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Optimization Model for Cultivation of Green Alga, Desmodesmus quadricauda as

Feedstock for Biodiesel Production
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N5l ATIRAN RSN AN N RN RO RENEN VLR T Desmodesmus
quadricauda dwiuldduwnasnanlulesaa Tntdnnsesiladuiiiianinaredonng uavnanARtNTTeq

e 7 1ladg Wmﬂﬁ%wuﬂmwmmmuﬂmmm‘mmmm ﬁmmmmmmﬂumwmﬂ A9 KNO,, KH,PO,
Fe NaCl, light intensity Lag CO Tmmmqvwmmmm@mﬂw L@mmum unao’r/cauda L‘w'rnmm
mmu‘ﬂmﬂ%mimm@m central compOSIte design ‘1/1 6 tlaag 1mmuﬂﬂ?WWuﬁﬂuﬂuu prail Y (lipid) = 0.0038 +
(0.0066 KNOB) (0.0028 KH2P04) - (0.0130 Fe) + (0.0002 NaCl) — (0.0020 COz) - (0.0029 KNOS*KNOS)
+(0.0007 KH PO4*KH PO )+(O.307O Fe*Fe)+ (0.0001 CO {00 )+(0.0006 KNO *KH PO )+ (0.0133KNO *Fe)

+ (0.0001 KNO *Ilght intensity) + (0.0005 KNO *CO ) (0.0005 KH PO *Fe) (O 00001 KH PO *NaCI)
(0.0001 Fe* CO,) naungtlasenIsNng L@mwmm”aummm@ LL@”m@m@mumu Tmﬂhmmuvmumm
m@‘umum (response surface method) Ae TN 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 WE/m “/s waz CO, Finnnudud 6. 09 % m%ummmmma 1.34 g/L

fRsN1THARTINIAT 0.06 g/L/d HANAMINGTL 1,02 g/L LAy TEmsN AR 0.13 g/L/d

ARATY | Desmodesmus quadricauda luTeRima wuLA1ee N NADNAANART W1

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; KNO3, KHZPOA, Fe, NaCl, light intensity and CO2 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 KHQPO4) —(0.0130 Fe) + (0.0002 NaCl) — (0.0020
COZ)— (0.0029 KNOS*KNOS) + (0.0007 KH2P04*KH2POA) +(0.3070 Fe*Fe) + (0.0001 COZ*COZ) + (0.0006
KNOS*KHZPO4) + (0.0133 KNOS*Fe) + (0.0001 KNO3*|ight intensity) + (0.0005 KNO3*COZ) + (0.0005
KHZPO:Fe) — (0.00001 KHZPO;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

1 o a I a = a 5 = o = %
wangmaanenmaninslszas medrmatulagnsnandnduaztsras anzmalulagniainems an1fumalulagnszasuing
W1AMNITAIANITL NTIMN 10520



20 AN TNEATNIZAANNAN

AN

ﬂ@ﬁgﬁmmdwﬁqmumqLﬁﬂﬂumﬂﬂi:mmiﬁumﬁmu%‘immwwu‘%@L‘waﬁqmw (biofuel)
Fanudnavigldsuauayla e gremnn s U En T AT N W E T Lﬁmmmﬁm
FHulnsadandnfiaun Thuuamdsnuiiihifinsdednaden manedinisianfueulneen sl dsyming
nswBrynla avsreanunsariui demaden wigiciuleleniuen lledlisu uazluledims Sedemas
ﬂizmwﬁazgmﬁm%ﬂ IWRIRT] mmﬁﬂmmzﬁmmimn%m esanifudemaaman idnnsidnnlulsany
AAAINNITUUAZAITANUIAN amsnarunaEniintu 20-80 % sesiuiinuis warliinuldannds
58,700-136,900 Ansialaaunsaet] Astiannuiulligfazinunfuuwasndaluledima (Chisti, 2007)

