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Abstract

During cultivation, Rhodotorula glutinis utilized C sorce and released CO..

Moreover, organic acids were synthesized and the pH of culture dropped. As a result,

the growth of yeast was inhibited. Scenedesmus obliquus utilized CO; and released O,

during photosynthesis. The cells growth of R. glutinis and S. obliquus would be raised

with light exposed. The metabolites are inhibiative to R. glutinis and S. obliquus in the

medium were removed and it was sutable to grow for yeast and algae. The

accumulations of biomass and total lipids in the coculture are suitable for biodiesel

production.

The biomass concentration of 11.1 + 0.44 g/L and the total lipids accumulation of

1.777 £ 0.278 g/L were obtained by R. glutinis in the pure culture. The biomass

concentration of 2.0 £ 0.06 g/L and the total lipids accumulation of 0.370 + 0.015 g/L

were obtained by S. obliquus in the pure culture. The biomass concentration of 14.05

+ 0.07 g/L and the total lipids accumulation of 3.594 + 0.251 g/L were obtained in the

coculture. It was shown the results of the coculture are better than the pure culture’s.

The total percentages of palmitic (C16 : 0) and oleic acids (C18 : 1) are raised to 90.99

% of the couclutre from the 84.68 % of R. glutinis and 83.14 % of S. obliquus in the

pure culture.



The cells growth and total lipids accumulation are effected by the composition of

the medium and the environment. The ratio of inoculation of yeast and algae, the

concentration of N source, the concentration of glucose, NaCl, initial pH, the baffle,

the temperature and the intensity of light were studied in flaskes. The possipility of

scale-up was studied in the 5 L fermentor and 6 L air-lift bioreactor.

The effect of the ratio was unobvious based on the experiment of the ratio of

inoculation. Based on N source experiment, the algae prefered inorganic N source

(KNO3) and the cells growth were raised with concentration of KNOjz increasing.

Ferthermore, the yeast prefered organic N source (Yeast extract, YE). Compared with

algae, the cells growth of yeast was progressed better. The higher biomass and total

lipids accumulation were obtained from yeast. Under N-limited, the total lipids

accumulation is promoted with glucose concentration increased. The biomass of 15.1

+ 1.04 g/L, the total lipids accumulation of 5.952 + 0.392 g/L and the total lipid

content of 39.34 + 1.05 % are obtained at 50 g/L glucose. The total lipids

accumulation and the yield of lutein were advanced with NaCl adding.

The total lipids accumulation was increased 13.4 %. The yield of /3 -carotene was

increased 435 ~ 490 % with the addition of 0.5 g/L NaCl delayed.

The growth of algae was inhibited at high pH based on the pH experiment. The

growth of yeast was advanced when the aeration was increased. However, owing to
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the high concentration of yeast cells the light may have hardly penetrated and its

intensity attenuated drastically. As a result, the photosynthesis of algae was inhibited.

The temperature 24 °C is sutible for the coculture of yeast and algae. The cells

growth was stressed under an unsuitable cultivation. The biomass was decreased and

the total lipids accumulation was increased about 33~37 %. Based on the light

experiment, R. glutinis was promoted when S. obliquus photosynthesized and released

O, with the light. The growth of S. obliquus and R. glutinis were advanced except for

the lipids accumulation with the light intensity raised. The higher growth rate of R.

glutinis resulted in the shading effect to S. obliquus. Based on 5 L fermentor

experiment, the effect of the coculture was advanced with 2 % CO, added. Based on

the 6 L air-lift bioreactor experiment, the biomass of 7.1 g/L was obtained at a

coculture with 1.25 g/L KNO3 and 2 g/L YE added. However, the biomass of 6.1 g/L

was obtained at a coculture with 0.5 g/L KNO3 added and without YE. It was shown

that the shading effect is earthshaking compared to the nutrient in the medium.

Keywords : Rhodotorula glutinis, Scenedesmus obliquus, lipids
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)
S
A
(g4
| .;
s
NN

=1

0% EreETIoE R FA06°C By~ 5T
RE2om Ko MG R AR JI B A MG AR F A AR
CEY T RPFAL S B P E (Biomass) 1T G &~ Bl s bl g o
R o PR EF T TS SinG ’#rﬁfnb;s-f'f%'ifi BAwffs laiadm
PrEE BT OUE TG TAMENCO 0 S HMFL 2 F A E 5 v 25 ¥ CO,p e 3
2 BT e § CRURER A4 2 F ) EL(R, 2009 ;5 4, 2010) o

BT P T ACKAIE ) Tk B ROk g B R BT B R



S A TRE o hok A EY A B R R o FARET T R 4

o UTHREAE AL o

1) %

i

HONHEREL G R E R R sk R G B 4 L ahE & R

4y

o
S
N
3

AP E T ENAR R EITY BRIk A R T Al o RAFEFTERE TR
PEY 3 AL % 2ekfe 2t £ (380-750 nm)> ¥ i e e T ¢ R sk sk £ (400-750 nm)
MEFRE TR o LR Rk fL2 5k £ TR % 5 22 S (Photosynthetically
active radiation » PAR) » i ¥ 5k e(a) 5k 33 & £ (b) 6 3 jfr % i& 7 4 52 (Masojidek et al.,
2004) -
(@) kR

Pk & IF% g F ks R BRT %’gv} k& RE R AE
(Photosynthesis-Light response curve) {8 4 » H ¥ & 5 k4| % ~ L 4rfoF £2 k11
#1% = B %5 4B 2-2 #r5F (Masojidek et al., 2004) -

1245 Sandnes et al. (2005) =15k 3 & e~ £ F 2 77 ¢ BT 0 BB R
# 7 & 30- -80 pmol m? st pF > i ehd K € MEE AR R R G A B AUIER] 4

(Sandnes, 2005) > ¢ 5 % *T4] % (Light limitation) - % 5% BiFFH 4 1 % - 2R
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o RS R R TE I EAR G B 5 KR4 o (Light saturation) - % £
K bpfoF (51 A UTH e k38 B > B gk i € BUK Sk F @ e PS 11 (Photosystem

1) » @ fefiens? E i & @ 4a7 %% » ) 3 k34| % (Light inhibition) -

Light limitation Light saturation Light inhibition
Pma\' ———————————————————— B i
= I \
b | \
= | |
- | \
=
> | |
= | |
g | \
4 | \
1= | \
_—
& | \
ol
| \
lc IS II]

Bl 2-2 k& v sk B2 B % Bl(Masojidek et al., 2004)

ERAER A L ALY RAUTI W PR S AL 5 6 J2 (Light-path) o 12995 2 ok

B o Kli'g /ﬁ"?ﬁ/&& B R mi‘g ‘v & #Fj &F&é %% /)é\‘ (SUh et aI 2001) ”g,‘ £

=

£ hsmkind B RAMEE R 2T ERR  EF TP RS R 2T R

&34«

P A EEFRAPFE e FREAL Y > RFRSTEIAEFTER

(Mutual shading) » & {7k SREE T 15 %% > © At RETFIING FiR 0 F]M R A

~

AT A A BEREERY IEOE S f?—m"ﬁ&’“‘ TR gV iR{TR LT

oA RRAZIENRERE LB F L RBERES TG R A > Fp

¥

7 % & 8% & 4 (Richmond, 2004 ; 7%, 2011 ; iz, 2012) -



TR A ERFHFALE AR o0 ARFREEARAT > BT EF DAL &
FASEREERT O RHLF RGN RR Y 2T oA P RITE E:iﬁ:vfﬁ;;% B i kT
(Optimallight-path) (Goksan, 2003) -
(2) = §F “RER

Mg 7 £ 5940~50 % 0 w4 sl Tk o F&815~200 7

s § O p TR R K E R BB Y i A B I B0

~m)

k¥ chg R 40COp ~ HCO3 ~ HCOg S i 17 4 & o ip it @ R il * §
FlEEREIEE S G AR o Gdedd R 1% HCO; 17 5 AR » @ COR A
M b by BT PR B kR HEREELT  BE LAY BIRPE

g R e @2 F ¢ 5003 %C0(VV) 0 T R B RART 0 T sk
B F gl »CO g § b LR i L X eEk R (1, 2009) -

) BAR

BROF EFL PP i L RS A B EOL LB

43

cmdnm T R RER G SHEL S (v Gk o D 5 Ak fen e s B R

I 9 -

B R P2 % B (Qiang Huetal., 2008)) » # % #icenisp w2 L X B IR GIEBE o @

MR MURRE R TR AP N 0 A A for At b € B2 U gk e
ey 5 44 (Susan M. Renaud et al., 2002; Qiang Hu et al., 2008) » #if % 32 % 8 &

PR RN £

(4) 2R
RBARLY BRAF NERBR AR RS R Bl E £ 0 & J s

H(PSI) it 7 » F R T n2 £ & R TIFed] o §7 b ehifsga 3 > BAT
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ERFAB gz R BB EL o 2 L]?HF] J o KL F B R 0 4r > Scenedesmus
obliquus:/3é #5 & # £ 7+ 3 4 (Mohammed, 1992) - % % & k& % 34 mM£ 85 mM
p > Botryococcus braunii =tz ## fi% (Palmitic acid) 7 £ #{ 4c 7 1.7-2.25% > jé & (Oleic

acid)z B4 $2% > g+ g 2 7 €777 23 13 4 (Raoetal., 2007) -

SRR E B £ L RpHE SR 0 A 4§ BGRATT 1wt d pH

B MpHIE » Gl 45 b kse? > CONER BpHER 5 ¥ 4f secnbd %o

3ERACOT IR AL PR AAESF > i FCOER § B3 % AcpHiE

LR RRY TR IR 6 FREPE S F R BN DA bk
Feenmh i ? > COM A F P58l s @ fih® MR Taglipr > P E U pipe &
13(HCOg) % A 43(CO5™) 93] fi 75 f o 40T #7157 : COp + H0 — H' + HCO5 — 2
H'+COs™ - § pHiE § MpF > X 5% § § A.COxn™ 32 (7 i pHE % P> f§ /LCO5”
S 5 i 0 @ ok 2 9] COs”(Philips, 1997) 5 4 §]2-3

BP gk @ 2 F CRGOA G o 6 BB R i B

O iy #s4f» X P AL & §

AT - @ SR APl BRI R AR AP 0 & RCO Rk

=t
=3
beic
=
3t
|
bl
H
@

S5~ 4 s (GE &z, 2001) o

10



100

s 80 -
=

e | Free CO, HCO3 CO3
B 40| —®dERt / EMEIR RBIR

Bl 20} -]

| 2 | | 831 1 1
4 5 6 7 8 9 10 1N 12 13
B {E

Bl 2-3 B fREAsE B8 Ak B M TR BI(3E, 2011)

6) % A&

FORANE S EHwe R T oRAR R ER A eI LR L
PR IACE A F OHFFAAGAF A RERDIR R A FE T
b g FA Ao HikEMRIEEH110% o

FORUUFIEE T % & FMP HE & % (Chlorophylls) 7 & % > #5+ &
§ % (Carotenoids) 7 B 1+ 1 » ik & fwie i 4 crec o T RGE G B SR A
4v % pE(Polysaccarides)fr4% %_sd 3 (PUFAS)(Becker, 1994 ; Richmond, 2008) -

Mandal, 2009 #= 7 * % -+ - Scenedesmus obliquus % F & *T4] % i+

(N-deficiency) ™ 35 % » H b #5 % #

\F‘b

Pirdleas127%t 2 3 43% - @ Miao,
2004 % Chlorella protothecoides 3% % 7 § tplF cnB % oW Pa e R H £ p 354l

115%+ = 1 55 % (Mandal, 2009) -
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213, HEr i N
FRRAEG IR REFEET > BHOAE AT LI A (DR TR

el

CQQE¥REE S QRYRE -

(1) & p ¥ 32 % ( Photoautotrophy)
Flr (- F PRGA)ITERAEFEE T 5 d A0

FECRp R R r AR BT AT R T

kb X Y
BA L

Tk A

Bz g iy v

FAL TP R AR E IR k]

(2) 2 ¥ 3% % (Heterotrophy)

Bedpw AU 5 WA F

L) S e

ABBREREAT XL
57 41

<5

g E A AR fﬁ"oklﬂ* FIag- B Y

EX]

AERRH/EL R AT
LGSR N AT A} BB S ke

(3) & ¥ 3 % (Mixotrophy)
Y RASNGRpHERYRL 2 L o TREVIRY BRI

?
1@f17’c¢ (R ) LLEE?JoﬁEPE’E‘f\/}ET f;

-

Y

K> “}»hﬁ’ it T 4 F’{%jﬁ"ﬂ?fwlifi’rﬁ ,%’ﬁ%fi’\l ”‘v:“};ﬁ%’u%li’fﬁ’li
E o

2.1.4. 4 7 (Scenedesmus)
Wi — fEd b T AR S Fenicd $o0 5 510 um gl e s o

Aipimrele s o fleleh 7 AT E R F O Aodd R BUK

¥d 28
Fo 8

‘+‘ﬁ

SRR TR T E RS P SR .2 SN R

e % 50-56 %ed-0 B~ 10-17 %mk -k it & 4 27 12-14 % BT

® S. obliquus &%
(Becker, 2007) » @ §z % fs chifcds d ST S BeRiE > 8 et bR T ¥
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B ARHE S o FRRNS S e BB il 3 A Rl iR

e o d MRS L £ RE R e BT NS K RSE -

7

WG RES R hES T IFL L AL TR R AR e AR

& IE o Rl e LRV B € X TR (Kim, 2007) -

g Rl eniE 2T > S, oobliquused Fa R A G dT ] e l2.7 %4 3
43 % o ket E E A AR N AL mﬂ]‘ e T o Pz ET ONEE 230 %
(Mandal, 2009) - Mohammed and Shafea, 1992 #; ! ";iir?NaCIﬁﬂ;‘;’F R e s

BhF ORGP RSH > T g B RS SR

22. BR A

Pt ArEwehl a2y BEFAF - T AR FRM I N
Wit o A RAA B RA AL TR L AR 2 R RS
WIRG R YA FNT SR SN oAk LamER F S
BEE M AT N G FELE RS 0 1080 &k o J pEs
AL AR i R g &M A EE R & A F 4 8(Angerbauer et al.,
2008; Malisorn, 2008; Xue et al., 2006) » fix* F] { 4% 4 2 F 22ehiZ b et o2 — o
4 Rhodosporidium sp. ~ Rhodotorula sp. ~ Lipomyces sp.% > H @ f3 A fF £ 7 11 F
F 70 % - }gL"T#F] 41 » Crptococcus curvatus g /= "Lk 7T 5 a0 R ff e
"q 8 iE 609912+ oo

R. glutinis cnim®e 4] & 2 FIA5 &8 PR > TR F 0T 478 g s
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frac 4 > BREES 5529 -Rolutinis g g2 -+ 8§ 2 % 75 B+ &

ET

FALAZER . P S Roglutinis b g R F R T LR T2% 0 w2

FARenRR L £ FIB L

2.3. 2 % (Biofuel)

o}
-l
Y

ErLR e LEF PR OR Y E A LA AP L  RBR X TIB
FoslFRF R - ERBIEERE N PRI TR AFHEER
R B RAE REPTFE P IR R B R R DB R AR p A
o B P AP EFRPETFMA U F CRLA S FRFEST AR L
i RE &R R S (T o

4 F= ekl (Biofuel) 2 — 24 4~ ¥ ' f2(Biodegradable) ~ & & * g2 v £ 4 it
o BB G sE i ig 2Ll engd 4 (Graboski, 1998; Williams, 2010; Zhu et al., 2008) -
- S R K RE & L 2 e fR(Bioethanol) ~ 2 B ¥ 4 (Biodiesel) ~ £ B
(Bio-oil) (Demirbas, 2011 ; Demirbas, 2008; Ozkurt, 2009; Demirbas, 2010) -

IR SR EN S MRS SUES N ¥ e S N F R

BEEE S 4 R L Hhe el 2w R 60 %ese A

Fifsm kehom 4 Fe @PBfipad * » B3 REMA A Kk 10 £ 15 2 5
(Demirbas, 2009) » # F % i B de b ~ Bo e g R & * B B RURLS R A

% (Transesterification Process) %l {7 &> H @ x i 4g F b 5 2> dojd 3 459 (Rapeseed
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oil) ~ ~ & /& (Soybean oil) ~ # 1=/& (Sunflower oil) ~ % 4% # (Palm oil) & - iT#& % >
AFRGFNL VAR ERIL FEAR L TR T BN LR R
ARSI FRAAG TR, MABRT R TT oo H R gtk

P T > HRALE R e 2 Uk & A 51 70-85 % (Miao, 2006) © & € % % ¥

FEEEN IR AT R ERPEAL S EAL B PERORE AT E
gt Il e @i d A g A A4 G PRI 2

2 (Bio-oil) p % B ;2 (Balat, 2009; Demirbas, 2009; Fatih Demirbas, 2009; Keskin,
2010; Saidur, 2010) -

4 i (Bio-oil) 2 4 4~ i £ (Biomass) tedk § 7 B chif 2 T A 2
(Pyrolysis) = § & ~ TR B &R B Ay o § 20 a0 4 £ Psd ehjied P
(Angerbauer et al., 2008; Malisorn, 2008; Xue et al., 2006) » 4= j7)(Bacteria) ~ fi¥-*
#(Yeast) ~ i F(Moulds) £ 4 (Algae) 7 7 #f e 47 i e AL e > ¥ AP

P ERAL LR E i F RS £ EHAF GRS R HH B

\m?

