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Abstract

Rhodotorula glutinis (BCRC 22360) is an oleaginous yeast that can accumulate

copious quantities of lipids. R. glutinis grew fast to obtain high biomass concentration,

and comparable with plant seed oil, therefore it is all potential alternative oil resources

for biodiesel production. This investigation used different fermentation strategies to

enhance the growth of R. glutinis and accumulation of oil, thereby increasing overall

oil productivity.

In the flask batch experiment with glucose as the carbon source that is easier on

the cell growth and fat accumulation. Under conditions of high dissolved oxygen (low

medium volume or high shaking speed), irradiation and 24~30°C, will contribute to

cell growth. On the contrary, under conditions of low dissolved oxygen (high medium

volume, low shaking speed), no irradiation (dark), higher carbon concentration, lower

nitrogen concentration and 24°C, will contribute to fat accumulation.

From the batch (change initial glucose concentration, dissolved oxygen control,

two-stage dissolved oxygen control and light intensity control) and fed-batch (change

glucose concentration, two-stage dissolved oxygen control and three LED light source

irradiation, the strategy are two-stage dissolved oxygen control with one feeding and

three LED light source irradiation with continuous feeding, can obtain better results.

In the microbial oil productivity and the commercial point of view, the three LED
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light source irradiation with continuous feeding strategy will more beneficial to

follow-up research and development. Results of the three LED light source irradiation

with continuous feeding strategy could lead to the highest cell growth rate of 0.88

g/l/hr and the good average lipid content of 54.59%, then got better oil productivity of

0.39 g/l/hr.

In addition, the main composition of the microbial lipid from R. glutinis were

oleic acid (C18:1) of 50~60%¢ and palmitic acid (C16:0) of 20~309, which was

similar with that of vegetable oil.

Keywords: R. glutinis ~ microbial oil ~ impact factor ~ fermentation strategy
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% 2-1 Oil content of some microorganisms (Xin Meng et al., 2009)

Microorganisms Oil content Microorganisms Oil content
(% 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 Lipid composition of some microorganisms (Xin Meng et al., 2009)

Microorganisms Lipid composition (w/total lipid)

Cl16:0 Cl6:1 C18:0 C18:1 C18:2 Cl18:3

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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% » BERAE D H e R

RSB E A M AT R RAE T LA R RS I ER G R 0 1B A LA

WEE(C18:1) ~ BB (C18:2) ~ 4B (C16:0) Azt b B8 (C16:1) A £ (% 2-2) »

AP Afefo s s mbaaE8s RFEXREL > FLYE BT RAK

Rhodosporidium toruloides Y4 #a R. toruloides CBS 14 Fi B #5049 kAR5 Wi B £ 2 b,

&8 Cl16 v C18 Ai#& s (Evan CT. et al., 1984) - &1 > 4. XEKEF A A EARE

ATi8 E Rk B9 F R R 38 %K Rhodosporidium toruloides Y4 » f£38 % 25 X2 4% » A

B ta B BS E A& R T2 3] 151.5 g/l F» 48.09%(w/w)(Li Yonghong. et al.,

2007) (& 2-3) - %4k & #—Mortierella alliacea Strain YN-15 £& 50-L &4 28 B2 4% J 33

HEFTREG AMENEARE S A TED 461140 195g/1> A H 7.1g1
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& BUFE A& v M B (ARA,C20:4n-6) &9 75 X, AR A8 £ #% (Takeno Seiki. et al., 2005)(

2-3) o AR A S OARBT o B SRR O B B MR VB 4R B A SR 0 R R

Bz R o

2-3 A :Rhodotorula glutinis Z 3% fEIRIEHRE BB ; & :Rhodotorula
glutinis Z Sl BRI K E E

24 HAEE
RSN AEMTY  BERAAAES N EE c BERAMEY - BAONEF

HE»Rapry MEABRSHRKRE  AAEHRR ZRBAEGRS > BT
AR B BIRRNBER wERMERREERT LRGN FAARFE (XueF
et al., 2006) -
2.4.1 ## 1 & —Rhodotorula glutinis

Rhodotorula glutinis BB FRMM A X — > LENBLRN 8 L

PSS AN EFEE T - WHEEWEIEF - FER MBI BT

9



T o e LBEHTUGAENEEEME  wiiE - Lo BHHEMHBAR L
BEAMY S ABF CBBLIREFANBEFASEL - b KK
T AR B

Rhodotorula glutinis tafath R LEAM X IPEL » T8RS S HFHA > B
Bt o BRBEHEBEORN > AR 20:30CHREMEeERE T (B 2-4) -
IR X BK4E & 0 Rhodotorula glutinis #E R iE T2% A Layihhs » 24 &
B-carotene #) HE#kz — » K B-carotene B A FE EILAALE h2k 0 AEdr Bl AR

Fooph T ERAG AR > RALFRAEHITHRER S -

@) . 1 (b)

" -
-
B
. .