inustindnyTiasinlsstiha e idumasdemadlidn saludondadie Fasianaiug
audefimanzan Iuandnuaadanin LL@xﬁflﬁuzg‘q LLm:miLW’]:Lgmfﬁmﬁﬁunwﬁlﬁ ThgannnisAn A
20NN AT IUINGN Desmodesmus. quadricauda Huansngiasoyiulalfoaga T
Lﬁﬁeﬁizmmm?manﬁuimmﬁ 71 24-28 Fu ﬂﬁ*‘uﬁqr;i@miLﬂ?ﬁlﬂuLLﬂmmqummmﬁﬁ uas Han et al. (2015)
Meuiniinanandouaags (1 g/l DW) dlilsfiu 31-36 % uddsiiiduegluBunmilagenn 27-31%
leTleuiuan e tia Botryococcus. braunii (Ruangsomboon, 2012) Faunnsfiazinlianudne
mﬁmﬁmmsmLﬂumemﬁmiu‘iﬂﬁm@"l,muﬁawmimﬁ ﬁ@ﬁmmﬁmmqﬁmﬁulﬁmuéwﬁma%mw
Lmvumummm "Nmﬂ’l'] FansnResendenanetiadeuns At su e amnzan

rnnssuassamie Sl Binngnsemnsuazannzlunisidesaving (Malbry et al, 2008)
i lulnsian (Converti et al., 2009; Widjaja et al., 2009) Weanesa (Ruangsomboon et al., 2013) lag
ulnsiauuaznaaneiadaslfammesoinlnldisa funandndanasuesgmsg LATINIATIABINIT
?”Tmm‘ﬁﬁmwudﬂmm‘%mLﬁuimv@mmt,wiﬂ?mmﬁ’]ﬁwummmﬁm i fomsumansiumumlunnsdos
qu‘]ﬁmmmmmmmmmﬂwﬂwm@mqmmwmmnw (Liu et al., 2008) daqupnudiundsdanlunng
’Z\NLﬂi’u‘wﬂ’]ﬂLL@QV]']IMZQ’]MT’]EQJH’]?L’WEULl?l‘LIIﬁlLL@y’a’]W]i@ AANNTY BeamssuRazataiiaanuFeanis
9% muu,mmmm mumqnu (Amaro et al., 2012) AYALANa T aIMINETinA LA A LA
LAZENN TR ANTN SN Lmeqmq‘wmwmmmmmummﬁmvmummimLmu‘immmmwwim
(Takagi et al., 2006) Arsuailasanloddaelunsdunmzidaeisszduaiaulnean miiimunzausii
Iamseasoy Lﬁuimié’ﬁﬁmmmmuqﬁu (Ho et al., 2010) hazamRuldqudaalunisin luinsaudnmas
Iunnauuazgas N savasin Tl uma gunnTu (Grant et al., 2014) Taailadesi1e] AULAIAINA
Feruuaziu lugmesiindofuadin sy Eulnuesih Bunme s fuienseisn 1§5uansenns
2N

ﬁ@wmmm@@umﬂ Tunnsmziaes @QHN@‘VIﬁ‘W@Wﬂﬂ’]ﬁ‘L@?ﬂJLMUIMLL’Z\]vﬂ’]iN@mu’WNu‘lJ@\‘i@’M?’m
rmwmmﬂﬂmfamwmmmLLqmau‘Luammm’mmmﬂmmvﬁ%mwhLf;mmummmﬂmwmLL@”
I enstaalnesyanauminty mimuumwmm?wwmgmmumqmmLmﬂmumimqﬂmmmmmm@
MANMUMNIZANTRIAN1IEAN97 Naneladasaniu Tne/lfuafiualugn 1059 uazaransaaanmsaliacGn
Tuewpnld Bnnedalszudnnauazanildang Tnagtuunnsssifuladefionzaniiléie nseanuuy
NARBILLILLNAN TR (factorial design) asannifhusnnmaansdnsananatesiadesn famngiunsn
NIUNATeItIa’devan (main effects) waranuiuaasilaas (interaction effects) LALLM AT
Hamauaues (response surface method, RSM) Tunismsaagauaudniuiaesioulssie naheainism
faznuanalumsdseauieiimnzan (optimization) Lﬁfaﬁmimwmﬂﬂqﬁw%ﬂm N1 LAaTAINI9ID
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AAINTRANNIINANAL (regression analysis) Wl lunnsmanisnlly ﬁﬁlq‘imﬂﬁqiﬂgﬂLLuum@qﬁuEQMQMQu@q
azudugnndnsIaNsAn e avilade (one factor at a time) (Cheng et al., 2013)