B L AL S IRE B hd TR RRAL o fcd i vy R AR S R

Nk 2-1 88 2-2 o
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Z 2-1  FRe A $0 Fg R f £ (Meng et al., 2009)

) ] Oil content ) ] Oil content
Microorganisms Microorganisms
(% dry wt) (% dry wt)
Microalgae Yeast
Botryococcus braunii 25-75 Candida curvata 58
Cylindrotheca sp. 16-37 Cryptococcus albidus 65
Nitzschia sp. 45-47 Lipomyces starkeyi 64
Schizochytrium sp. 50-77 Rhodotorula glutinis 72
Bacterium Fungi
Arthrobacter sp. >40 Aspergillus oryzae 57
Acinetobacter calcoaceticus ~ 27-38 Mortierella isabellina 86
Rhodococcus opacus 24-25 Humicola lanuginosa 75
Bacillus alcalophilus 18-24 Mortierella vinacea 66

% 2-2 A P spL e s (Meng et al., 2009)

Lipid composition (w/total lipid)

Microorganisms
C16:0 Cl6:1 C18:0 C18:1 C18:2 Ci18:3

Microalgae 12-21 55-57 1-2 58-60 4-20 14-30
Yeast 11-37 1-6 1-10 28-66 3-24 1-3
Fungi 7-23 1-6 2-6 19-81 8-40 4-42

Bacterium 8-10 10-11 11-12 25-28 14-17 -
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24, M2 PR R
25 BEIRAKIERFF
< fedp B A B B RURE ORI eniE R T A LT OLRAER Pk A o
m A fend R X A& A gwl § v (Carbon-to-nitrogen ratio) ~ 8 & ~pH & ~ 3
FREERAPE TG R P((5kR, 2010) -
252, RERR
WA P B E S e G B FR B - TR Bl e 2 & 8 (Growth phase)
B2 2 Fp ey vs & 2 3P (Production Phase) © mve 4 £ #) B SL 4 i & o ficd doen
AT LD e BB S PE §RALE A BB oL@ Al
ERHTAMP) AR PR FRREE R RS Y HEGE FLMA P g p T4 R
P g F i miRigr o
253. AR
R N G P b B R T oy kA A A4 o daiRl T R AL

M2 4 50 B MR IR B A e AR e frig AR end & o @ R R e LT

Ry
RS
g
%
S
et
X
3\
o
ey
*{5*
=
)
Rd
W
*{5*
o
)
1:>;
\f‘“\ﬂ

En BEAML L8
R R A § B P Pt L e f R RARS R T K
et £ ERRBFEHOEFE o RFEARF > 35 Cr > 7 4] Rhodotorula
glutinis s & S B AR M 20CH > AMA RS0 > ERFF IR ZERAHER
Rt BB il AL & o
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25.4. pH &

BA ARG E GBS A RS P ER S e )l T R
M e Ug_“"’}f#m‘ﬂ EEE ,ﬁz;fg'z?ﬁ%g]l\ % cnk BE me ad £ o ?}?Jc:}ﬂ dr
ik pe 1+ ehTR B T 0 Rhodotorula glutinis s 5 $#® 9% *5 7 £ (Johnson et al.,
1992) -

255 %5 ¥

)
A
Bt
Ar
1:>
%v*
W
O
a
o
<
D
o
O
X
<
S
D
S
=%
:?n“
o
9
q..
=
na
¥
q
n
m
1%
[
%
.3\

PR ABNEF RS AR EEFF A R R g F B ML ® o
DO %15 fenfridg 57 b e #1 8 LLHR Y Bing § kR0

256. sk

kB FREIFYBEAVAANEZ > H LR R A E BT H LY € E
BREESF L EEFT o REMmA S d R ENHRE L EE o doficand £7
T ofc kA i {7k & 1% > Westhuizen, 1985% 3 ¢ %5+ - Microcystis aeruginosa
b ek g T4 E L H ;3?] A4 FZMEE] D SEF KRG RO R T B

B AMA L R § B4 o An, 1990 774 ) % $tPhaffia rhodozyma

» 2

;£

g\
|
bl
1%
*
)
=
=t
}_&h‘_
v

> 7 B F e A8 o P.rhodozyma»t § ek 35 & T i (7
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=
iy
B
k-
|
by
Ry
a
b
a
g
2
e
§
K
)
=4
dw
q
[
[k

FME eI RRDEET B
FooreH o & S BUPRER F AR FR AR AP BAL L ¢ Tl E (Antimycin)
B EE U ;{ﬁfﬁ & PR *E e s - Blumenstein et al., 2005 3R #-Aspergillus

nidulans & *t &= & 7 32 & > p #8ek A7 % (Phytochrome) ¢ < 3| 1% % _# A. nidulans

1T RALL G Pl A R R e R SRS BE e
B

25.7. BREF R
FORfeF RE A e PRATE R A o B RUR L BLP F RCUH 0iE 2
T oo kA bg RpRE G P B s @ 2 L X 72 - Somashekar and Joseph 2000
T EET 0§ BLF v 6] % 10:1 pF > Rhodotorula gracilis & # ssge B i & LA E
Wb s 160:1 015 2 F 5 @ Adk® ek § v 5| PF > Rhodotorula gracilis g fy
MEEO5% @ iLapt s v B 5 20% 0 Bgor DR IRehE B A Foohi
BAT BEFORL T TGy R R b 3 & g IEpE B0 H
ZRRFP P RHFE
2.6. %+ &§F # (Carotenoids)
e By 2 I DEEDT 2 kqipthd 204 40 Baatate® 7
3 =~ £ & e fF4E(conjugated carbon-carbon double bonds) s aE o A F B chk e
Fatic B pd AF BB E S Wiy R o LA § 5 Y R
§ % gy (- 124 % (Heber Detal., 2002) > & 4 p X 7 5 42 700 fA g e & By
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FARETIKR VR A T AR oA P o d Ak ST
(Photosynthsis) ¥z sk i%2£ iT * (Photoprotection) } 3+ /# £ 8 chd & » (g e? B § %
H - FFE W Eit & $ (Demmig-Adams, 2002; Demmig-Adams, 1996) - #f# &
FELFREADET > deiv 57 8% hd F o~ i (RS Eig R R

(Bendich, 1989; Krinsky, 2003) -

RIp i F o> 7R BY &4 5 By & (Carotene)frif £+ #

N

(Xanthophylls)® ~ #g o 3 & § % (Carotene) 5 % 7 % cwlia i &4 » VA T

a4

fi s o @ @ AR TIERE 0 4e o —carotene ~ B —carotene ~ lycopene ; # ¥ & #

(Xanthophylls) 2 # & § 2 2. 5 § im2 ¥

-

TR LA ROT T B T R
4o B —cryptoxanthin ~ lutein ~ zeaxanthin(3& #&.3% , 2008) -
2.6.2. E+¥ % (Lutein)

FF 241945 &# Wald *t g3 ARerp R Bdiagsad 2 0p B¢ &1
% & (Zeaxanthin) % b &5 & 0 & ¥ Bl TR S - A5 30 F P 0 g
®H % B+ B§ % (Carotenoids)® 7 ¥ (it d 4 o

% (3R,3'R,6'R)-B,e-carotene-3,3"-diol)~ # "a 4% 48 % ,» » + £ % 568.9

gmol™ > SHf4r® 2-4 0 ¥ 5 FEE MG EF F o WHEE HKE A E RE

FIEMEELFTHE 2L FEF HEE s A
EXAfr2 A5 2oy 2289 ) LA M Ao drE- ¥ RS ta R ff e

ARBAR T e B & (Johnetal., 2002) o § x5k ¥ b ki pph o €
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A4

=

Eepd Ao alded p R

Pl g
SERIEIRE L 2o

—

BEIRIT L o A FUAR VN 4 =
ER 2o sk Frdls v iEF iRERE

W‘b

£

—%?l

- B AdF e (CEH o
PRI v

R AR ECAT '}ifiﬁrj s hok &M F
7 % (AMD)( Carpentier et al., 2009) ~ i p FHi(Arnal et al., 2009) & ~ < %2
B i A A

T SHRE R
A AR R FIBREE S L R L en§l e
(Fernandez-Sevilla, 2010 Roberts et al., 2009; Stahl, 2003)

B 2-4  F+F # BHE 2010)
TR REF RN R AR EV R (DA MEZE
FEFE 0 R S5 kT

S AR T
(Ff 4 & & BT 11 it
A P AR B e s 5 (3) B

#

‘g -

>

B3

AT o G g PalEE T R T A IR
{%4F iz 4 (Semba et al., 2003)

44 21
& 4% AMD L % ¥

-/LJF

s 2

& B RG 42iF 100,000,000 =4
G & F HEY B X R 5mg £ % kF
B AMD > B3t E§ B4R 5 £ & ehe § 4§ & 4+ F(Coleman et al., 2007)
P &eniEF £ kiR R EFEH (marigold) s s? 5Bem 17 > kBRI
%% %% 0 7 8 5] 5~50%:ik & (Khachik, 2007) » @ § & F eniosee s 3 chi
% 7 £ @ 0.03 % dry wt(Piccaglia et al,1998) 747

£k
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B > BEFEFF R AL PR IER R X AR -

HEUFET FF e BRE (1) FEFF 2 E20512%drywt) : (97 7
Por B A Rl MRENT T SRR QE AR AL

LIVF FORE (ORRL ] LB AS  dodd [REAS RS R
3 1 @ Py B & (Fernandez-Sevilla et al., 2010) -
2.6.3. B-# & § % (B-carotene)

B-#BF A5 T3 aI P P UL BEFREE2RF2ELFR
gt 4 3 34 5 ChoHser S tdc B 2-5-B-# & % .82 % A % #8(Granado, 2001) -
B mpitd %o PR HE SR E LRPEGRS, 2007 ;
2008)

-+ By A AL AN B R BES LB P A

PR EF T pd ARER G VEF V4 B B F UV Bl g s B
PR E A(COO - )ie* @ iR imre 7 % p d A etk (Woodall et al., 1997) -
ARABF R FERIT oINS B BT F AN FLEIR
BAPFEOBE AR R F o RPELE G TR BT R FD

R. glutinis % 3| £ 4R (Somashekar, 2000) -

Bl 2-5 B-#F &§ % % (http://zh.wikipedia.org/zh-tw)
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F=% RERHERE

31 RAEMHE
311 A

A s * AL S.oobliquus o A 3 4 5EE P 5 % M (Chlorophyta)
% % 4 (Chlorophyceae) ~ ¥ 3 7] F (Chorococcales) ~ #+ % 7 (Scenedesmaceae) ¥
i# % % (Scenedesmus) el ¥ o A B X w B Fwmre FHRA X wre LT [

520 % Hlmre R D e g ot > FRE(Plastids)ph 8% 2 £ % o~ EFF

ﬁ"ﬂ‘\*
&
2
bt
A
ek

Ba A R%d 4ol 3l AP SHPFEMRID W A L F 3

B 3-1  S. obliquus >* &g ficst ™ ¢k #.(200x)

23



312 Fitk
kg it * hER S R oglutinis Ff%5 5 BCRC 22360 o B+ & & f1+

Gop Ak SRS JOH I o

B 3-2  R.glutinis ** & e ™ b gL (200x%)
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%31 FHESTHE

v oz ¥ 2 R

e g Potassium nitrate SHOWA

AL & 4o Potassium dihydrogenphosphate SHOWA

Fiphds Magnesium sulfate heptahydrate SHOWA

T Z er L iR 4 Disodium dihydrogen ethylenediamine SHOWA
tetraacetate dihydrate SHOWA

i Boric acid SHOWA

& (44T Calcium dichloride dihydrate SHOWA

B ik A8 Ferrous sulfate 1 RO P23

B ik &% Zinc sulfate heptahydrate SHOWA

% 4% Manganese chloride tetrahydrate Alfa

§ v 4p Molybdenum(V1) oxide SHOWA

B ik 4 Copper sulfate pentahydrate SHOWA

Vo i Cobalt(Il) nitrate SHOWA

T e d% Ammonium sulfate SHOWA

it A X B4 Yeast extract DIFCO BD

F i 4 Sodium chloride SHOWA

EER Glucose ROQUETTE

@ Y4 Sodium hydroxide SHOWA

L Hydrochloric acid Scharlau

ZF v Carbon oxides EERERE A

v Ag Methanol ECHO

25



(A5 T)

Eav Chloroform ECHO
L Isopropylalcohol ECHO
A Ethyl acetate ECHO
ik Acetone ECHO
(A Acetonitrile ECHO
ez n-Hexane, 95% TEDIA

B EERT A Methyl tetradecanoate, 99% Alfa Aesar
LY fg Methyl palmitate, 97 % Alfa Aesar

b0 L0 g

AT iy

LT s

TR LT

%I b T g

%

YM BROTH

Palmitoleic acid methyl ester

Methyl stearate, 9994

Methyl oleate

Linolic acid methyl ester

Linolenic acid methyl ester

Agar

Yeast Malt Broth

MP Biomedicals™

Alfa Aesar

ACROS

MP Biomedicals™

MP Biomedicals™

DIFCO

DIFCO BD
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32 PRRE

RELAR 35 R
pH meter PH-206 Lutron
BEBESAE MS-3205B ChromTech
T+ T BJ 100M Precisa
BREF AL EA635 TRIDENT
& EE T 3BH-24 HIGH TEN
Ag ok s g Simplicity MILLIPORE
Hew oA sg K Elid s WSC044 FIDTREEM
B E e ¥ MCD-2000 HSIANGTAI
@Y A s Universal-32R Hettich

HERIE MS1 minishaker IKA
REART X DC300H DECTA
AR CT-series PAN CHUM
A kk gt GENESYS 10UV Thermo

U AR 3 IR 35 DENVER

INSTRUMENT

> 4p £ B AEL Model BX53 Olympus, Japan
5 LO-150 LIAN SHEN
A2 5w BURR MISONIX S-3000
B pTi R Ap k4T & Hitachi L-2130
F A0 K A7 & Thermo Focus GC
BRE Sinagawa W-NK-0.5
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(FEFHT)

ERRIRAH

R

52 2 4142 5% 5 pg I

TR

&

B3
T5 p k%
TS p k%

LED &

LIAN SHEN

LI-COR

T5-8W/D 110V

MR16-7W

LUS-150

2300STAT

LI-250A

SUN

SUN
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33. &P

331 kRBRRPETF

R R LA S R R L R N,

~N

-

R

A hxd N\
‘:J N T-"’TEK'Z” ’1} I

FE 2 kR% AR > H 5 pmolm™s
332 EMWER AT

vk kR 2HES O S obliquus sdE Ak £ 0 B op K =2 560 nm s
A gt £ 3R E Kk &%k i (optical density » OD)

333. FER A2

jz")?]/]i’ Iljfﬁ }‘ﬁ’_‘g——'— «Eé

FAHF Ak kR AL 660 nm T R E H

EERA

334 1T =R AKLS LS RATERSIER

=

G bR R R R R

I;*ﬁ;‘%ﬁﬁ%"& J}}ﬁ&ﬁ fj‘_’_‘g‘_—g_ ji;’l'ji}i

B 10ml # 5%~ 4 ik des #5 gg i 7000rpm> 10mins #-k 523 & R A 3 o

o s ans £ R 2 "o 10ml &7 47 -k ik 5 3 g o
TR R P AEAR R B RS9 R

B0 B4EE D

T MFgE R 80-90 C o MAEAR 2 r b sk e
7—? li‘]j\ ’ Jj:.‘q,blj lﬂ ﬂyJa}»'

iz Z (Dry Cell Weight) -

LR e 1

ek 2 1B € (e
A) -

29

¢

=z

-

ek & o & ¥ sk i& (optical density » OD) |- >+ 1 »