E

2-4  (a) AR LM, B 400 12 TF AT 2 2] Rhodotorula glutinis & 4= f,
AE ZRBRIPEA 5 (b) A RAE X FABME(FH I Nilered) » 42 400 £
P32 5| Rhodotorula glutinis &) %a f 38 &, 2 4 &,
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25 WAEME BB
—M T o A Y E e R 5T 5 & %34 (C. Ratledge, 2004) :
L fe&uititmin s T & & IS W5 Bk A& B2 £ A7 & 04 AT Be 4 —acetyl-CoA -
IL s bR LRSI B & A BA T AT % 4938 R %] —NADPH -
LU 4% 15 i acetyl-CoA B NADPH #4 4 stk 41 :
acetyl-CoA
. %5FBRAZ > tafp AMPdeaminase 7ZMH > WA RBSYRA LM A
(e
I. FE3% AMP deaminase 7EPEEF; > e Y SL K47 5% P o) AMP B T /% o
AMP—inosine 5’ —monophosphate + NH3
III. &% AMP ;& & TF % » isocitrate dehydrogenase 7,3 ¥ 1% 1k € 4F -
IV. isocitrate dehydrogenase #94% 1k » i sy isocitrate & k4% /X 3%t m B3 %
Aconitase #1 citric acid £ gx, 47
V. st citrate 45 LA 2B VSRIZEE N > ™ B $8Y citrate N 48 i E 14 0 A&
ATP:citrate lyase 787 # £ T acetyl-CoA #v oxaloacetate °
Citrate + CoA + ATP—acetyl-CoA + oxaloacetate + ADP + P;
NADPH
4% &g malic enzyme ] 44 NADPH:
Malate + NADP "' —pyruvate + CO,+NADPH

11



U EXFHAETHE 2-5 &ZT:

MITOCHONDRION
CYTOSOL esose
glycolysis
vate
pyruvate c 02+ AT P pyru
CO,
ADP+Pi
‘transhydrogenase 1
3 oxaloacetate 1
cycle : NADH
v
malate MAD acetyl-Coll
NADP'
NADPH
acetyl-CoA . citrate citrate €— 3
‘citrate/malate
oxaloacetate 7 oxaloacetate
LIPID . cycle’ , f
BIOSYNTHESIS malate I p malate —*=

2-5 A scheme to show how the citrate/malate cycle and the cytosolic
‘transhydrogenase’ cycle could provide sufficient precursors of acetyl-CoA and
NADPH for lipogenesis in oleaginous microorganisms. Enzymes:1,pyruvate
decarboxylase; 2, malate dehydrogenase; 3, malic enzyme; 4, pyruvate
dehydrogenase; 5, citrate synthase; 6, ATP:citrate lyase; 7, citrate/malate translocase.
Net carbon balance: pyruvate — acetyl-CoA + CO,. Net reaction for NADPH
production: NADPH+NADP"+ATP — NAD'+NADPH+P;. The transhydrogenase
cycle can operate independently of the carbon flux from citrate in the mitochondrion
to acetyl-CoA in the cytosol and consequently can provide all the the NADPH needed
for both fatty acid biosynthesis and fatty acid desaturation and elongation reactions.

(Colin Ratledge,2004)
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HEAULE > THE 2-6 & TFEEHE (BSHEE) 8 R H:

ENDOPLASMIC RETICULUM 16:0 — elongases and desaturases —p | CPUFA

CYTOSOL

glycolysis — glucose

( CMT ] MITOCHONDRIAL MEMBRANE
malate MITOCHONDRIAL MATRIX
TCA cycle

Bl2-6 A diagram to show the organisation of a hypothesised lipogenic metabolon.
The flux of carbon from the mitochondrion, via citrate efflux and acetyl-CoA
formation in the cytosol. thence into fatty acids and finally into chain PUFAs
(LCPUFA) occurring in the membranes of the endoplasmic reticulum, is shown by the
continuous lines. The system uses pyruvate (from glycolysis) as the provider of
intramitochondrial acetyl-CoA and for citric acid production as is shown in [§2-2 but
which is not repeated here for clarity. OAA:oxaloacetate; AC-CoA:acetyl-CoA;
Mal-CoA: malonyl-CoA; FAS: fatty acid synthase; ACL:ATP:citrate lyase; ACC:
acetyl-CoA carboxylase; CMT: citrate/malate translocase; ME: malic enzyme; PC:
pyruvate carboxylase; MDH: malate dehydrogenase. The ‘yellow’ enzymes from the
citrate/malate cycle while the ‘purple’enzymes represent the cytosolic

transhydrogenase cycle. (Colin Ratledge, 2004)
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26 BEMAEHHEAERT