fafumsineaiiteiisaguszasfiieaueuazuansiadefifianinasedaunauazaanantingi
lunsmnziaesivnldiamine D. quadricauda Suandntiniiugs lentadiulsiiadtsing ) $9NAU wAIUNE
fadelne Fannissnaamadinatans efluuuamenismnziasaazingmieg s Tomilugu
NAMUNAUNU TrearIngmleynIdIuNITIIALARUNAI BN e W AR 9MAAANNIREN NG T
ansnslszmAldEnmn i

aUnsaluasAgnis

1. MTLATANAINGE

WLLREg Mg D, quadricauda AfauEnaInUelaelan eransFeusanAnnesnw anniiy
walulaginszasundndnmmnnsaiansziia luenunsgms Chiorella medium (Vonshak and Maske,1982)
ludamnzianelaanite anadauaed 48 pEm?s e 24 h AUUNA 25£0.5°C eldanuineiduiade
TunnsfnEndusialy
2. MaAnERaTasiiadEINzaNAaT N A RAT SN UL B T

NMN19ARNIRY (screening) e AN ENAT LA BT INIALAZENITY TAHAG LN TN AADILLIL
two-level factorial design lagl 7 ffadt (factors) Aa lulnsiaw, deavesa, wan, anfueulaeanlds,
mmlﬁ?mm, ANNNLAN LATARIRUT 12 (B cyanocobalamm) ANIEAZLRA b Table 1 (Ho et al., 2012
Ruangsomboon, 2012, 2013). @@ﬂLLuumﬁnmmimalﬁﬂmmumm%ﬂ mm|tab17Tmﬂmmwmmmwm
64 JAVIANEY TANARDNAZ 4 51 ww"L@mmmﬁﬂummmmmmwmmﬁmwm@mmﬂ’mumLLUU‘}J@@@
e uaaadng 12:12 h 1981 28 d Vli“’ﬁ‘]J'ﬂfLL‘MﬂN 25+0.5 °C 1ATIM94 (dry weight) LazTnsTy (Bligh and
Dyer, 1959) ¥)n 3 U qLm%wu@mmfm‘mﬂm@ummam Tnennisdansasiiadeigoenisannen significant
AN p< 0.1 fisAiANEes 90 % udatintTadafiien significant AEUAnE sz ARz AN Fos
Qﬁwummmﬁum (response surface method) A28N1INARENLLIL 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 KNO3 (/L) 0.1 2

2 B KH2PO4 (/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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1. fladafifananasadonaauazuanAniniurasd s D. quadricauda

N3 1 ELKNKNNINARB9T8 two-level factorial design aAniAanTadavant 7 fladt (Table 1) WWivae
ieatladeifinaseeiliod Aysiedasnauaznsndmiriiuaesamsnesnadn D.quadricauda aanms
3Lmﬁ”ﬁ%qm@LL@”ﬁﬂﬁummmuéwﬁémmmﬁnm@q wudﬂﬁwﬁﬂﬁﬁ%w%waﬁi@%qm@@mqﬁﬁﬂa‘hﬁm
NNADA A9 light intensity 79904NNAD Fe, KNO FoNY cyanocobalamm KH PO KNO NaCl, CO WAy
KH,PO, $auffu NaCl msanéfu (Figure 1A) muﬂmwmm@mwamm@mmmuuﬂmmuﬂmmmmmm
An hght intensity 89a981Aa NaCl, KH,PO,, KNO_ 323ful Fe, KNO, uaz CO, maansiul (Figure 18)