N

Lo BEeEp| 2 kR R > BT A > T & H 8 5L

A
\nd



335, A 5
B SR PR R FR AR EREVR Y R
WA BLE Y L S RN RS Bl T LR R R S
( ®/ml 2 B&/cm3) > 4o 3-3 -
£ HCE AL D W f - R Imm D 2 A A A 5 25
B3 (GBXE) & - &3 RLwmA L 16 B > f@x4) FpE ] 3 o kL

0.05mm - &3 &> &

ot

*

ot
"
-k
®

0 P A EBR OFIEELF S 0.1mm

Foi | e i A 5 0.00025mme(3&, 2009) -

B 3-3  R.glutinis &2 S. obliquus £ #2 & 2_ ¥ #c 4L B (200x)
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3.36. FEHRERAI

Bk &R o~ g g ? oo e gig 7000 rpm g 10 min o A R e
b Fi o B gk £ 4% YSI 2300STAT Glucose analyzer % £ i -
337 B TkRAE

FEBA iR R S50 mg o 4 T ER/E B (L2)B R 5 ml Y BT R
MEBY I R AR ER R (# S 5 T B 2min) #EF1
hro £ 5 d g g 5000 rpm g 10 min o - f X PR jc b3t e fof 2
e P oo g2 lme L 3ml Y R/E PRAREELI RS o KTy B
60 CHfaiz48hro d g B2 EE A7 W E o

F1* R @ 0t TR 1B hd 2 T E (Biomass) 0 R E TR A7
i A E 0 AR P 7 £ (%, wiw - Total lipid content) - #-j# #3 2 £ (%, wiw) 3k
FHREER@L) > TE R I8 R R ek & (9/L > Total lipid) -
338 WmEAL S

FEB L 50 15 SR 50 mg 4~ 4ml 0.5N KOH/MeOH 13 4 7 i iR
£33 > T URF ABAPEEFRwE(F S 5 TR 2 min) s REFEE
B~ 1hr> B~ & KOH/MeOH % B~j% » 12 100°C-ki# 15min 782 i* F Jis o F3E
A FrF 8 0 4e~ 4ml 0.7N HCI/MeOH % 5ml 1096 BF3/MeOH » # 100°C ™ -k
# 15 mins 79 fpit & g o jfpf“?/ FrE R 0 Ser Iml e fe g Bk s Ok S
v iE* 5 2 {540~ 2ml n-Hexane > vortex 5 A 481 B inape T g o B b R
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n-Hexane % > 41 * # 4p & +7 & ( Thermo model Focus GC series ) % & i|(® 3-1) -
£ g 5 SEG BP20 (25 mx0.22 mmx0.25 ym ) » 42458 & 200°C » fa4F 1
min {4 12 10°C/min 2 :¢ & =8 3 210°C » *4F 10 min 4 2 16°C/min 2. % & 2§
I 220°C > #4F 224 min {& £ 12 10°C/min z_:& F 28 3 230°C » s&4F 5min;
A 5+34 (injector) > B & 230°C 5 @RI ® 5 LGS W p|E (FID detector) » i
230°C ; @i § 48 (carrier gas) = & # (nitrogen) » /i & 25 ml/mim o j3 84+ 5
AR S lule
AR A TR kR TR B RE AR
Methyl tetradecanoate (C14:0): Concentration(g/l)=Area/748255
Methyl palmitate (C16:0): Concentration(g/l)=Area/731173
Palmitoleic acid methyl ester (C16:1): Concentration(g/l)=Area/760568
Methyl stearate (C18:0): Concentration(g/l)=Area/785914
Methyl oleate (C18:1): Concentration(g/l)=Area/525880
Linoleic acid methyl ester (C18:2): Concentration(g/l)=Area/828305

Linolenic acid methyl ester (C18:3): Concentration(g/l)=Area/745008
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(it B)

P~ 0.059 # ok ik AR

A
#-FH E > 4ml 0.5N KOH/MeOH @ » 14z 3
RELE2 A48 (3% F 5)

A 4
#pp2. KOH/MeOH Fik > 4 100°C ki 15
LAB TR R

A 4
FrRr LA Eris o 4o~ 4ml0.7N HCI/MeOH
% 5ml 10% BFs/MeOH » % 100°C ™ -kiz 15
Y AN AT

\4
FFrEEZ LS or ImMl&pfra @k > 2
G FUIL (R

\ 4
4v ~ 2ml n-Hexane > vortex 5 A 4% 11 5 B~ 55 i
e ® g

\4

B~ K n-Hexane & » ¥ 5 § AR & 47 4 +7Hk &

\ 4

F AR K A7 4 47

Bl3-4  fyompe A 452 B G EOT A2 (58, 2011)
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3.39. & % (Lutein)ik BRI £ * i (Tukaj et al., 2003)

<5 ml &4 Scenedesmus ¥ fu

!

< BEALCARECH

3% & 45448000 pm > 15 min ; E i AR

Ao A 10 ml methanol » & 57 4= o 5% 23
REA4E4$:18 W » 6 min

<j VRIS T i)
3% A 454%:8000pm > 15min; i E RS
< B bR S >

B35 EF & ~7H Ak 2010)

F1# B oz ik 4p & 47 R(HPLC)iE 7 4 47 » 1% 2 % 0¥ $£.50DS (250 x4.68 mm
)R R (2721 °C); #% # 4p 4= 4~60% solventA (acetonitrile/methanol,20/80 v/v){=40%
solventB (methanol/acetone,80/20 v/v) ¥ & i* & 15 min I 30%solventA = 70%
solventB » & & %6 minT £ 3 A=4k B 5 i L ml/min 5 UV i g 450 nm

EX 2 EAHAE S £ TR EFRESR:

Lutein : Concentration(mg/L) = 4x10°xArea ("4 C)
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3.3.10. #g#* & § # (B-carotene) & 7 * i#

1 #P~4 Fic e e - 50mgo 4e » 2ml(e % 1 B A gt e fhe fig =40:40:
200 VIV)iR & o MR E B RIR £353 0 X AR L ELESE 7 de e Eop(w
% 5 power i 18W > it ®* pFfF 2min) - # % /] pF o

2. A1 4 g g 45 g 5000 rpm ges 10min o B bR 2 0.45um £+ FiE R
g

3. 1L F TR Ap k5 &k A 5 B-carotene ik B o

b, BOTH R RZANIEE e SRR R ER(e W B
[P e fee fig =40:40:20°vIv) 5 # 24 inzE 0.7 ml/min- g 4+ 5 N50DS
(C-18) 4.6 MM i.d x 250 mm > & it £ % 457nm o

£ 5 % Conc. (mg/L) =4 x 10° x Area (¥4 D) -
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3.4, Y%
34.1. FHEH

AR o RAFGFEHRENRE R 50 o BB0 mip EEAET 2500 misg &
A2 FAYEFERA  FFEATRA- (9L RFDAD) B REE LA F
£ % 1vvm (2% CO,) - k£ & 5 & 1600 umole m2s™> 24 | pEid F e % » 3§ & 4)24-26
C .
3.4.2. FAbE

B~ % 4830500 misg & AGE 7T RS B A 0 FefiAcde kR #24] :0D=0.100(
9005 mie) . § McES L it EYPEFG6R) BN ERIFLIF&K S A

BEZEMARY xR iEE 1§ £1vwm (2% CO,) > £ & 55 & 1600 pmole photon

m2st 24 gk o R 524-26°C -

343. HfE

#-AFA R. glutinis 2.4 ok 52% ¢ > # 2 YM BROTH (Yeast Malt Broth) /% &
BAREM T EERAHY 2 24CHA T2hr 2 08ml FHiz{r0.2ml &

FlH R A F Y 393 R A s ATk R
344, BH

R. glutinis £ S. obliquus 424 3% Fj#icA &) 5 6.00x10° £ 4.90x10° » 246 3
L & 96 PFork R AEAE S 50mMlZ2 £ R & A w & iF i 5 150 rpm>24°7C >

kBB 5% & 47umol m?s™t > 25 g/L Glucose -
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345 ik HEA

1. FHR2BXRAES
S.obliquus 12 Basal 32 % A (TR iR 325t 284 > ¥

FREE Y > B A RS ek 330

# 3-3  Basal #2 % 7 (Shietal., 1997)

Components Concentration(g/L)
KNO; 1.2500
KH,PO, 1.2500
MgSO, « 7H,0 1.0000
EDTA 0.5000
H3;BO3 0.1142
CaCl, - 2H,0 0.1110
FeSO, -« 7H,0 0.0498
ZnSQq4 + 7TH,0 0.0882
MnCl;, - 4H,0 0.0142
MoO; 0.0071
CuSO;, * 5H,0 0.0157
Co(NO;) * 6H,0 0.0049
pH 6.0~6.1
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2. AT niAed
R.glutinis i % 3-4:e (/335 % 35 % 24 [ PH (TS X R £ 2 2 HEAM -

# 3-4 F3+ 1%L (Seed Medium > SM)

Components Concentration (g/L )
Yeast extract 3.0
Malt extract 3.0
Peptone 5.0
Dextrose 10.0
pH 5.5

3. EnEREAES
R. glutinis #7 S. obliquus & % 3-5 {7 X & F 5% o

4 3-5 ¥ % % & (Coculture Medium » CCM)

Components Concentration(g/L)
KNO; 1.2500
KH,PO, 1.0000
MgSO, - 7H,0 0.5000
EDTA 0.5000
H3BO3 0.1142
CaCl, - 2H,0 0.1000
FeSO, » 7TH,0 0.0498
ZnSQ, + 7TH,0 0.0882
MnCl; « 4H,0 0.0142
MoO3 0.0071
CuSO, - 5H,0 0.0157
Co(NO3) « 6H,0 0.0049
Yeast extract 2
Glucose 25

pH 6.0~6.1
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R. glutinis

S. obliquus

A 4

Flask

A 4

Pure culture

Ratio

A 4

N source

A 4

Glucose

Inorganic

Organic

A 4

Coculture

A 4

Scale-up

A 4

5 L fermentor

A 4

6 L air-lift bioreactor

A 4

A

Salt

Y

Adding time

A 4

Initial pH

Baffle

A 4

Temperature

A\ 4

IHlumination

A 4

Light intensity




36. PEHEAGE
3.6.1. #ig F A (Flask experiment)
3.6.1.1. % 3¢ % (Coculture)$t® %] 2 & (Pure culture)2_ 3¢

ZEEEE A E R R 5 ool R R b A T L

1. S.obliquus *+500 mls F¥#gieiF a3 % > B % 7 % ; R, glutinis #&48>
50 ml SM#: % 2535 % 24/ p* o

2. *»50mICCM 5 % A ¥ i e sUmik & 5 25 /L i § ok -

3. (- )R.glutinis 12 10% #FE £ 2 CCM % ¢ o (Z)#S,
obliquus w33 % 2 fa¥Lik %51 OD 5 32.08 » P~ Iml &4+ it 2 CCM
BA#A? o (2)20D % 3208 2 &4 1ml - R. glutinis 17 10 % #FE
BB b itz CCME £ A% o

4. »24°C ~150rpm ~ k35 B 47 pmol mPst 2 12 & f Y 1 % 96 ) pF o

36.1.2. % F4&F" vl B IF
B 7317 P &t bl (Algael Yeast = 8 ~ 41) ¥ £ 32 & F# 2 £ B

+ 5 B &
BB

1. S.obliquus *+500 mls F#gi& F @3z & - 2 47 % 5 R glutinis 42483
50ml SM32 &% 32 %24 pF -

2. *50mICCM % A7 i +emihik & & 25 gIL i § 4 -

3. R.glutinis 7 10 %% A& &> H 2 CCMB A7 > Hik:

6.00x10° -
39



4. S.obliquus #:48 A Bl 5 4.96x10° + 2.46x107

5. *24°C ~150rpm ~ k35 B 47 pmol mPs™t 2 32 & f Y 12 % 96 /) pF o
3613 §F AERZEYF
1) &28F RERZBF

Pt iEst & A0Y 7 pAsdem fism ik 2 (0540.75-1.25+ 1.5+ 2.0 g/L KNOy)

HERF M E RN T AT

1. S.obliquus *+500 mls F¥#xieiFm % > B % 7 % ; R, glutinis #48>*
50 ml SM32 % A3z % 24 pF o

2. % 50mICCM 3 % ¥ & %74 054075+ 125+ 15~2.0 g/L KNO; »
TEMBERL 259/L -

3. R.glutinis & S. obliquus % Ej#icA %) 5 6.00x10° ~ 4.96x10° «

4. »24°C ~150rpm ~ k35 B 47 pmol mPst 2 12 & f Y 1 % 96 ) pF o

(2) e (NH.)2SO4 )i 4 2 B 5F
FUREAR A A FRAR&HEIBAFMSL R T RfL BT

® KNO3/ (NH4);S04=5 » ¥ 4245 KNOgik & 5 0.5~ 1.25 g/L

1. S.obliquus*500 mlw F3g:e i m g & » ¥ % 7 % 5 R. glutinis 48350
ml SM3 % kg £ 24/ & -

2. K 50 mI CCM f% %‘ fl_\“‘ /f]‘ 4\1(NH4)QSO4 ’ —'E'- e KN03 / (NH4)QSO4 = 5 ’
KNOsA=4~k & 5 05~1.25¢9/L §F 54 LA % 250/L -

3. R.glutinis £ S. obliquus % EFj#icA %) 5 6.00x10° ~ 4.96x10° «
40



4. 3+ 24°C ~150rpm ~ k35 & 47 pmol mst 2 32 K f ¢ 2 & 96 ) BF o
(3) FF M2 P
P A Akl i de (KNOg)k B T > #8345 & A ¢ f* 5 54+ (Yeast

extract);fl: A THERARAWOL AT A RLIBE

1. S.obliquus*>500 mlw F¥g:& i m g & - 3 & T % 5 R, glutinis #8350
ml SM#: % 38 %24 pF o

2. 50mICCM %47 2 7 v Yeast extract 2 ko ®27 KNOsd=4ik B
505~1250/L 55 #ERS 250/L -

3. R.glutinis & S. obliquus # F#icA % % 6.00x10° ~ 4.96x10° -

4. »24°C ~150rpm ~ k35 B 47 pmol mPst 2 32 & f Y 1 % 96 ) pF o

36.14. ikikR 2 BE
Pent #5337 PAd-§ 5 48k A (253550~ 100 g/L)# = 32 % A a2 &

EI Y IR A

1. S.obliquus*+500 mlw F¥gie 7 a2 & - ¥ % 7 % ; R. glutinis #4850
ml SM#2 % 332 % 24-] p¥ o

2. *+50mICCM & % fA 7 & %74 253550 ~ 100 g/L § § 4k -

3. R.glutinis &2 S. obliquus 4% F#cA % & 6.00x10° ~ 4.96x10° -

4. = 24°C ~ 150 rpm ~ k3 B 47 pmol m%s™ 2 12 % 4 ¢

3

p% 96’J‘B$°
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36.15. R & (NaCl)7 +e 2 J: 48

(1) BRER 2 B

HEE3E R FASKE AR (0 005 0.1~ 0.2 g/L)% £ £ 12 % Eh s £ - 5

(A

1.

¥+ 2% (Lutein)£2 B-#* & § % (B-carotene)z. B2 5 -

S. obliquus*+500 mls F#gi& 73 & » 33 & 7 % 5 R glutinis #4850
ml SM#: & A8 R24) PF o

%50 Ml CCM 5 % ¢ & %74 0+ 0.05 01+ 0.2g/L :7NaCl » § ¥
¥k R 5 250/L ¢

R. glutinis £ S. obliquus #% F#cA & 3 6.00x10° ~ 4.96x10° -

*24°C ~ 150 rpm ~ %% B 47 umol mst 2 12 % ¢ 2 & 96 ) P o

Q RRFHFELEF

11 4R PR T 4 0.05 0/L NaCl $1 % 33 % i ens £ 5 R4k -

¥ % (Lutein)¥ B-7* % § # (B-carotene) 2. 2 58 o

1.

