂ?mmmm
ﬁ%wmmvmumamm@mmmm l,mvm@m@mmuu Tmmwmsmqmnmmmmuum AB 15104 KNO, ‘w 2.44
g/L, KH PO ‘Vl 244 g/L, Fe ‘Vl 0.12 g/L, NaCl ‘Vl 20.87 g/L light intensity ‘Vl 82 52 uE/m®/s LAY CO ‘Vl 6.09
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KNO, Light intensity

Figure 5 Response surface plots of influence factors on biomass of D.quadricauda at 28 days

of cultivation ( KNOS—g/L, KH2P04—g/L, Fe —g/L, NaCl-mM, light intensity-pE/m™/s,
cyanocobalamin-mg/Liaz CO2-%).



28 AN TNEATNIZAANNAN

Figure 6 Response surface plots of influence factors on lipid of D. quadricauda at 28 days of cultivation
( KNOs—g/L, KHZPOA—g/L, Fe —g/L, NaCl-mM, light intensity-uE/m™/s, cyanocobalamin-mg/L WAz COQ—%).



NNIANTINHATNIZABNLNAN 29

ag
ﬂ@ﬁﬂﬁﬁamﬁwmﬂwﬁﬁmﬁﬁﬁmmmﬁﬁﬁlmwmﬂ LAZHANNNZANFDNANARTINIA LAZHANAR
vty 1849 D. quadricauda Ae L0 KNO, @ 2.44 g/L, KHPO, #i 2.44 g/L, Fe # 0.12 g/L, NaCl 7
20.87 g/L, light intensity 82. 52 HE/m?/s LAY CO ‘I/] 6 09 % ‘Emm’mmimmﬂmﬂmmsﬂwmmmmmm
134 glL @mmmmammmam 0.06 g/L/d NANARTNET 1.02 gL LL@”IM@mqm@mmmuum 0.13 g/L/d
Fannamidgeamine ludadedangioas LﬂuLme\imw@mmmwumﬂLﬂumeqmmummum@m
Tulasials

a a
naRngsusznA
PR A . e o » = vy
nsdeafRlifuuaivayunmdeananzmatulagnisinens anrtumalulagnszaamind1idn
ALMINIANIANTEIY AnnunasuRuaels Uszanthutszunns w.a. 2558”

LANAITAN9DY

Amaro, H.M., A.C. Macedo and F.X. Malcata. 2012. Microalgae: An alternative as sustainable source of biofuels. Energy.
44: 158-166.

Bligh,E.G. and W.J.Dyer.1959. A rapid method for total lipid extraction and purification.Can J.Biochem.Phys.
37:911-917.

Cheng, K.C., M. Ren. and L. Kimberly. 2013. Statistical optimization of culture media for growth and lipid production of
Chlorella protothecoides UTEX 250. Bioresour. Technol. 128: 44-48.

Chisti, Y. 2007. Biodiesel from microalgae. Biotech. Adv. 25: 294-306.

Converti, A., AA. Casazza., E.Y.Ortiz., P. Perego and M.D. Borghi. 2009. Effect of temperature and nitrogen concentration
on the growth and lipid content of Nannochloropsis oculata and Chlorella vulgaris for biodiesel production. Chem.
Eng. Process: Process Intensification.48: 1146-1151.

Grant, M.A.A,, E. Kazamia, P. Cicuta and A.G. Smith. 2014. Direct exchange of vitamin B12 is demonstrated by modeling the
growth dymanics of algal-bacterial cocultures. The ISME J. 8: 1418-1427.

Hana, L., H. P. Hu, L. Jiang, G. Ma, S. Zhang and F. Han. 2015. Integrated campus sewage treatment and biomass
production by Scenedesmus quadricauda SDEC-13. Bioresour. Technol. 175: 262-268.

Ho, S.H., C.Y. Chen and J.S. Chang. 2012. Effect of light intensity and nitrogen starvation on CO2 fixation and lipid/
carbohydrate production of an indigenous microalga Scenedesmus obliquus CNW-N. Bioresour. Technol.
113: 244-252.

Ho, S.H., C.Y. Chen, K.L. Yeh, W.M. Chen, C.Y. Lin and J.S. Chang. 2010. Characteriazation of photosynthetic carbon
dioxide fixation ability of indigenous Scenedesmus obliquus isolates. Biochem. Eng. J. 53: 57-62.

Ji, F., R. Hao, Y. Liu, G. Li, Y. Zhou and R. Dong. 2013. Isolation of a novel microalgae strain Desmodesmus sp. and
optimization of environmental factors for its biomass production. Bioresour. Technol. 148: 249-254.

Liu, Z., G. wang and B. Zhou. 2008. Effect of iron on growth and lipid accumulation in Chlorella vulgaris. Bioresour. Technol.
99: 4717-4722.

Mulbry, W., K. Shannon, P. Carolina and K.W. Elizabeth. 2008. Treatment of dairy manure effluent using freshwater algae:
Algal productivity and recovery of manure nutrients using pilot-scale algal turf scrubbers. Bioresour. Technol. 99:
8137-8142.

Ruangsobmoon, S. 2012. Effect of light, nutrient, cultivation time and salinity on lipid production of newly isolated dtrain of

the green microalga, Botryococcus braunii KMITL 2. Bioresour. Technol. 109: 261-265.



30 AN TNEATNIZAANNAN

Ruangsomboon, S., M. Ganmanee and S. Choochote. 2013. Effects of different nitrogen, phosphorus, and iron concentrations
and salinity on lipid production in newly isolated strain of the tropical green microalga, Scenedesmus dimorphus KMITL.
J. Applied Phycol. 25: 867-874.

Song, X., X. Zhang, C. Kuang, L. Zhu and N. Guo. 2007. Optimization of fermentation parameters for the biomass and DHA
production of Schizochytrium limacinum OUCB88 using response surface methodology. Process Biochem. 42:
1391-1397.

Takagi, M., Karseno and T. Yoshida. 2006. Effect of salt concentration on intracellular accumulation of lipids and
triacylglyceride in marine microalgae Dunaliella cells. J. Biosci. Bioeng.101: 223-226.

Vonshak, A. and Maske, H. 1982. Algae: growth techniques and biomass production, in: Coombs, J. and Hall, D.O., (Eds.),
Techniques in Bioproductivity and Photosynthesis. Pergamon Press, Oxford, pp. 66-77.

Widjaja, A., C.C. Chien and Y.H. Ju. 2009. Study of increasing lipid production from fresh water microalgae Chlorella
vulgaris. J. Taiwan Inst. Chem. Eng. 40: 13-20.

Xie, T., Y. Sun, K. Du, B. Liang, R. Cheng and Y. Zhang. 2012. Optimization of heterotrophic cultivation of Chlorella sp.
for oil production. Bioresour. Technol. 118: 235-242.