Pareto Chart of the Standarmdized Effects . Pareto Chart of the Standardized Effects
[responsz is biomass dzy 28,2 = 0.0) AN\ (spaonsz is fiid day 28, 2 = 0.0} B
Tam | \remn i |
; Factor - Name : Factor - Name
- 3
- A=KNO, i A=KNO,
& I} &
o B=KHPO, | ' B = KH,PO,
[ [
L] C=Fe | am C=Fe
£ 3
P D = NaCl [ e D = NaCl
a L3
= E = Light = E = Light
E B
& = { L] - |
I F 812 [ [ @ F BWZ

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

nIAiAzitiade fiavsnaredanoatesd e WU KNO,; KH,PO,, Fe, NaCl, light intensity,
cyanocobalamm uaz CO, ansnasedanlaludeuan ﬂ@memﬂ?mmmmﬂ%ﬂmN@mmmm%‘wmu
LL@“’LNﬂWMimwmL@ummﬂmmmmﬂWWmﬁ light intensity N@V}ﬁW@ﬁlﬂmmamnwm IPENANTUNAN
srAUAINTUaaINTIN mmmwmummumamﬁ@wmﬂmqmwﬁwam (Figure 2A)

ﬁ%wmmwamNammmuuhm\imﬂ AR KNO KH,PO,, Fe, NaCI light |nten3|ty waz CO, °ﬁ<1
‘vmﬁﬂmmfmLN@meﬂ?ﬁmmmmﬁ%ﬁmx‘mmrsN@Nﬂmu’mu%\‘immwml,wmu zﬁfmﬁ%ﬂwmmwaium\i
AU Af cyanocobalamin Lufameﬁmmmmﬁ%ﬂNm\l@mu’mu%mm LAY Lu'aw'aﬂimwmmummmumm
NIINNLAN KNO,, KH PO, NaCl, lightintensity uLaz CO, mwﬁwamﬂm@mm@mmuuTmf;lwma‘mﬁmm“’mu
mwmummnmﬂmmmwmum umﬂmﬁ@wmnmw@wﬁwamrﬂ@m@m@mmuummmwwmummi
NANDY ﬂ’ﬂ')lm 28 ﬂﬂﬂﬂ’]?LWﬁyL@ﬂ\mﬁﬁﬁ"]ﬂ (Figure 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

sl KNO, | KH,PO,

o= |

Low level- ngh level

Figure 2 Factors effect on biomass (A) and lipid production (B) of D.quadricauda at 28 days of cultivation
(KNO3—g/L, KHZPO4—g/L, Fe -g/L, NaCl-mM, light intensity-uE/m™/s, cyanocobalamin-mg/L uas COZ-%).

2. Ananadanseudreiladasadantauasnananiniueass s D, quadricauda

NSANEBNINATINIEUINaTTade Wudﬁﬂ@fé“ﬂﬁzﬁ'waﬁi@%qmmﬂwﬁﬁmﬁﬁﬁmmmﬁﬁﬁ@ KNO_*
cyanocobalamln KNO *CO AL KH PO *NaCl (Figure 3) Ingl cyanocobalamm MUV]U’WWI’flumwmﬂmm
Gnu"LuT,m?L@wﬁqwmwmﬂumma‘mﬁ\ammmmwmi@(amm”mm T4 Fanan mmﬂmmmmmuim
i dots Co, doufinnsdaiaszsiias lulnsiauann KNO, g9 lunn3seadng fRaTIaRE AN
mﬂqummimmuimmmum mu‘l}mmmuLL@”ﬂ@@”l,immﬂunwmmummL'au"LEnmwrmmeuW'amW@m
Tunnsananaanaseuluigasanvsig mvm’l‘wmmwuwmqmiummmLﬁn@@LL@ wsmmuimwmu
LL@JQ‘WﬁWmqmvmwﬁmwmmm@m@mmmuu@ﬂNuummmmmnmm KNO_*Fe uaz KNO,
*cyanocobalamin (Figure 4) ImﬂLmnumumﬂummwmwﬂ@@‘lﬁiw'@@ o 1N memﬂuu’ﬂu‘lmmu
dneradldunnay WenananmanaunTy asdenalinanaminginn i
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Interaction Plot for biomass day 28