S. obliquus *500 mlx ¥g:e 7wz % > ¥ % 7 < 5 R glutinis &4
50ml SM32 &% 32 %24 pF -

33 4 24-48-72 -] pEpE >3 50 ml CCM 33 4 & @ 7 ¢ 0.05 g/L <7 NaCl »
AdnF FAEER S 259/l -

R. glutinis £ S. obliquus # Fj#ic4 %] & 6.00x10° ~ 4.96x10° -

<5
B

32 24°C ~ 150 rpm ~ %3 & 47 pmol m?s™ 2 35 % §4 7 15 % 96 ] P o
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3.6.16. Azd pH B2 B

Peidfsd? Pacde pH E(6-7-8) & R FMl2 L 2T AR BT -

1.

S. obliquus *500 mlx F¥g:e 7wz & » ¥ &7 = 5 R glutinis &4

50 ml SM33 & 7535 %24/ P o

#-50mICCM £ % 2 pH* @ FH A BB L 678 Az 5 4%
JER L 250/L -
R. glutinis £ S. obliquus #% F#cA & 3 6.00x10° ~ 4.96x10° -

¥ 24°C ~150 rpm ~ k35 A 47 pmol mst 2 % 44 ¢ 12 % 96 ) BF o

36.1.7. Hi2 B

B BRI E S R AL £ TR 2

1.

7 g»
A o
2R

)

S. obliquus *500 mlx ¥g:e 7wz % > ¥ % 7 < 5 R glutinis #4875
50 ml SM#: % £33 % 24/) p& o

g% o enz & ¥iE 7 R, glutinis & S. obliquus 2 % 32 % - CCM 3
HAL0ml - Ade i FmER S 259/ -

R. glutinis £ S. obliquus # F#ic4 %] & 6.00x10° ~ 4.96x10° -

¥ 24°C ~ 150 rpm ~ %3 & 47 umol m%sT 2 12 % 45 ¢

i

p% 96’J‘B$°

36.18. BAR2ZEF

P FH AP R ERQ2-24-26TC)HE A AWM L TR

%

B

1.

S. obliquus *+500 mls F¥#gieF w3 % > B % 7 < ; R, glutinis #&4&>*
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50 ml SM33 & 7535 %24/ P o

2. *50MICCMu 47274 FEMER L 250/
3. R.glutinis £ S. obliquus 4 F#A = & 6.00x10° ~ 4.96x10° -
4. =+ 150 rpm ~ k33 A& 47 pmol mPsT 2 1 & ¢ 2 % 96 /) FF 0 R AR A
L 22~24-26°C -
3.6.1.9. kP2 B

Pt 4R b k5 R (47 86 115 pmol m?s ™) 2 32 & M e £

BB

1. S. obliquus *+500 mls #gi& 7 3s & » 3347 % ;5 R, glutinis &4
50 ml SM32 % A3z % 24/ pF o

2. *50mICCM iz % ¥ 2732 % > FHBER S 2509/l -

3. R.glutinis & S. obliquus % Ej#icA %) 5 6.00x10° ~ 4.96x10° «

4, > 24°C ~150rpm 2. % 457 12 & 96 /| FF > kg &R 4 Bl 5 0~ 47umol

3.6.1.10. % 3 B 2 5
P e 33 Ik ss B (47~ 86~ 115 pmol m>s™) 44 33 % FM 2 R

3, B ®
A

2

5. S.obliquus *+500 mli F#giE 752 & - B4 % 5 R glutinis 4483

50 ml SM32 % 232 %24 P -

6. **50MICCM sz % A7 /712 % > F 5 4BER 5 250/L -
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7. R.glutinis £ S. obliquus % EFj#icA &) 5 6.00x10° - 4.96x10° «
8. 24°C-~150rpm 2 3% 4a¢ 324 96 /] PF > ks & A u| % 4786115

umol m?s™ o

36.2. WESNFEHMIALRE
Fi 4 CO el §f E ¥ 23342 4 ¥ 7 £ (Biomass)& 4 #3 % ##

(Total lipids)z_ 82 %8 -

1. S.obliquus *+500 mls F¥giE FH 3 % > B £ 7 % 5 R glutinis #4850
ml SM#: % £ 38 %24/ pF o

2. 7z 2LCCM i £ ANSL MmN &FRd  FEMHERL 2509/ -
FEEH R L Ry e A0 B 5 10cm e £ R EF A 100cm e

3. R.glutinis & S. obliquus # jF#cA | 5 6.00x10° ~ 4.96x10° «

4. BR24C i&F 3 % §(0.03% COp)% 2% COp2 38 £ § i § £ 0.5vwm

7|

?175

= ¥ ks A 1600 pmol m?st 2 LED % » *+ 24 -] p515 12 IN NaOH

T pH* 6.0 & 12 /] B - =X 0 2% 96 | PF o
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363. 6L F F\gFptF BE (Air-lift bioreactor)

1.

S. obliquus *+500 mls F#gi& 733 & > 3 % 1 < ; R, glutinis #4850

ml SMs2 % R %24 B o

A
w

2 3LCCM B A A6 L BAFRF REY 2714 0 § 58K

3

5250/l HEEH ML RS W, ApF LS 17T eme F RES
& 32cm e

R. glutinis £ S. obliquus #% F#cA & 3 6.00x10° ~ 4.96x10° -

BR24C> % i F £ 05vwm (0.03% CO,)» # # = ¥ k3 & 1600 pmol

m2slz LED % » & 24 | pBfi— = > 12 % 96 | P& o
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37. REEKLIW
3.7.1. 500 MIF fis B3k % W

4, P~EAE500 misg % A7 RAE PR E 0 FAAE R 4] £.0D=0.100(
$90.050f%mre) o § A L i EHPFG63) B ERITLF &K
AR EMEY crAEE L FE£1 vwwm (2% COy) 0 sk B 5 A 1600

umole photon m?s™ » 24/ Pk F BBk > B A 924-26 °C -

W B &9 Mix

FERI '(_;.5
=R ] @

B13-7 500 ml 5 fis B2x & B(3%,2011)
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|
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e

S
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B 3-9 H by & R.glutinis 96 /| pFz_ % i 3

B 3-10 H jb3z % S. obliquus 96 - pFz_ i 25

B 3-11 % 3 % R. glutinis 22 S. obliquus -] PFz_ % v 25
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372 SLEMREOLF ENFHNELF

B 3-12 5L #AEH ¢ 6L § B F AR 2 25 B
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Fri RRBFHUS

4.1. #Fgxgpese i (Flask experiment)

41.1. %32 % (Coculture)¥tis %] 2 & (Pure culture)z_ #; 58

A 4P F 3 & A T oR.glutinis 22 S, obliquus % 32 & &2 H jhiz & 2\ e B 4-1-
4-2~4-35 3 Fliche & 41 3 4-1 ¢ @ 4R, glutinis 8 b & T H Rl s
BAPF > BHREF SR A RSB S § 5 4% S, obliquus i 758 5 R,

glutinis 25 &k > R. glutinis #7iy & * ch F 4% 11> @E SR M AFRE - @ S,

o
=2
=
[
c
7
F_L
S+
-
3
-
Bhud
73?
e
S
P
-
B
B
P
<k
Py
H
(o))
%
K
=y
bt
|+
ot
V¥
B
EI
(9p]

obliquus # &7 — B#E & R R BB -

4eBl4-1 0 R.glutinis e 5 jss £ pF¥ 118 504 iz € 51112044 g/L > S.
obliquus 22.0+0.06 g/L > %35 % T 514.05+0.07g/lL- 232 % T » = H s % 2
¥ =& 45 > R glutinis2S. obliquus® 2 #5z¢ & %] 5246 ~ 11.59 g/L » & 7
4'R. glutinis£2 S. obliquus % ¥ & % #&R. glutinis¥? S, obliquus ¥ fH3z £ 4+ > &
£ 1 % kB HS. obliquusehA £ 3 & F ¥4 o Cheirsilpetal., 20117 + 12 %
Rhodotorula glutinisf=Chlorella vulgaris 7= & 7= 1} & £ & e % B3 5 jpis % oh )
Xue et al., 2010+ # % Spirulina platensis£2 Rhodotorula glutinis ™ 3 4p Ie e/ % o

4r @) 4-2°R. glutinis & ¥ Mz & pF 3 4 b g 5 1.777 £ 0.278 g/L>S. obliquus

5 0370+ 0.015¢/L > 34T 5 3504+ 0251 g/L > Hib#5 &4 € 4 R glutinis
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12,02 & > % S.obliquus £19.71 & o R. glutinis % *5 § £ % 16.00+2.21 % >
S.obliquus % 18.71£0.22% > @ 32 & Pl#& = T 25.57 £ 1.65 % - R. glutinis ¥ i+
FE W A & 5 007199t 0 S. obliquus & 0.0209ggt > A 21 g R

TR 0120997 FEMER S gt FREPRARE BT NER

% TR A0 AR

# 4-1 R.glutinis £ S. obliquus ** ¥ jp3z % 2 £ 32 % T 2 FkE

Culture condition Cell count after 96 hr. (cells/mL) ratio ( yeast / algae)
Yeast Microalga
Pure yeast 9.21x10° -
Pure algae - 2.08x10°
Mixed culture 5.56x10° 3.33x10’ 17

¢ R.glutinis £ S. obliquus # Fj#icA & 5 6.00x10° ~ 4.96x10° i /ml °

16 10
14 4 E Yeast
. Algae
K3 Glucose residue -8
12 e pH
-
~
2 10
) -6
a3
= g 8 - T
)
£E8 & 4
S 3 .
m o
4 -
-2
2 -
0 0

Yeast only Algae only Coculture
Experimental conditions

B 4-1 =3 %% R glutinis & S. obliquus 2. 4 & &3 58
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A w)H-H e % T an R glutinis 22 S. obliquus 0 2 £ 32

Yield (g Lipid /g glucose)

0.14 1

0.12 A

0.10 A

0.08 4

0.06 -

0.04 4

0.02 4

0.00 -

5 30
[ Total lipid ° o5
4 - KXX3 Total lipid content
® vield T <2
(=)
- ,‘ 2 &
2 31 K =
02000, ]
o XX 15053 c
S ® 08 03038, 15 S
= el %0203 o
= ool 2030 i)
< 2 R %% e
° RS %023 =
= 20302 P20 =
20203 15 r10 =
200y %0203 S
RS %022 °
RS A =
1 - RS %0203
RS 20003 5
2032 L2 %%% i
Q0203 %023
Qo203 %023
Q0203 SR
20203 2023
0 (XX 0
Yeast only Algae only Coculture
Experimental conditions
' X g H g H s - s ,
Bl 4-2 %32 % ¥ R glutinis ¥ S. obliquus 27 3 % # 82 &

W3 I S

% ok 50 3.3.8.

(6 ek o oA o f1T F AR R AT A T

F o R Ard 429057 o JHd e A AT 0 T 0 fRE s b E K iE

R SRERr i F R MRS -

JF 4-2 7 3 > % ¥ R.glutinis 22 S. obliquus H 38 & - Fret &2 % iE 2

T PR T g C16:0 (Methyl palmitate)f-ié & C18:1 (Methyl oleate) & =

RS 2

Pipfk e o H AW 0T L4 B4 gk (Mandal, 2009) 5 Cheirsilp et al., 2011

? X 32 % R. glutinis {= Chlorella vulgaris 7 7

TE

E
™

ke hi % 5 Kimetal., 1996 7 4

Tk BT 3 #F 7 C16:0~C18:1- R. glutinis 7 C16:0 ~ C18:1
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v

R 4-3 B4 H b % Roglutinis “rBEF 2 E PP HEF Z 2 EA NS
0.003 mg/g ~ 0.0374 mg/g > S. obliquus 4 %] 5 0.2447 mg/g ~ 0.0991 mg/g > = & %
TR % 0.084mg/g~0.0321mg/ge d B EER2 miEicE Y FF MEF ZFE D
FEt B REWET FERMAFN BASHAERALANET R LB R

# 4-2  R.glutinis 22 S. obliquus ** ¥ fb3z & &2 X 12 & T 2 g AL e s

Experimental Relative amount of total fatty acids (%, w/w)

conditions  ¢14:,0  c16:0 C16:1 C180 CI81 Cl82  C18:3

Yeast 0.47 10.16 0.21 2.64 74.52 9.09 2.92

Algae 0.35 16.36 0 1.80 66.78 11.93 2.79
Coculture 0.47 7.93 0.52 3.08 83.06 4.60 0.33

0.30

[ Lutein

0.25 A
Hl Beta-carotene

0.20 A

0.15 A

0.10 A

Yield ( mg lutein/ g biomass),
Yield ( mg beta-carotene/ g biomass)

0.05 H

Yeast only Algae only Coculture

B 4-3 #3244 R glutinis 22 S.obliquus 2 £% 22 B-# BE§ 2 AR
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412, * b EF" G2 HE

JE R 4-4 ~ 4-5 (85 > § Algae/ Yeast 5 8 pF > H 4 FoioE ~ R i g2 i
Pz &4 % 5 14.05+0.071 g/L~3.594 + 0.25 g/L~25.57 £ 1.65 % - § Algae/ Yeast
L41p5 > B4 16.05+1.626 /L ~ 4235+ 1.24g/L ~ 2885+ 277 % - ¥ = § 5 #&
WA ehg A w5 0120997 ~ 0134997 > Fin G AR HE A P A
PEDLR > 2P icd adnd 87 a0 Ed SR F AR FE T S e @ b fg o
VA Ed i3t PR o & 96 /) PF{S > Yeast/ Algae oAl B G 17 &
24 > Bl % 4-3 > & or 41 R.glutinis £ S. obliquus A2 45 % Lt Bl & 33 & DR
I3 B F ;%% % 2 Cheirsilpetal., 2011 £ 2 % R. glutinis £2 C. vulgaris 4p = ©

% 4-3  S.obliquus & R. glutinis ** 7 e 3 Ft 0T 2 F#cE

Initial ratio of :
Cell count after 96 hr. (cells/mL) ratio ( yeast / algae)
Algae/ Yeast
Yeast Microalga
8 5.56x10° 3.33x10’ 17
41 6.55x10° 2.75x10’ 24
18 8
16 I Yeast
Algae
14 ® pH
. -6
. 12
d
2 10
' Z
£ 8-
S
m 64
4 - -2
2 -
0 algae / yeast = 8 algae / yeast = 41 0

Different initial ratio of algae & yeast
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Bl 4-4 7 R4EF G R glutinis &2 S, obliquus £ 32 % 2 2 & 5

0.20 4 6
[ Total lipid
5 - XXX Total lipid content - 30
> —&— Yield < =
g 015 - oo S
% )
S < 41 % g
2 > Soteke =
S ~ 20%0% Lo €
= 20200 o
2 020%0) ]
2 = 02020 c
= 01041 o 341 o260 o
5 = %o 2050 8
— - 2535 95939
< KK 0059 =
o B (KX ooy 2
o KRS 900504 2
= [ (K% 0059 =
k=) 21 N2 Sodek -
o) 5584 20200 L 10 S
~ DS K<) £
0.05 1 (K R3]
> 5584 2020 -
(R KX
1 (5 2055
(KRN o202
(R KX
5584 020
255 050509
KXY E0XN
0.00 - 0 0

Bl 4-5 7 k4% 5% R glutinis 22 S, obliquus 32 & 2 7 #5 & i R

413. §FRERZ B

(1) RBFRERZBE

algae / yeast =8 algae / yeast = 41
Different initial ratio of algae & yeast

=g

72 1.25g/LKNO; T4 gl » & F4E: 4+ I KNOz kA £ 2 % 582 9

% o JE IR 4-6 194> @8 F R(KNOg)esif 40 7 1 e e ehd £ > 4 KNO;g

<

JE R AZiE 1.5g/L pF - S.obliquus sh2 & X 3|drd4] 0 & R. glutinis +* &) lcd 5 5

d ** R.glutinis ¥ = F€ -] >+ S. obliquus 7> & 2 = B & v% 2 T % o 1 14559 KNO3

ik B > S. obliquus shjFBcic] o @ R. glutinis Shif#cE ® % H FEs F Aok 44

Bror & KNOs kB cree ¢ € B2 58+ 32 & S. obliquus £ R. glutinis Fj#iceint &) o 5§

FKNOzERaeeR {2 FERERLT 2 2 12 1.259/LKNO; £ 0.5

g/LKNO; 4 #i e 4+ £ » 4 % 5 14.05+0.071 /L ~ 13.33 + 0.850 g/L -

56



% KNOs ER B3 150/LpF > B iqen A fFM AT Ll 9 95
25% ¢ H ¢ 12 1.25¢g/L KNO3 &8 b % B 4% » 5 3.594+0.25¢g/L» # % §_.05
g/LKNO;» 3 3.392+0.187¢/L - @ H =5 5 ¥ 2 0 fpngd 53 2 059/L
KNO; £10.136 gg™*» ¥ #c £_R. glutinis F#ic!t b e 4e» B b 75 chg % 5 0,071 gg™
&+ S. obliquus #0.021 gg™