Fitted Means
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o7 Ll -m oz
g 0¥ —
.
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& 4 .~ SN N~ =
. KNO,* CO, = KH,PO,*CO Fe* CO, : NaCl* Light*CO, B,,"CO, L N co, |
007 w- T [ | | | - s
006 | | |
A I I BN~ TR Y P T o R ——
01 0 01 10 00 01 (/] 00 220633 - 68 W67 0.00000 000002
KNO, KH,PO, Fe NaCl Light Cyan oo balam
Factors

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

Interaction Plot for lipid day 28

Fitted Means
KNO," KH,PO, iy
0.03- - - 2ot
a.azl ::_‘__,-" - =
0.0 N ¥y .
KNOFg | KHPOSFe | i roff
0.03 A oz
-~ i -
0.2 .',—4 - —
0.0 & &
& KNO,"NaCl | KH,RO,"NaCl Fe* NaCl | Nacl
g om — . -~ - o
g - | - | |-=
3 o ./,a ]
0.0 . :
E KNQ.* Light  KH,PO, Light ! Fe* Light . NaCl* Light Light
3 om|{ _~ | e——
P | | | - mze
0.0 _ . T « "
KNO," B,, | KHPOB, Fe'B,, NaCl* B,, Light'B,, 5.
003 — ‘amom
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s
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003 — - -
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Figure 4 Interaction of tested factors on lipid production of D. quadricauda at 28 days of cultivation
( KNOsfg/L, KH2PO4fg/L, Fe —g/L, NaCl-mM, light intensity-uE/m™/s, cyanocobalamin-mg/L LAy
COZ—%).
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3. AufiRdPaUAURIIBIaNENATINTzU NS E AR TN A LA NANANUNT LB IE WSS D. quadricauda
miﬁﬂmmizﬁuﬁ'Luuqvmuﬁqmﬁﬁﬁuﬁqmuaum?ﬁ'\m@nmmﬁmﬁuﬁ%mdwﬂﬁﬂiﬁ IAUANITD
Ufanﬁhﬁmammﬁmmmu IﬂﬂW'ﬂ’]i‘m’Wﬂﬂﬂ’]WWl&WJGl'ﬂ‘].l@u’m (Figure 5-6) LL@Jmeum:rmmﬂma
P99 IHIALAZHANA ALY m@maﬂivmmmuﬂimwmmmummmnfammwumm aNNNIMAadLile
Fansestladu B NI NARONANANTINIG UATHANARTNT 198 wudriTadefiiavanasonauaniane
An KNO KH PO Fe, NaCl, light intensity, cyanocobalamin Wag CO meﬂmﬁfﬂwmﬂmfamfﬂ@mmu
NITNA[BILLLIL central comp03|te de5|gn uuw 6 fladeineldlilsunsy de3|gn expert ver.7.0 LL@"u’]ﬂ’Wﬂm
ANMIMAREINALATTievN N en1siune TnelETUsunsunneadia minitab 17 1Eaunnssel
ANNITNUNLTINIAAD Y (biomass) = 0.09896 + (0.00333 KNOS) +(0.00939 KH2PO4) +(0.0540
Fe) + (0.000187 NaCl) — (0.000155 light intensity) — (0.00314 COZ) - (0.00136 KNOg*KNOS) - (0.00164
KH2POA*KH2POA) - (0.756 Fe*Fe) — (0.000001 NaCl*NaCl) + (0.000002 light intensity*light intensity) +
(0.000353 COZ*CO2) +(0.001502 KNO3*KH2POA) +(0.0346 KNOS*Fe) —(0.000013 KNOS*NaCI) —(0.000027
KNO;Iight intensity) + (0.000759 KNOB*CO2) +(0.0009 KHZPO4*Fe) —(0.000075 KH2POA*NaC|) —(0.000001
KH2POA*Iight intensity) — (0.000027 KHZPO;COz) — (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 )