# 4-4  S.obliquus & R. glutinis ** 7 e 4245 KNO3 ik & 2. Fj#icie

ratio ( yeast / algae)

KNO;s (g/L) Cell count after 96 hr. (cells/mL)
Yeast Microalga
0.50 7.84x108 1.83x10’ 43
0.75 7.02x108 2.10x10’ 33
1.25 5.56x108 3.33x10’ 17
1.50 4.61x108 2.20x10’ 21
2.00 6.08x108 2.23x10’ 27
8
16 - I Yeast
Algae L7
14 - ® pH
' - 6
12 4
- L5
\\@ 10 4
2
M0 6 A -3
4 - -2
2 F1
0 0

0.5 0.75 1.25 15
KNO3 concentration (g/L)

B 4-6 7 F A4 KNO;3 k& # R. glutinis &2 S. obliquus % 32 % 2_ 2 £ 02 38
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KNOg3 concentration (g/L)

B Total lipid content

—&— Yield

ST
e T R R R s
20202012626 %% % % %0 %62 %% %0 % %6 %% %0 %30 2% %0 %6

X
0.5

5

7 424 KNO3 Jk & ¥ R. glutinis £2 S, obliquus %

0.20 4

< (90} N - o
(7/6) prdiy reroL

o S 2 3

o o o o

(8s0on|B B/ p1di 6 ) plaIA

" 4-7

1.60
MR

Y

"=
’
l

1.25¢g/L

Y
=

> ¥ KNOs
19.2 % » j& ¥

v
*

S. obliquus £ R. glutinis
3.594 g/lL T "¢ 3 2523 ~

i
=

» S. obliquus 3 4¢

B
&

=

e
P

|

0.5g/L %> 7 A (NH4)2SO4 B+

2.73

&

1.22

p 3.392 ~

v
=

05 g/L & 1.25 /L » (NHa);SO4 05 41 ¢ §

L
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el
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AN

)

1.27 % > S. obliquus # 4«

* IR

R. glutinis

v

A F ¢ @A {8 5 (NH,),S0, = 7 e g"

Eii
9 ¢

» 2

g &7

4-5 {8 &> 7 % KNOs ik B

$ Ay AT

¥ g

>
=

e
%:& S. obliquus
5 o /<R 4-8-4

5 7 4r (NHg)2S04 P » R. glutinis j#]#ics 4o

(2) ArpRa%( (NH.);S04 )7 4 2
26750/l » T K 26% o g 5
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% 45 7x*r(NHq),S04 ™ 2 S. obliquus £ R. glutinis K E

KNO3/ (NH,4),SO
o (NH4)2S0x Cell count after 96 hr. (cells/mL) ratio ( yeast / algae)
=5(9/9)
Yeast Microalga
05/0 7.84x108 1.83x10’ 43
0.5/0.1 9.95x10® 5.00x10’ 19
1.25/0 5.56x10® 3.33x10’ 17
1.25/0.25 6.77x10® 5.33x10’ 14
8
I Yeast
Algae
15 A ® pH
-6
4
S 10
T
£
S
[a1]
5 L2
0 0
0/05 0.1/05 0/1.25 0.5/1.25

(NHZ)2S04/ KNO3 (gLt 7 g/l

¢~ =

B 4-8  (NH4),SO4 R/ Sl glutinis 22 S. obliquus = 3% % 2. 4 & e 58
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0.20 4 5

o - 30
[ Total lipid
KXX] Total lipid content
Y 015 o g e R RS
@ Y2 < R =
Q N
R P 5 53 <
= a XS KX s
> = 0 K 20 =
S 3 - R 2 R e =
o = 15 RS RS KXX] c
R 90058 93008 9305 KR G
- %% P’O‘Q, XX IRKH
o 2 RN SR R %! c
S 5104 02029, 9302 KR RS =
a O o 90%0% RKA K&K (X X]
&E s s 5o g 115 8
- = 02000, o200 Ioo%s XS =
o S 21 1558 K35 K] X =
= |8 5 555 5 5 =
- = KR 0SS ool RXX] L =
= KRR Soded RSS] K] 10 =3
= 0.05 K& 0% hote% 9% IS
> 02020 R34 fodod XX -
11 ool % Dotods R
1505 2525 S 6
1558 R3S K] X -5
1585 255 foded XX
KKK XXX [PSX A K&K
KK 5 Reded X
K K poded KX
0004 0 XXX etet %! 420 0
0/05 0.1/05 0/1.25 05/1.25

(NH,4)2S04/ KNO3 (gL™/ g/L™)

Bl 4-9  (NH4)2SO04 fif 4ot R, glutinis 22 S. obliquus = 33 % 2% 3 & ff 0B

() 7WF M2
3 46 @ § R AR T 1.25g/LKNO; » YE e 4o ¢ S. obliquus

g R glutinis Fj#icvs 2 #% 5 % § A U T 0.59/LKNOs » YE shif 4 § it

"

|

R. glutinis <74 & ; S. obliquus fF#icsg = ™ "% > BALPT i AR PFREE A 2 o
KR Foonfly 0 AR LD KNOg k& “Tig  ch e 8413 § RER 2 BT &
¢V A Soobliquus ¥ E 18 F ReEH B @ Roglutiniss ¥ 8§ ke
EREERE -

AR4-104-11 87 > 44 77 YERTRFDIFTEL M AFH -
% 0509/LKNOs ®* YE 75 & - S.obliquus £ R. glutinis 3 & 4&iT2 # FE >

&5 5 6316~ 7.0189/L - § 5% & A ehE g i P 0 3 {1 S, obliquus £ R.
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glutinis 2 £ > @ §F F B EF 2 DA NS A RIREF H F R UF 38 £ 052
RE - FBEE S A 2y f BRE A S 5 0146 ggt~34.90 + 3.58

0p o

# 4-6  YE(Yeast extract);‘;‘j& 40 2 7 4 S. obliquus £ R. glutinis & 32 % F#icz #25

Ratio ( yeast / algae)

YE added or not Cell count after 96 hr. (cells/mL)
Yeast Microalga
0.5 g/L KNO3
YE 8.41x108 9.17x10° 92
No YE 4.68x108 1.25x10’ 37
1.25 g/L KNO;
YE 5.56x10° 3.33x10’ 17
No YE 5.59x10° 2.25x10’ 25
16 10
14 Il Yeast
. Algae
= Glucose residue| 8
~ 177 ® pH
=
2 10 +
) )
T3
2% 8- 3
m o
4 -
-2
2 -
0 0

1.25g/L KNOg 1.25 g/L KNO4 0.5 g/L KNOg 0.5 g/L KNO4
YE No YE YE No YE

YE added or not
®14-10 YE ¢hij #c 4t R glutinis £ S. obliquus 33 %2 4 L@y
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0.20 4 5

L - 40
[ Total lipid
4 - XXX Total lipid content

~—~ . ~
J<5) i —e— Yield e o
g 01 i o
g —~ ’I‘ 5] - 30 E

= 1 5]
o 2 31 m e =
~ 9.9 0’0“ [¢D)
i) 1] L ool =
2 0104 5 pole &) =
s 0 2 K& oe! S
= = XA o i o
- — KR K 20 5
> S 2- K& 0 S
o K& 24 =
~ XA ] =

= <X 9303
=y 0 203 =
- ¢XA <X 3]
S 0.05 - D% ] S
> 19 oS - 10

17 5 o

RS &L

KR K

%o} X

R 0%

[XX) XN

9, %00

0.00 - 0
125g/LKNOg  125g/LKNO;  05g/LKNO;  05g/L KNOg
YE No YE YE No YE
YE added or not

B 4-11 YE chif 4 $ R, glutinis 2 S. obliquus * & & 2_Jd 75 & 4 032 38

W

414, BRER 2B

24T B NEFF 5 MR AR 4 > S obliquus i % % - Kimetal.,
2007 7R w MR AFUREFIE F o BEGlIERT 2 & > BRI pH E ¢ F
BT RES FEMR S R B L TR RS ERBMERDLEE - FH 5Bk
B 5 350/L p¥ > S. obliquus £ R. glutinis  # + chif#icis » 4 % 5 3.21x107
8.27x10° ; s P R. glutinis Al B0 H @ ek & H4ap 4 2t S, obliquus *t
350/L 3 frdFend £ > 2 17 R.glutinis 3 e &0 0y &) > ® Fr4] R. glutinis
4 £ e 54k Soobliquus R FF o pH 7t G RAF SR I o Ra o F H FEIER
*+ 30 g/L B¥ » S.obliquus 2 & B 4 T 4] 0 @@ R.glutinis & S, obliquus 5
Bt IR F 00§ F AR R G 4o 3 Roglutinis ehd £ 30 PR o
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B 4-12~4-13 857 5 G AEE R i 4c f 240 en B 2 7 Eendk 0

%
|

Papanikolaou, 2004 5 4p k03 o 2500/ §F 5 MERPF > § B chd $ T
¥ 1513+ 1.041g/L~ # "5 % # 595+ 0.392g/L ~ ¥ #q 7 ¥ 39.34 £ 1.05 % - &2 7%
100g/L §F MR G &% B o f 5+ oA 50323007 eiEF
S. obliquus £2 R. glutinis F#cens > > 25 FE i g RN P 2 £ B4t i1 o

# 4-7  S.obliquus & R. glutinis ** % FAx4e § 5 4k B 2 FiE

Ratio ( yeast / algae)

Glucose (g/L) Cell count after 96 hr. (cells/mL)
Yeast Microalga
25 7.84x108 1.83x10’ 43
35 8.27x108 3.21x10’ 26
50 7.44x108 2.13x10’ 35
100 7.00x108 8.75x10° 80
90 -+ 18 8
I Yeast
80 1 16 - Al
o N
70 A 14 - XN Glucose residue [ .
~ :
S 60 . 121
o =
3 501 = 10 -
& % 4 5
o 404 E 8-
2 S
S 304 @ 6]
O]
20 4 2
0 - 0 0

25 35 50
Glucose (g/L)

B 4-12 7 4244 5 4Bk B ¥ R. glutinis 22 S. obliquus & 3 % 2. 4 £ e 58
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0.4 ~ 50

6 1 Total lipid
XXX Total lipid content L 40
- —e— Yield o <
Q0.3 Xots T S
o leded 5
S —~ ) B
s |2 =
= -l KX - =
=) 24 RS 290 %0 3
< L2 KX
- P> XX e
o = So% X1 S
= 0241 o X2 KX Q
o =2 020} RS =)
= - 0228 RS
- = X e%d 2
o = 020 % r20 ‘g
o %% J 2
~ [ .‘Q’ QL -
i) R ©
- 4 000, <
D 2 p<> —
= 0.1 6L o
> R ~
KRS - 10
%0%
%0%
%0%
%0%
%0%
K
0.0 - 0 ‘ 0
25 35 50 100

Glucose (g/L)
B 4-13 3 Fe A4 3 5 457E & $ R. glutinis 22 S. obliquus £ 32 & 4 %5 B f 2 B2

4.15. & (NaCl)7 4 2 2 38
(1) BRER 2 FF

3 4-8 ~ B 4-14 ~ 4-15 ¢ @ 4r > NaCl ejj 4o ¥ 12 iR S, obliquus 92 &
FRAEHRB I 0209/L P kB nFciE 2.88x10" 0 5 0g/LNaCl 5723 & » &
WP e R F* e 3 rd] o NaCl mﬂf oA QIR AP0 E 3R B 0 AT B 4o g i
AL s R0 BE 5 0.050/LNaCl #3.272 + 0.120 g/L ~ 40.64 + 2.92 % > ¢
0.1 g/L NaCl :93.129 + 0.149 g/L~41.02 + 1.62 %4 #; %t £ % < 7 8.5~13.4% ;

7/

IEERS L ER s

B ARE SRR R | SLRETUEL o U oL S
% f£(Mohammed, 1992) - Kim et al., 1996 7= dp i § w2 & 5§ - TR4 TR A

B e A

VAN

e

R EM AR L BiE 2T 44 NaClk & 5 0.05g/L ¥ »

F.
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4 Bed nE RS A K 0207997

J<JF 4-16 ¥ {8 4w NaCl i 4 § 2030 § 4 (Lutein)sh2 4> % 0.05 g/L NaCl
3 B A 5 0251 mglg > e B-#* B § % (B-carotene)#r 7 4E NaCl 2R oy B
gL o

# 4-8  S.obliquus & R. glutinis ** 7 e 4245 NaCl & & 2. F#icie

Ratio ( yeast / algae
NaCl (g/L) Cell count after 96 hr. (cells/mL) (y gae)
Yeast Microalga
0 4.68x10° 1.25x10’ 37
0.05 4.55x10° 1.50x10’ 30
0.1 3.61x108 1.50%10’ 24
0.2 5.34x108 2.88x10’ 19
8
10 4 H VYeast
Algae
X1 Glucose residue
— ® pH L 6
— 8 1 BN
- O
a3 -
@ 8 4 E
2 9
S8 o
m o
- 2
2 -
0 0

0 0.05 0.1 0.2
NaCl concentration (g/L)

B 4-14 7 4248 B ¥ R. glutinis 22 S. obliquus + 32 % 2. 3 £ el 58
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Bl 4-15 7 424

[ Lutein
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0.1
s E

iquu
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0.05

NaCl concentration (g/L)

2 = A =

Il Beta-carotene

0.30

T T T T
0 o n Te)
N N b =

0.10 A

o o o

(ssewolq b /auajores-viaq Bw ) pIsIA
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# & # R. glutinis £2 S. obl

14

.,

=4

0.00

Bl 4-16 7 F



(2) ﬁ)iiflzﬁrﬁrz*aizzgz

# 4-9 77 &t NaCl chig 4c pF ¥ 41 S. obliquus £ R. glutinis chi il 5 7 4
F oM F NaCl 4o P enae o 2 4 TR & % A8 % 148 /| pFit 0.57 £ 0.351
O/l 3% 18.6% ; i "y B A€ /€.3.272+0.120 g/L " £ 2.960+0.848 g/L » ~
57 95% o % 5 B1£.40.64+2.92%"% % 3092+ 1.74% > 4@ 4-17 ~ 4-18
NaCl e 4o o 31 8 (= 7 5 AR S0 DA 5 5 BF PR 2 0 PP
tvh Beg hA k020799 e

FER) 4-19 ¢ 8 4w NaCl 7 4e o [ chonf B3 3 {10 § & ehd & > grig p-

PR 27 8% /00271 mg/g # & & 0.145-0.160 mg/g- 3 4x 4.35-4.90 & -

% 4-9 0.05g/L NaCl 7 4 p= ¥ %F S. obliquus £ R. glutinis % 33 % fr#e2 # 5

Ratio ( yeast / algae
Adding time (hr.)  Cell count after 96 hr. (cells/mL) o (y gae)

Yeast Microalga
0 4.68x10° 1.25x10’ 37
24 5.34x10° 1.42x107 38
48 5.06x10° 1.17x10’ 43
72 5.90x10° 1.75x10’ 34
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12 8
I Yeast
Algae
10 A 7] Glucose residue
°
PH L 6
-
3 87
~ S
=43
23 6- r4 5
A o
z
S 3 4-
m O
-2
2 -
0 0
24 48
0.05 g/L NaCl adding time (hr.)
® 4-17 0.5 g/L NaCl i *e P 44 R, glutinis #2 S, obliquus + 32 & 4 & 2 3258
0.25 - 50
4 [ Total lipid
o\ XX Total lipid content
—~ 0.20 —o— Yield F40
3 T =3
S o
% g 3 1 l E
o> 0151 2 = é -30 =
< [«5)
& | & N S
- — 27
o 0.10 - g L 20 E_
o . =
2 £
> o054 17 T
000~ 0 0 24 28 72 0
0.05 g/L NaCl adding time (hr.)
] 4-18 0.5 g/L NaCl /’J‘ se pF 44 R glutinis 22 S. obliquus = 3 % % "q A fF 2 B
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0.30

o [ Lutein
@ 0257 ] B Beta-carotene

7§ —
0.
£ o -
5 E’ 0.20 A :
852 —
oo —
€9
T & 0.15 A |
59 [
o8 ]

= —
£ 0o
E2 0104 —
T E ]
o - ]
> T |

T 0.05 - —

>- —

0.00
0 24 48 2

0.05 g/L NaCl adding time (hr.)

B

B 4-19 0.5 g/L NaCl e PF % R, glutinis 27 S.obliquus £ 2 £ 2 £ 5 2 8-

FIRSY LT

4.1.6. A=4s pH B2 P

S. obliquus s BcE F A2 b pH i 4o @ 12 % 0 g A 4 B F R G0 1 ok
4-10 ~ B] 4-20 - #a:p| £_F] 5 S. obliquus & if & chpH & 5 6.0-6.2 » % & (¥ % i
g RHCO A2 OH » R A A2 pH EFH > fdsdys pH e 4o £ 7 3+ S,
obliquus 724 & - @ R.glutinis #<if & copH & 5 5.5 R. glutinis &~ #+% F #Eh
WwATY § &2 4 5 pk > & pH ET "% > i S. obliquus *B+A 4 HOHi 12 32 %
sAenpH EF I ok e o ok pFRF B 4F 0 & R glutinis £ £ ehpH E o

BopH &5 7 B G & R.glutinis s & AR 5 400 # R glutinis F#dk F o
Fla i ik B qh i FE 28 0 AW 5 3544+£01319/L~2991+189% > H

oo e hA % 0166997 -
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e % pH & % 8 FF » S.obliquus ¥2 R. glutinis pr#icsg i 8272 < » & ff chd #g 4r

3

=i

|

JEpH E 5 773544+ 0131 g/L " & 2.869 + 0.869 g/L > &g ot $x B ripH |

1>t R.glutinis i qenk ff > @ S B g g BB A T o

# 4-10 S.obliquus £ R. glutinis ** % 424> pH 2 F#kE

ratio ( yeast / algae)

Initial pH Cell count after 96 hr. (cells/mL)
Yeast Microalga
5.56x 108 3.33x10’ 17
6.85x10° 1.54x10’ 44
6.20x108 1.71x10’ 36
16 8
I Yeast
14 A Algae
® pH
12 4 L6
T 10
2
e
(@]
m 61
4 - -2
2 -
0 0
7 8
pH

B 4-20 7 F 424> pH # R. glutinis &2 S. obliquus 32 % 2. 4 £ el 58
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0.20 1~ 5 35

[ Total lipid
RXX3 Total lipid content 20
—e— Yield 0%,
—~ 41 b'\:‘g —
[ _ ’0" o
g 012 o S
S %% K& 25 .
o AR KX KXH =
— Y] 0 <X
= -l K K& B =
=) = K B RS =
i &S 3 X =
o 23 bore! ) RS =
= lode! R R r20 @
=) oo K] 0 =
=] — 920, KX K&Y c
= 0104 ' K R oo S
= = KX R R o
T — lode! R R
= XX XX XX r15 ©
S 2 - K& e K& =
= S o K& K& o
~ 000 XA X =
= XX ] X
2 ] R RS =
D IXX] XX XX] F10 &=
2 %S 35 XS
0.05 ~ fode! R KX o
> . 5 5 % =
] X< R
5] ] ] L5
] X< R
5] ] ]
] 0% B
0.00 - 0 X KX KX 0
' 6 7 8

4.17. HFLEE
¥t 17 (Baffle) ¥ +: 73 § £ i@ R. glutinis jfj#cf 5.56x10° 5 4 1 7.56x10° > 4%

® 7 36% > iE R NFEET Al ﬁ:\'sﬁ"ﬁ;‘?:)@ » & R. glutinis #2 S. obliquus #&< &%

I -

4

S Bm o pH B 3¢ 8 FF A 3 4150 R glutinis 74 7a 0 A 0 i 4
Fhtr BE 2R T ¢ R glutinis B 4 o b g 7 B A SR G TR 4o o

% 4-11 #1~(Baffle)$+ S. obliquus £ R. glutinis F#c i 2 & 58

Cell count after 96 hr. (cells/mL) Ratio ( yeast / algae)
Baffle or not

Yeast Microalga
Without 5.56x108 3.33x10’ 17
With 7.56x108 1.67x10’ 45

71



16 10

14 7 EEl Yeast -
=] Algae L g
12 - ® pH
—
—1 10 +
= -6
=
71 i I
- :
2 -4
m 61
4_
F2
2-—.
O_

Without With
Baffle

0
Bl 4-22 #&4 (Baffle)$f R. glutinis 7 S. obliquus + 3 % 2 # & 32 58

5 30
0.14 A
T [ Total lipid -
EXXX Total lipid content i
0.12 A 4 4
m haN —e— Yield S
[72) T S
8 o
S 0104~ L20 =
-_— N
(@] ~
D3 b=
(@] ~
~ [<5]
2 %13 T L 15 S
.3- = 8
> 0061 8 2+ 2
= o 2
S [ T L 10 =
- <
2 0.04 =
> ~
1 -
Fr5
0.02 A
0.00 - 0 0

Without With

B 4-23 #1= (Baffle)¥+ R. glutinis &2 S. obliquus + 3% & 2.4 #5 % ff 0B 55
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418 BR2 B

B R R Mt 3 24°CpF > & 7 412t S, obliquus & R. glutinis (12 £ > B2 2R
22°CP% % B % 1S, obliquus £ R. glutinis f#ici& » 4 ] 3 1.04x10° + 1.00x10° - 4
M2 P FEHT AR F SN 7 2 e 2 P AL hd ERBET 2
B s 0 Flm 8 24°C 12557 £ 1.65 %3k § 3 22°C#136.77 + 12.87 % > &2 26°C
913294+ 1.97 % > B 4-25 7 Agon 1 22~26°C T F HE hE mF F R L0 g
chg & > A w4 0148+ 0.146gg™ -

% 4-12 7 B % EAH S obliquus & R. glutinis £ 2 & i 2 §2 5

Temperature (°C) Cell count after 96 hr. (cells/mL)

Yeast Microalga ratio ( yeast / algae)
22 1.04x10° 1.00x10°8 10
24 5.56x108 3.33x10’ 17
26 4.95x108 3.27x10’ 15
16 10
14 - H Yeast
Algae
® -8
12 PH L]
g 10 - "
3 s z
5
@ 69 ¢
4 .
: 2
2 A . S
0 n B O

22 24 26

B 4-24 7 3 %8R ¥ R glutinis &2 S. obliquus + 32 % 2. 4 £ el 58
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7
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e

XX
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X

Q
X
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S

S

X >

7

[ Total lipid
BB Total lipid content
—o— Yield

R

S

\%

0
<D

X2

&R

<D

0;0

)%

<D

’v
Do

7

S

7
9

S

X>

9

3
&S

>
O

X
S

<D

X
2R

@

X

>

7
9

L 50
=
L a0 S
o
=
-
[
30 2
[
o
o
S
20 2
©
—
o
|_
L 10
0

B 4-25 % k3 %8 & ¥ R glutinis 22 S. obliquus % 3 %

419. kB2 BP

FE IR 4-26 X7

% 3.594+0.251 g/L »

£ 5 6.67+0.159/L> i 5

BE o ) sk R ePiE ¢

14 i S E
FET O RALTE

» &g or ) S, obliquus ¢ i&

14.05+0.07 g/L » i
2785 2557+165%; # fRk

& % 1440+ 0.330 g/L> 7@

2

e

24

£
7

ARE

WA T

55 B 5 21.31+4.66 %>

glutinis 2 £ i¢ * » i S. obliquus &2 R. glutinis ¥ § iz ch& 2 X R @2 F T E -
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0.14 A 30 5
B Biomass
BXXA Total lipid content
0.12 -~ 25 [ Total lipid
® Yield -4

- —~
b X
(72} o
© 0.10 - )
S S 20 - —~
s |2 .3
D008{ ¢€ g
S ~& =)
—_— c 4
=2 33 o . =2
=006 {25 L, T
= A 'S I
g £ =10 1 T =
T 00415 S
> o 8 L

0.02 - %

0.00 4 0 ool . : 0

Coculture (with light) Coculture (without light)

Experimental conditions

B 4-26 -k ¥ R. glutinis 22 S. obliquus % 32 % 2. 2 58

4.1.10. k5 & 2 B3

E ¥ k% K& ehH 4o 0 S, obliquus ¥ R. glutinis chEF#c & R o X @ 0 R glutinis
AT S, obliquus § fp-ehd £oad g5 F R, glutinis Fl#cend 4e o F oA i R
MR R Y A P s> B3 S, obliquus F#icp 2.08x10" T 5 5 1.25x10 -
mER 4-28 I WEEFERBR DB A AF M BB RN FERR
HAcp o Roglutinis 233 & 7 et Bl g® 0 @ v pre dg 0 Roglutinis & pe sk
TR RE DR | g 78 5 F 2 0 Roglutinis 2 Rk g2 T

PSR B~ A b o 5 £ (38, 201) -
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# 4-13 7 B3 &K% &% S obliquus & R.glutinis £ 32 % chpF#ciE 2 258

Light intensit Ratio ( yeast / algae
g ) y Cell count after 96 hr. (cells/mL) (y gae)
(umol/m®s)

Yeast Microalga
47 4.68x108 1.25x10’ 37
86 7.03x10° 2.08x10’ 34
115 6.89x10° 1.25x10’ 55
12 8
I Yeast
10 - Algae
® pH
-6
~~ 8 7]
-
S
2 61 L4 T
e
o
o,
-2
2 -
0 47 86 115 0
Light intensity (umol m'zs'l)

B 4-27 7 F k5 R 4 R glutinis &2 S. obliquus % 32 % 2. 4 £ g2 38
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0.20 - 4 40

[ Total lipid
IBEA Total lipid content
—— Yield

00
X
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vTV"
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SRLKS
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X
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0.15 A

w
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SRS
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i

0.10 A

N
1

- 20

SO
9.0.0.0.0.0.9,
ERRKRRKS

X
VAN

Total lipid (g/L)

STIXKS
K
SRKKS

9
A

©

o

[&]
1

[y
1

- 10

Yield ( g Lipid /g glucose)
Total lipid content (wt. %)

SIS
LR
ERRLKKLS

%%
AN

R

0.00 - 0

N
Ayl

86
Light intensity (umol m?s™)

B 4-28 7 -k 3 & % R. glutinis 22 S. obliquus * 32 % 2.4 g & f (0B 8

42, BESEFBEEPIZEE

R. glutinis ©3#HE 427 & 4 ch CO, £ 7 &t #3+ S. obliquus  #ehg K&

e
34

FF i 2% CO, 12 i85t S. obliquus 2 & » 3R, glutinis & 2 95 858 > &7 3%
i R. glutinis f4F ez & k3 - i 3 S, obliquus 22 R. glutinis #& & (03 & 4

B o % 4o 4-29 ~ 4-30 ~ 4-31

(\x.

H by % 4@ Dlend £ 4 % 5 S, obliquus £96.6 g/LR. glutinis 6.3 g/L >
@ S.obliquus 22 R. glutinis % 35 % 5 9.7g/L - @ /¥ #5 % # £ RIS, obliquus
1.856 g/L~R. glutinis <71.742 g/L + = % 3.664 g/L-:¢ 5 7 £ i£_S. obliquus :229.46
% ~ R. glutinis £126.40%+ = 3 37.77% -

G 4-14 edgager BLOAF R 2 v i dv s B2 2R COp ehit § & 3 430 R,
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glutinis ens & » e xx 2 X 8w g A AR H ] 203453594 £ 0.250 g/L > *®
W s B BB HEFL2557+1.65% £ F 7 122% 0 B i B 0 COs it

> X

R 5 7 £ 0 & S obliquu - R. glutinis £ 3 & 3 & ¥ 7 o

*y

% 4-14 R.glutinis ¥ S. obliquus &+ # % 2 #5322 5L 2 A4 2 -

Flask Fermenter
Total lipid Total lipid content Total lipid  Total lipid content
(g/L) (%) (g/L) (%)
Coculture 3.594 25.57 3.664 37.77
Yeast 1.777 16.00 1.856 29.46
Algae 0.370 18.71 1.742 26.40
12 40
..
10 O
L 30
¥
P E T :
E 3
% 6 L 20
e —#— Biomass of cocufture @

", —v— Biomass of yeadt
‘—@— Biomass of algae [ 10
g Glucoseof coculture

- Glucose of yeast

=3 El"

Glucose of algae

04 T T 7 e 3 |$‘ E T T 0
] 20 40 i a0 100 120
Time (hr) .

®l 4-29 R. glutinis £ S. obliquus ** 5L 4 x4 @ ¥ b3z % (Pure culture) & £ 32 %
(Coculture)en? 4 F 8 &2 § § b2 % 1t

78



- 40
[ Total lipid
XX Total lipid content —
3 S
. o
d r 30 E
— £
= £
2 27 S
= - 20 o
° 2
= =
o]
1 A °
- 10
0 0

Coculture Yeast Algae
Experimental conditions

B 4-30 R.glutinis 2 S. obliquus >t 5L % %, @ H j3s & (Pure culture) s
(Coculture) e #5 B A 2234 %5 5 £

13\3‘
B

43. 6L F B #pF BE (Air-lift bioreactor)

TS F R #HE_1.259/LKNO; & YE 2 0.59/L KNO3 & No YE #32 %
it A 0-48 ) E%?K”ﬁ - thend L 48% 5 A 48 ) pFis 1.25 g/L KNO;3 & No YE
s & iF 2 B 3]vE B > 0.59/L KNO3 & No YE 724 # F & - 1.25 g/L KNO; & YE

FRE-E F RS KR % 413 F RiERZEEE 4 1.259/LKNO3; & No YE
18 i e § 5T 0.5 9/LKNO3 & No YE » Fifiim?e 3 foif & chd R TRE - ¢
EHEMF R focd > Fa @FE F s TR 719l hoB 431 &
VR ERET OLFESEREF BEORBFOURR E R R AT R Rk

B oo
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0
74
3, L 25
M

R IEANCY
N . 20
= 5 b — e Biomass (1.25 KNO,) =
4 —a—— Biomass (0.5 KNO;) g
2 4 — . —. lucose (125 KNO;) L 15 Z
= — 58— Glucose (0.5 KNO,) 5
= - =
M . L0 T

o
2 4
-5
14 :
-
‘-H-\'.
e
':I T T T T T T T ':I
0 20 40 60 a0 100 120 140
Time (hr.)

W 4-31 6L 5 B\ #psF &% > R glutinis &2 S. obliquus *>* % I 38 & 15 2 T chd
FREE T AR

B2t &) R.glutinis & S. obliquus &3%i% ™ » FEF 42 £ o

Cheirsilp etal. 2011 # % 32 % R. glutinis 22 C. vulgaris 5k 5 1%53E 5 »
BRBERCET ERBAAR @ggr i k> @ Chlorella vulgaris = & %
X FIRE > Fla i Roglutinis R 2 & X FIRE ]J?\-’T:}ﬂ A KPRV L
i R. glutinis F#8 <12 £ (3%,2011) - Xue etal 2010 # + 3 & S. platensis & R.
glutinis » S. platensis =4 £ & B # 5 %% > ¥ &2 4 2 ER R glutinis O, »

¢ L3 A hd f R Rk o (e m iRt S platensis & R. glutinis ¥ S & chik i
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4 ¢ 2011 £ 32 % Chlorella sp.f= Saccharomyces cerevisiae 2 i 3 32 % &

& Chlorellasp.3 % 7 £ 37 #H % *¢ Yeast extract 0.3 gL - Maltextract 0.3 gL™

1“’1!1

Peptone 0.5 gL™ » 7 it kil 7 & - & W £ 55 % ¢4 4 [ £ 1 - Cai etal. 2007
£ ¥ % Amvrosiozyma cicatricosa £2 Isochrysis galbana » & % 32 & chpiRER 5 2

O/l ¥ 5 4 P %% 7 18 ae A cicatricosa ehd £ iE A EPF R ABITIE

34

AP R GREFOR G T A BRI A ke K AR #

‘%ﬁ.