mﬂmmma‘wmﬂmLLﬂifam”Mmammu KNO,, KH,PO,, Fe uaz NaCl ilug ummuﬂ@"m‘wmﬂu
AN mmmwaiﬂimwmnmmm‘u@um (Y blomass) enwmﬂm EutlsAassARaEL Andaana
e mumLLﬂJiﬂmvmumﬁ’mﬂimwmﬂum@u 11 light intensity | Lﬂumu NHIEAININTENENA L1
yneaUAaANTIMae TReE faL T Rds AN aRe AN TasnaesTiA A uTiiles Taenns i KNO _, KH PO,
ua Fe muﬂamwmﬂummnLummﬂLﬂul,mmmfa\ﬂu‘ﬁmmu Naanesia way maﬂmmLﬂummimmmuim
SN RV e CHIZEN mﬂwmﬁmmm@mm?mmummN@‘lum\mfm 49U NaCl udazaana liiinma LA
wianmameaesiildluBamilligasinlmdunnilnfon fueaelsdldtuaiusig 3edaelunis
NITAUNTTIATEYLALTR @A light intensity fAmiuatignsingnieriailsetmudiuuaslusyfusi
TP T TP KA T . AP AEPY TR TR BN Y mlannsRLTnanas
mmmiv‘i’mmmmamﬁﬂﬁuﬁ@ Y (lipid) = 0.00385 + (0.006613 KNOS) +(0.002816 KHZPO4) —(0.0130
Fe) + (0.000161 NaCl) - (0.000014 light intensity) — (0.002080 COQ) —(0.002895 KNOS*KNOS) +(0.000725
KHZPO4*KH2F’OA) + (0.307 Fe*Fe) + (0.000000 NaCl*NaCl) + (0.000001 light intensity*light intensity) +
(0.000117 COZ*COZ) +(0.000627 KNOa*KH2PO4> +(0.01329 KNOB*Fe) —(0.000000 KNO3*NaCI) +(0.000123
KNOS*IightintenSity) +(0.000471 KNO;COz) +(0.00051 KHZPO4*Fe)—(O.OOOO11 KHZPOA*NaCI)—(O.OOOOOO
KHZPOA*Iight intensity) + (0.000002 KH2PO4*COZ) — (0.000006 Fe*NaCl) — (0.000003 Fe*light intensity) —
(0.00012 Fe*CO ) (0.000000 NaCI*Iight intensity) + (0.000000 NaCI*CO ) (0.000000 light inteﬂsity*CO2)
mﬂmmwmmﬂmm@mmuuwummLLﬂmmymu KNO,, KH PO, uaz NaCl g umzﬁ“uﬂ?mm’é
Lﬂummﬂ mmmwaiﬂumqmnmmrﬂfaumm (Y lipid) mumam mmuﬂifamwmmuumL‘wmu AN
NANAATNT AT T AN dousausassitiAndus=AviaLTuAnay 1 Fe, light intensity uaz CO, Lflumu
Mmmmmwﬂmwahmmumm@tmmmuuuum@mmLLﬂmmymmuummm m@m@muwumummu
Futhues aannnsii KNO_, KH PO, uaz NaCl mmﬁwaslumqmmﬁmmmmmmuu vhuumeeiagnatiades
mmmiwmmmmmmm mwﬂummmumummuma dauAn Fe uaz CO, mmmwmmmummmm
vinsfuilesann udia Fe uaz CoO, AzaaanseuliNTNIag Lme”memvaumuuluﬂ?mmm iegann
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Faslindanulunsutiuaaduansiunisazaunn iy lamsmannnditngiu muIightintensityﬁudqmiﬁmm'ﬁm
Fonnamas A IHaREm N AIE e

mmwmmmmmmﬁfmﬂ?ﬁﬁﬂm Imﬂﬁﬁ@mmﬂﬁuﬁﬁqmmum (Figure 5-6) 8NANMIANN
ﬁuwuﬁivmwﬁ@wLW@mmwmmmﬂuumvﬁ%wmz«iq m@‘lmu‘mm@mmm mnm@mamuwﬁ?mmmm
ﬁ%wmmvmummm@mmm@ LL@”N@N@MH’]QJ‘L& Tmmwmamwmmmmmuum Ae 133104 KNO, 1/1 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 Uag CO 1/1 6.09
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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-%).
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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 COZ—%).
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