#3 % {5 ¥ A.cicatricosa £ |. galbana & ' B en3 {] £ 4 o
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% 415 =% Q‘L;J%—%i’ AFERAAT BRIV R

] ] Total lipids o Total lipid content
Yeast / Algae Time(day) Biomass (g/L) g Lipid/ g Glucose Reference
(9/L) (%)
R. glutinis, .
: 4 14.05 = 0.07 3.594 + 0.250 0.120 25.57 £ 1.65 This study
S. obliquus
Rhodotorula glutinis, Cheirsilp et al.
) 5 4.63+0.15 2.88£0.16 - 62.2
Chlorella vulgaris 2011
Rhodotorula glutinis, Xue et al.
Lo . 7 3.673 +0.018 0.467 + 0.015 0.012 12.71+ 0.40
Spirulina platensis 2010
Saccharomyces cerevisiae, =AY
2 1.884 0.358 - 19.0
Chlorella sp. 2011
Amvrosiozyma cicatricosa, Caietal.
. 7 1.32+0.04 0.148 0.074 11.21+3.01
Isochrysis galbana 2007
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AFHRFN A BB AFEET > 24 S obliquus & R. glutinis # F48 2 £

L
v

B

(Biomass) ~ i# #3 % % (Total lipids) ~ 7 *5 7 £ (Total lipid content) & 2 #2558 »

VIR ERES s T Sep s

1. S.obliquus ¥ R. glutinis % ¥ j&33 % (Pure culture)£? £ 32 % (Coculture) 9 2%
EET O ERRHASFFE g kA (Total lipids)& i 7a 2 £ 9 3 &2 0
cd s Hig A w5 14.05+£0.07g/L ~3.594+0.251 g/L £2 2557+ 1.65% > e
FHRER FELBFRY FO2 S o

2. AdpdE R BI¥ S obliquus & R.glutinis £ 32 & S F T2 ¥ o

3. * A4 KNOs k&R F %7 > KNO;3 k& e3 4c € 18:E S. obliquus =2 & >
e % KNOsk &+t 1.25¢g/L p¥ > S. obliquus &2 £ % 3|#rd] > HR A 5 F
BEEH RN w KNOgJRR RN W g 2 0882 1 > 9%
25% -

4.  (NHg4),S0,4 m’T 4v ¥ 2 iRsg S, obliquus £ R. glutinis e £ > 27 J]30 06 g

AR A ET RN 26% -

5. %A YE SIS de e LR S. obliquus 2 R. glutinis 2 £ 2 gk > &

Mg ikt T (0.50/L KNOs)B 8 5 B ¥ - 2 0.59/LKNO3 & & YE e
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10.

11.

12.

T4 BB ehi AR S ehA Z 0 4 0146997 7y 7 B iE 34.90
+3.58% o

K RER2Z BBF % 7@ S obliquus &% § RenEHBRG
@ R.glutiniss ¥+ 7 ¥ % g # P RF o

A A FHER TR T TFFTEHERTRF 25 FE
R E R T R B 50g/L ik x B4 B 5 1513+ 1.041 g/L
5.95+ 0.392 g/L ~ 39.34 + 1.05 % -

NaCl mﬂr se¥ ISR S.obliquus 2 £ 0 3 029/LFF 0 G B® PEEKE
2.88x10" > 4 0g/LNaCl 023 2 o

NaCl e 4e de A& P ek ff > #r ¢ " 12 4= TR © Jx4e 0.05 g/L NaCl p=
W AR E 3272401209/l 5 & 5 406422.92% b B AR R G
13.4 % -

NaCl s 4§ 240§ 4 en2 3> £ 0.05 /L NaCl 5 £+ 2 % 0.251 mg/g -
© B-ot By A AA S NaClenf 4o § B F en® i o

Wi NaCl it € 2 4 TR & » 648 /) P 4eit 0570351 g/L - # 3
186% ; e 2 f13td e £ 0 R4 R/8.3272+0.120g/L * 3 2.960 +
0.848¢g/L > T 7 9.5% o

NaCl 7 o p /¥ chat B i @ B-#* B § % 4.0.0271 mg/g #% & 1 % 0.145-0.160
mglg » Hi 4 ¥ 435~ 490 % » & & " MEF F s A o
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13.

14.

15.

16.

17.

18.

19.

pH & 3 4 2 41 S. obliquus 2 £ ; & pH & 5 7 pF R. glutinis £ S. obliquus
B R pH B FIIRE G g B e F 4 W 5 3544+0.131
g/lL~29.91+1.89% » H ¥ = § § a2 7y ehd & 7 if 0.166 g9

HoAr € #4ep § £ 0 @ Roglutinis f#icp 5.56x10° % e 3 7.56x10° » #% % 7
36% - v i & kg jracfg {1 S. obliquus 2 & e

FOEAETEAN2ACH > AT R REH AWML RE SRS R E
APFETE M AMERF 0 95 3337 %

% e 4o o Soobliquus i R & T A E § 0 & 55 % S obliquus £ R,
glutinis #& 7 BBk i it T & o

k5 B el 4o 0 i€ S, obliquus &2 R. glutinis hE Bk B 5 2 & ol (R,
glutinis ¥+ S. obliquus ) = ;Lsfpxr ST o S 3 R el 4o ¢ 1GE R, glutinis 02
oo fr i e oAE o

SLAEH RS » CO e de ™ 118 £ 35 % ek 1 7

6LF R\ HMF BRI LR FAGTRFSTERAS I RSER -
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52, AxE¥

JE 3 & R.glutinis &2 S.obliquus s % 2 & R r 2 R A HEBR LT -
iAo doir s FPag chd K@ F g R o 0 & R glutinis &2 S,
owwmﬁﬁﬁ%ﬁﬁpH%ﬁT%%{@@ﬁﬁﬁo%%?ugg@%%ﬁi
F B ER FREA T IR kR o~ BURE R B 40 ¥ 2 4R R. glutinis 22
S.obliquus 3 £ » ¢ fE3 S AR A SR RO e 0 3R] pH B G

FEFAME L6 P AFREDEBZIEE
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10.

11.

12.

RGP s FF 2 (2007) o McEAE o FEH B 0 4154 0 34-40 -

FIRh L2 (2011) - EH AT 0 BB E

?ﬁ\

TR A ENEE BIRIREAE

oo 2Thd P B L EFEES - (559

B 4 3£(2009) - CEB AR o PLEFE 2433 8
A E R (2010) o 5 et i B B N ATR oo JRFRERE Y 7181 4-13 -

Fraig > % 2 E(2000) o MR- L AR o FLEF R 24334 o
BEB(2009) o He B A L MFEN A A2 Y c R AH A F RIS
AR LHm2 o

ot (2007) - e chim & B 1% o R AP F - % 26 %> % 34 >179-181
F P (2010) o Mo a B FfrA E L g B LRE R o 251 5E
4% - Vol. 26 » No. 7 » 907-913 -

Zok¢ S BIRTR Y F EE((2012) o R B A BcEF T COL F RALRE o FHF)

B BRI A EREHARIAE R F 168 o
ig;%(2009) LED i B2 u? « M T A2 H 71wy 8

45

A=

&% F(2001) - B L kiR R KA FY U RS F LR A E L S RB

)

PR T AT L 2

MAL(2010) « R FE BT HB LS L AR BRE ST HM -
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B2 1RFTTHLEHY o

HE(2002) o § 3¢ A A PWLT] o W2 BP < FE RS ]OR
L o

Wrc(2007) - mEe By AR MR B2 5 PpEPR-kRFFZFY o
A B4 SRRy TR L% o

% "¢ (2008) - 4 @ 7] Haloferax mediterranei £ 2 #7#* By 2254t
AR EA B EET LG o

% &74-(2008) - *§ B 7] Haloferax mediterranei ¢ #* B B2 2w
AMTRG AR AEIFIRTT LG o

SEAF T (2011) - 4531 % I % 2 % $1% Rhodotorula_glutinis # £ % % i #
2o AB A Frr g Pl LlmT -

ER01) c pFBRBETHAPRLSER ZERWAOAMIRFER 2
Teteo Lp A FtF1pappiamline -

% 1238 (2002) - Ei%‘\/)ilmﬂj‘ I EFEM AP F2 ) LA FRE 4P
R

354 ¢ (2011) © 373 % 5 F foih £ A 3 4~ % Chlorella sp.§= Saccharomyces
cerevisiae £ 32 % 2 AW 2 B W2 ¢ A L B L F 1 fp 1 7
Lk o

1538 (2009) c B MEA A& YT & o B 2R

=g

e

88



An, G. H. and Johnson, E. A. (1990) Influence of light on growth and pigmentation of
the yeast Phaffia rhodozyma, In Antonie van Leeuwenhoek, VVol. 57 Springer,
pp. 191-203.

Angerbauer, C., Siebenhofer, M., Mittelbach, M. and Guebitz, G. M. (2008)
Conversion of sewage sludge into lipids by Lipomyces starkeyi for biodiesel
production, In Bioresour Technol, VVol. 99 Elsevier, pp. 3051-3056.

Arnal, E., Miranda, M., Almansa, I., Muriach, M., Barcia, J. M., Romero, F. J.,
Diaz-Llopis, M. and Bosch-Morell, F. (2009) Lutein prevents cataract
development and progression in diabetic rats, In Graefe's Archive for Clinical
and Experimental Ophthalmology, Vol. 247 Springer, pp. 115-120.

Arnal, E., Miranda, M., Almansa, I., Muriach, M., Barcia, J. M., Romero, F. J.,
Diaz-Llopis, M. and Bosch-Morell, F. (2009) Lutein prevents cataract
development and progression in diabetic rats, VVol. 247 Springer, pp. 115-120.

Balat, M. and Balat, H. (2009) Recent trends in global production and utilization of
bio-ethanol fuel, In Appl Energy, Vol. 86 Elsevier, pp. 2273-2282.

Becker, E. W. (2007) Micro-algae as a source of protein, In Biotechnology Advances,
Vol. 25 Elsevier, pp. 207-210.

Bendich, A. and Olson, J. A. (1989) Biological actions of carotenoids, In The FASEB
journal, Vol. 3 FASEB, pp. 1927-1932.

Blumenstein, A., Vienken, K., Tasler, R., Purschwitz, J., Veith, D.,
Frankenberg-Dinkel, N. and Fischer, R. (2005) The Aspergillus nidulans
Phytochrome FphA Represses Sexual Development in Red Light, In Current
Biology, Vol. 15 Elsevier, pp. 1833-1838.

Cai, S., Hu, C. Q. and Du, S. B. (2007) Comparisons of growth and biochemical
composition between mixed culture of alga and yeast and monocultures, In
Journal of bioscience and bioengineering, VVol. 104 Elsevier, pp. 391-397.

Carpentier, S., Knaus, M. and Suh, M. (2009) Associations between lutein, zeaxanthin,
and age-related macular degeneration: an overview, In Critical Reviews in
Food Science Nutrition, VVol. 49 Taylor & Francis, pp. 313-326.

Cheirsilp, B., Suwannarat, W. and Niyomdecha, R. (2011) Mixed culture of
oleaginous yeast Rhodotorula glutinis and microalga Chlorella vulgaris for
lipid production from industrial wastes and its use as biodiesel feedstock, New
Biotechnology, 28, 362-368.

Coleman, H. and Chew, E. (2007) Nutritional supplementation in age-related macular
degeneration, In Curr Opin OphthalmolSpringer, pp. 105-111.

Dai, C., Tao, J., Xie, F., Dai, Y. and Zhao, M. (2007) Biodiesel generation from
oleaginous yeast Rhodotorula glutinis with xylose assimilating capacity, In
African Journal of Biotechnology, Vol. Vol. 6.

89



Demirbas, A. (2008) Biofuels sources, biofuel policy, biofuel economy and global
biofuel projections, In Energy Convers Manage, Vol. 49 Elsevier, pp.
2106-2116.

Demirbas, A. (2009) Progress and recent trends in biodiesel fuels, In Energy Convers
Manage, Vol. 50 Elsevier, pp. 14-34.

Demirbas, A. (2011) Competitive liquid biofuels from biomass, In Applied Energy,
Vol. 88 Elsevier, pp. 17-28.

Demirbas, M. F. (2009) Bio-oils from corn stover via supercritical water liquefaction,
In Energy Educ Sci Technol Part A, Vol. 23, pp. 97-104.

Demirbas, M. F. (2010) Microalgae as a feedstock for biodiesel, In Energy Educ Sci
Technol Part A, Vol. 25, pp. 31-43.

Demmig-Adams, B. and Adams lii, W. W. (2002) Antioxidants in photosynthesis and
human nutrition, In Science, Vol. 298 American Association for the
Advancement of Science, pp. 2149-2153.

Demmig-Adams, B. and Adams, W. W. (1996) The role of xanthophyll cycle
carotenoids in the protection of photosynthesis, In Trends in Plant science,
Vol. 1 Elsevier, pp. 21-26.

Fatih Demirbas, M. (2009) Biorefineries for biofuel upgrading: a critical review, In
Appl Energy, Vol. 86 Elsevier, pp. S151-S161.

Fernandez-Sevilla, J. M., Acién Fernéndez, F. G. and Molina Grima, E. (2010)
Biotechnological production of lutein and its applications, In Appl Microbiol
Biotechnol, Vol. 86 Springer, pp. 27-40.

Graboski, M. S. and McCormick, R. L. (1998) Combustion of fat and vegetable oil
derived fuels in diesel engines, In Progress in Energy and Combustion Science,
Vol. 24 Elsevier, pp. 125-164.

Granado, F., Olmedilla, B., Gil-Martinez, E. and Blanco, 1. (2001) A fast, reliable and
low-cost saponification protocol for analysis of carotenoids in vegetables, In
Journal of Food Composition and Analysis, VVol. 14 Elsevier, pp. 479-489.

Heber, D. and Lu, Q. Y. (2002) Overview of mechanisms of action of lycopene, In
Experimental Biology and Medicine, VVol. 227 Royal Society of Medicine, pp.
920-923.

Hu, Q., Sommerfeld, M., Jarvis, E., Ghirardi, M., Posewitz, M., Seibert, M. and
Darzins, A. (2008) Microalgal triacylglycerols as feedstocks for biofuel
production: perspectives and advances, In The Plant Journal

Vol. 54, pp. 621-639.

John, J. H., Ziebland, S., Yudkin, P., Roe, L. S., Neil, H. A. and Oxford, F. (2002)
Effects of fruit and vegetable consumption on plasma antioxidant
concentrations and blood pressure: a randomised controlled trial, In Lancet,

90



Vol. 359, pp. 1969.

Johnson, V., Singh, M., Saini, V. S., Sista, V. R. and Yadav, N. K. (1992) Effect of
pH on lipid accumulation by an oleaginous yeast: Rhodotorula glutinis 11P-30,
In Microbiology and Biotechnology, Vol. 8 Springer, pp. 382-384.

Keskin, A. and Emiroglu, A. O. (2010) Catalytic reduction techniques for
post-combustion diesel engine exhaust emissions, In Energy Educ Sci Technol
Part A, Vol. 25, pp. 87-103.

Khachik, F. (2007) Process for extraction and purification of lutein, zeaxanthin and
rare carotenoids from marigold flowers and plants, US Patent 7,173,145.

Kim, M. K., Dubacq, J. P., Thomas, J. C. and Giraud, G. (1996) Seasonal variations
of triacylglycerols and fatty acids in  Fucus serratus, VVol. 43 Elsevier, pp.
49-55.

Kim, M. K., Park, J. W., Park, C. S., Kim, S. J., Jeune, K. H., Chang, M. U. and
Acreman, J. (2007) Enhanced production of Scenedesmus spp.(green
microalgae) using a new medium containing fermented swine wastewater, In
Bioresource technology, Vol. 98 Elsevier, pp. 2220-2228.

Krinsky, N. I., Landrum, J. T. and Bone, R. A. (2003) Biologic mechanisms of the
protective role of lutein and zeaxanthin in the eye, In Annual review of
nutrition, Vol. 23 Annual Reviews 4139 ElI Camino Way, PO Box 10139, Palo
Alto, CA 94303-0139, USA, pp. 171-201.

Malisorn, C. and Suntornsuk, W. (2008) Optimization of beta-carotene production by
Rhodotorula glutinis DM28 in fermented radish brine, In Bioresour Technol,
Vol. 99, pp. 2281-2287.

Mandal, S. and Mallick, N. (2009) Microalga Scenedesmus obliquus as a potential
source for biodiesel production, In Appl Microbiol Biotechnol, Vol. 84
Springer, pp. 281-291.

Meng, X., Yang, J., Xu, X., Zhang, L., Nie, Q. and Xian, M. (2009) Biodiesel
production from oleaginous microorganisms, In Renewable Energy, Vol. 34
Elsevier, pp. 1-5.

Miao, X. and Wu, Q. (2004) High yield bio-oil production from fast pyrolysis by
metabolic controlling of Chlorella protothecoides, In J Biotechnol, Vol. 110,
pp. 85.

Miao, X. and Wu, Q. (2006) Biodiesel production from heterotrophic microalgal oil,
In Bioresource Technology, Vol. 97 Elsevier, pp. 841-846.

Mohammed, A. A. and Shafea, A. A. (1992) Growth and some metabolic activities of
Scenedesmus obliquus cultivated under different NaCl concentrations, In
BIOLOGIA PLANTARUM, Vol. 34 Springer, pp. 423-430.

Ozkurt, 1. (2009) Qualifying of safflower and algae for energy, In Energy Educ Sci

91



Thecnol Part A, Vol. 23, pp. 145-151.

Papanikolaou, S., Komaitis, M. and Aggelis, G. (2004) Single cell oil (SCO)
production by Mortierella isabellina grown on high-sugar content media, In
Bioresource Technology Vol. 95 Barking, Essex, England: Elsevier Applied
Science; New York, NY: Elsevier Science Publishing Co., 1991-, pp. 287-291.

Rao, A. R., Dayananda, C., Sarada, R., Shamala, T. R. and Ravishankar, G. A. (2007)
Effect of salinity on growth of green alga Botryococcus braunii and its
constituents, In Bioresource, Vol. 98 Elsevier, pp. 560.

Renaud, S. M., Thinh, L. V., Lambrinidis, G. and Parry, D. L. (2002) Effect of
temperature on growth, chemical composition and fatty acid composition of
tropical Australian microalgae grown in batch cultures, VVol. 211 Elsevier, pp.
195-214.

Renaud, S. M., Zhou, H. C., Parry, D. L., Thinh, L. V. and Woo, K. C. (1995) Effect
of temperature on the growth, total lipid content and fatty acid composition of
recently isolated tropical microalgae Isochrysis sp., Nitzschia closterium,
Nitzschia paleacea, and commercial species Isochrysis sp.(clone T. ISO), In
Journal of Applied Phycology, Vol. 7 Springer, pp. 595-602.

Richardson, B., Orcutt, D. M., Schwertner, H. A., Martinez, C. L. and Wickline, H. E.
(1969) Effects of nitrogen limitation on the growth and composition of
unicellular algae in continuous culture, In American Society for Microbiology,
Vol. 18 Am Soc Microbiol, pp. 245-250.

Richmond, A. (2008) Handbook of microalgal culture: biotechnology and applied
phycology, Wiley-Blackwell.

Roberts, R. L., Green, J. and Lewis, B. (2009) Lutein and zeaxanthin in eye and skin
health, In Clinics in dermatology, Vol. 27 Elsevier, pp. 195-201.

Saenge, C., Cheirsilp, B., Suksaroge, T. T. and Bourtoom, T. (2011) Potential use of
oleaginous red yeast Rhodotorula glutinis for the bioconversion of crude
glycerol from biodiesel plant to lipids and carotenoids, In Process
Biochemistry, Vol. 46 Elsevier, pp. 210-218.

Saidur, R. (2010) Energy, economics and environmental analysis for chillers in office
buildings, In Energy Educ Sci Technol Part A, Vol. 25, pp. 1-16.

Sandnes, J. M., K'1lgvist, T., Wenner, D. and Gislergd, H. R. (2005) Combined
influence of light and temperature on growth rates of Nannochloropsis
oceanica: linking cellular responses to large-scale biomass production, Vol. 17,
pp. 515-525.

Semba, R. D. and Dagnelie, G. (2003) Are lutein and zeaxanthin conditionally
essential nutrients for eye health?, In Med Hypotheses Vol. 61, pp. 465.

Shi, X. M. and Chen, F. (1997) Stability of lutein under various storage conditions, In

92



Food / Nahrung, Vol. 41 Wiley Online Library, pp. 38-41.

Somashekar, D. and Joseph, R. (2000) Inverse relationship between carotenoid and
lipid formation in Rhodotorula gracilis according to the C/N ratio of the
growth medium, In World Journal of Microbiology and Biotechnology Vol. 16
Springer, pp. 491-493.

Stahl, W. and Sies, H. (2003) Antioxidant activity of carotenoids, In Molecular
aspects of medicine, VVol. 24 Elsevier, pp. 345-351.

Suh, I. S. and Lee, S. B. (2001) Cultivation of a cyanobacterium in an internally
radiating air-lift photobioreactor, VVol. 13 Springer, pp. 381-388.

Tukaj, Z., Matusiak-Mikulin, K., Lewandowska, J. and Szurkowski, J. (2003)
Changes in the pigment patterns and the photosynthetic activity during a
light-induced cell cycle of the green alga Scenedesmus armatus, In Plant
Physiology, Vol. 41 Elsevier, pp. 337-344.

Westhuizen, A. J. and Eloff, J. N. (1985) Effect of temperature and light on the
toxicity and growth of the blue-green alga Microcystis aeruginosa (UV-006),
In Planta, Vol. 163 Springer, pp. 55-59.

Williams, P. J. B. and Laurens, L. M. L. (2010) Microalgae as biodiesel & biomass
feedstocks: Review & analysis of the biochemistry, energetics & economics,
In Energy & Environmental Science, Vol. 3 Royal Society of Chemistry, pp.
554-590.

Woodall, A. A., Britton, G. and Jackson, M. J. (1997) Carotenoids and protection of
phospholipids in solution or in liposomes against oxidation by peroxyl radicals:
relationship between carotenoid structure and protective ability, In Biochimica
et Biophysica Acta (BBA), VVol. 1336 Elsevier, pp. 575-586.

Xue, F., Miao, J., Zhang, X. and Tan, T. (2010) A new strategy for lipid production
by mix cultivation of Spirulina platensis and Rhodotorula glutinis, In Appl
Biochem Biotechnol, Vol. 160 Springer, pp. 498-503.

Xue, F., Zhang, X., Luo, H. and Tan, T. (2006) A new method for preparing raw
material for biodiesel production, In Process Biochem, Vol. 41 Elsevier, pp.
1699-1702.

Zhang, P., Yuan, M. and Wang, H. (2007) Study on Dissolved Oxygen Control
Method Based on International Evaluation Benchmark, In Information and
control, VVol. 36, pp. 199.

Zhu, L. Y., Zong, M. H. and Wu, H. (2008) Efficient lipid production with
Trichosporon fermentans and its use for biodiesel preparation, VVol. 99
Elsevier, pp. 7881-7885.

93



i

" A

(a) Pure culutre

Biomass (g/L)|Cell counts ( cells/ml)|Cell counts ( cells/L)| Weight ( g/ cell)
Yeast 11.1 9.21x10® 9.21x10" 1.21x10"
Algae 1.97 2.08x10° 2.08x10° 9.47x10°

J& (a) Mono-culture ¢ ¥ riz- 35 )

¥ £ % T g Algae & Yeast chiz € 7 0 4% (b) Coculture o -

(b) Coculture

Algae/ Yeast chiz & 1+ ) & 78.6 - Jhu %

Experimental | Biomass | cell counts (cells/ ml) |- Algae # & = Yeast| Biomass (g/L)
condition (o/L) yeast algae 2 )k Yeast | Algae
Pure yeast 111 | 9.21x10® - - - -
Pure algae 1.97 - 2.08x10° 1.63x10° - -

Mixed culture | 10.27 | 5.62x10% | 2.50x10’ 1.97x10° 228 | 7.99
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i B.1

Methyl tetradecanoate (C14:0) # % & & 4t

1.6e+6

1.4e+6

1.2e+6

1.0e+6

8.0e+5

Peak area

6.0e+5

4.0e+5

2.0e+5

0.0

| y = 748255 x
RZ =0.9976
0.0 0.5 1.0 1.5 2.0

C14:0 Concentration (g/l)

Methyl tetradecanoate (C14:0) % & & % > #25%:

Peak area=748255x(C14:0 Concentration)
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Methyl palmitate (C16:0) & & 4
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0.0
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Palmitoleic acid methyl ester (C16:1) % & %
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Linoleic acid methyl ester (C18:2) 1% & & &
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Linolenic acid methyl ester (C18:3) & & & 4
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4 C
E & 7 (Lutein)is £ 3

16
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v =4E-06X
*=10.9996
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—
—

one. (mg/L)

L=
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-
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.
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0.E+00 1. E+06 2EHG 3 EHDG 4 EHIE
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# ¥ % (Lutein)}& £ 52~ 42.5% : Concentration(mg/L) = 4x10°xArea
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B-#* ¥ § % (P-carotene)ts ¥ s
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4k E

% 4-16 & 9 2% Sz R.glutinis &2 S. obliquus Fj#ic2 vt 2

Culture condition

Cell count after 96 hr. (cells/mL)

Ratio

Yeast Algae (‘Yeast / Algae)
Effect of
mixed culture
Pure yeast 9.21x108 -
Pure algae - 2.08x10°
Coculture 5.56x10° 3.33x10’ 17
Effect of ratio of
yeast and algae
1:8 5.56x10° 3.33x10’ 17
1:41 6.55x10° 2.75x10’ 24
Effect of KNO;3 (g/L)
0.50 7.84x10° 1.83x10’ 43
0.75 7.02x10° 2.10x10’ 33
1.25 5.56x10° 3.33x10’ 17
1.50 4.61x10° 2.20x10’ 21
2.00 6.08x10° 2.23x10’ 27
Effect of KNO3/
(NH4)2S04=5 (g/L)
1.25/0.25 6.77x10° 5.33x10’ 14
05/0.1 9.95x10° 5.00x10’ 19
Effect of Yeast Extract
added or not
1.25 g/L KNO3
YE 5.56x10° 3.33x10’ 17
No YE 5.59x10° 2.25x10’ 25
0.5 g/L KNO;
YE 7.84x10° 1.83x10’ 43
No YE 4.68x10° 1.25x10’ 37
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(B T)

Effect of glucose (g/L)

25 7.84x10° 1.83x10’ 43
35 8.27x10° 3.21x10’ 26
50 7.44x10° 2.13x10’ 35
100 7.00x10° 8.75x10° 80
Effect of NaCl (g/L)
0 4.68x10° 1.25x107 37
0.05 4.55x10° 1.50x10’ 30
0.1 3.61x10° 1.50x10’ 24
0.2 5.34x10° 2.88x10’ 19
Effect of 0.05 g/L NaCl
adding time (hr.)
0 4.68x10° 1.25x10’ 37
24 5.34x10° 1.42x10° 38
48 5.06x10° 1.17x10’ 43
72 5.90x10° 1.75x10’ 34
Effect of initial pH
6 5.56x10° 3.33x10’ 17
7 6.85x10° 1.54x10’ 44
8 6.20x10° 1.71x10’ 36
Effect of temperature (°C)
22 1.04x10° 1.00x10° 10
24 5.56x10° 3.33x10’ 17
26 4.95x10° 3.27x10’ 15
Effect of light intensity
(umol/m?s)
47 4.68x10° 1.25x10’ 37
86 7.03x10° 2.08x10’ 34
115 6.89x10° 1.25x10’ 55
Effect of baffle
Without 5.56x10° 3.33x10’ 17
With 7.56x10° 1.67x10’ 45
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e F

2417 2 RmFEDAZSFFTE D RAIF N REEAFLVR
.. Biomass Total lipid Total lipid Yield
Culture condition QL) QL) content (%) @)
Effect of
mixed culture
Pure yeast 11.1+£044 1.777+£0.278 16.00 £ 2.21 0.071
Pure algae 20+£0.06 0.370 £ 0.015 18.71 £ 0.22 0.021
Coculture 14.1+0.07 3.594 + 0.250 25.57 + 1.65 0.120
Effect of ratio of
yeast and algae
01:08 14.1+£0.07 3.594 +0.251 25.57 £ 1.65 0.120
01:41 16.1+1.63 4.235+1.235 28.85+ 2.77 0.139
Effect of KNO;s (g/L)
0.5 13.3+0.85 3.392+0.187 25.53 + 2.47 0.136
0.75 13.2+0.14 3.190+0.111 24.22 +1.10 0.128
1.25 14.1+£0.07 3.594 +0.251 25.57 £ 1.65 0.120
1.5 12.4+0.44 3.150 + 0.536 25.33+2.48 0.126
2 11.6+2.01 2.960+ 0.637 25.37+1.41 0.119
Effect of KNO3/
(NH4)2S0O4=5 (g/9)
1.25/0.25 13.8+0.38 2.675+0.166 19.32+0.73 0.105
05/0.1 13.5+0.75 2.523 +0.097 19.19+ 0.01 0.101
Effect of Yeast
Extract added or not
1.25 g/L KNO;
YE 141+ 0.07 3.594 +0.251 25.57 £ 1.65 0.120
No YE 10.2+ 040 2.675%0.166 19.32+0.73 0.117
0.5 g/L KNO3
YE 13.3+0.85 3.392+0.187 25.53 £ 2.47 0.136
No YE 8.27+0.00 2.885+0.299 34.90 £ 3.58 0.147
Effect of
glucose (g/L)
25 13.3+0.85 3.390 + 0.187 25.53 £ 2.47 0.136
35 144+0.36 4.326 £ 0.889 30.02 £ 5.94 0.155
50 15.1+1.04 5.952+0.392 39.34+1.05 0.238
100 140+ 0.25 5.067+0.171 36.29 + 1.64 0.323
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Effect of NaCl (g/L)

0 8.23+0.30 2.885+ 0.299 34.90+ 358 0.147
0.05 8.07£0.35 3.272+0.120 40.64+292 0.207
0.1 7.63+0.40 3.129 + 0.149 41.02+1.62 0.176
0.2 7.40 £ 0.30 2.818 + 0.277 38.03+2.34 0.151
Effect of 0.05 g/L
NaCl adding time
(hr.)
0 8.07+0.35 3.272+0.120 40.64+2.92 0.207
24 8.97+0.12 2.722 + 0.053 30.36 £0.83 0.118
48 9.57+0.35 2.960 + 0.243 30.92+1.74 0.131
72 9.27 £ 0.25 2.936 + 0.848 31.63+8.65 0.129
Effect of initial pH
6 13.33+0.85 3.390 + 0.187 2553+ 247 0.136
7 11.87 £ 0.45 3.540+0.131 29.91+190 0.166
8 11.63+0.31 2.870 + 0.869 2456 +6.90 0.125
Effect of
temperature (C)
22 10.57 £ 0.76 3.730+1.013 36.77 +12.87 0.148
24 14.05 + 0.07 3.590 + 0.251 25.57+1.65 0.120
26 10.43 £ 0.15 3.430+0.158 32.94+1.97 0.146
Effect of
illumulation
Without 6.67 £ 0.15 1.440 + 0.330 21.31+4.67 0.066
With 14.05 £ 0.07 3.590 £ 0.251 25.57+£1.65 0.120
Effect of light
intensity (umol/m®s)
47 8.27+0.12 2.885 + 0.300 34.90+ 358 0.147
86 8.87 £ 0.58 2.213 + 0.580 2525+ 7.98 0.106
115 9.20£0.40 2.161 + 0.405 23.59+500 0.103
Effect of Baffle
Without 14.05 £ 0.07 3.590 + 0.251 25.57+1.65 0.120
With 10.53 £ 0.50 1.450 £ 0.368 13.68 £ 3.02 0.058
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R. glutinis 2_ 7 f¥ 32 & A (Fermentor medium > FM) e = % R. glutinis i& {7 f&+
BEBMRY2ZRBARA AEBRPIEHY LEEEE R ACCM)EE o

% 4-18 R. glutinis 2_ % f%#2 % # (Fermentor medium » FM)

Components Concentration(g/L)
Glucose 30

Yeast extract 2
(NH.),SO04 2

KH,PO4 1

MgSO; + 7H,0 0.5

CaCl, - 2H,0 0.1

NaCl 0.1

108



fﬁ&ﬁ)ﬁ-

e Z ¢ ME4E (Lijuan Chen)
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