MAEY BB IEe A EMS] > TR RFOFAR > RBEBRIE S > LML
B R (E BME ~ b~ AT )@ A48 # SR (peptone ~ (NHy),SO4 %) % 2] TR
P T o FAE R A0 E A B BN miF o Bk AN KL RH
s % 3% % & F 5 &tk (carbon-to-nitrogen ratio)Fo B4 B % > hoiB E - pH & -
BRE - BABRMERE
2.6.1 HEHF
2.6.1.1 33%ER

M35 R0 QAT S MMAE D ERIEE T ARBE F — & @
B A& K #7 (Growth phase) » BB RS MAMH AR ER GAEREE T ;
% =k 8% AR5 B & m 47 (Production Phase) » 5 a R A% 7L B2 b B 46 & > B M)
BMEFERZBNARN > SR e kr SHEN  FLMAEM G BT H BN
BAE Bym RARAER o
2612 BE

FEAREERAMMBE  MAMBEABRS RIS ERZ £ EAES - R
FEARBOBIRT  MAEMA T ZHERER > MY T REaf g R 4 R o R
HEXRRAE > AEREEFA RS AN ARE T MARLSENBRET R B
TERBEATL > HTRERBE A R B A B AR B M % B W A A R A RARHE -

BEAGEMAENER - BEHEARR S AT BB ROERZRT - &

14



SRABE TR EepARRE AMRSEVEEIFE 2EBESN BT

A#| Rhodotorula glutinis 89 % & > MBEARN 20C > A A KRR FFFELE

b ERAMKBENBRBE ML

2,613 pH4&

RARNBMRAEELALE TRARARADWNBERE  URHMAMGE R

EERERARAFHMOBEIRE M3k A T pHENRSLeE E@BRig

BT P47~ tm B th BB M R e B R 0 S A 4R ar BB o ARIE XBK3E B > Rhodotorula

glutinis BB BEMEMIIRIET @ AR IF B 584 A54 EJohnson V. et al .,1992) -

2614 %REE

R EER T 075 FUR B (Dissolved Oxygen, fj#§ DO) #4144 04 & K Ao £ 4 4

WRAZEZNBE - AEBNBREY  LAMLEIHRAEEZRA BRI AREY

WA R FEHNRHAEY - AR ARARAREREYARZITAERREY

BRERO DO BEBYEMANZIBETNEE RARBRENMEE - FEEERE

belo

PoAMERRRERSEBRTEBRANRERRRERNEDE - HRER
HEBNPEREWHRALAZR HAEASLAEAEEHA £F 69 % & (Zhang
Ping et al., 2007) -

Rhodotorula glutinis J§ 7> EH T AW » £ ER KR T REFERT S
REE A BN S Rhodotorula glutinis &9 % ik % > AR 35 Xk $5 1 » Rhodotorula
glutinis £ 5 A B HAZRAT » BATEN AR 35K 2 84 105 BRIRE AR

15



100~110 g/1 X g# 7+ %] 185 g/l(Pan JG. et al., 1986) ° j#F 75 £7B B4 25 um 32 5 2|
234 pm ¥ Rhodotorula gracilis 245058 »r mVE#R3t > R E 5 =3 8905
W £ R REIZBET B HE 6 R 4ade E(S. Y. Choi. et al,, 1982) -

2,615 #%

AR B EGLE  BEDETHMOERIER » B4 KR
REZANERHE > FRALHY  LARBE R LGB ERRORS plote
% % Spirulina platensis R #3840 % &) £ % & £ R ¥ 4% % % (Danesi ED.G.  etal,
2004 ) -

HFRAHNR BRGNPV ELABREER > &K F LGB F A & Aspergillus
nidulans ¥ % 38,4 % %40 % (phytochrome) @ 4 X BB K & A RJE > L2 4
AFE RAT R ATE > T F H R BB AL R] @47 A M A& 78 (Anne Blumenstein et
al.,2005) * M % — 18 % % 84 5] F %t & &y Neurospora crassa ¥ 52K E A0 #ER
% White Collar I(WC-1)& VIVID » £ 2#j5h e RAH MR E G Y 094 M2 -
145 BB B B ug o0 %) A R 5] 8918 48 (Borkovich K.A. et al., 2004 ) °

HAFT LS H BB ARE » 4o Penicillium brevicompactum  ~ Aspergillus
nidulans % R 38, > 3 I GAE M AENE L AE H R 4 R T AT A &9 AER » (24858
BEZTR  FHERNEEEEANRE  AEmiEe T R s kENR

SE M E R
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2.6.2 {2 HF

2.6.2.1 = RFe FR

HEMAMAERREZOR FEGM AL AR B AR T ARELE

R BB IR RUR R M A IR E A2 B w B 4% - R0 SURZERAE

D6 R E QRS 0 BAESIREH MR RSB FELT > AN BN

50 AT RN RS B RS o B ok o BIEEE 05 R RURRIT A R AS

HEFRAAGEZEINGE IO ELMEE - AL P IR RLASE AN S

LR Fo RS BF B 0 & & 5 Mek RULLBUVIRET > R AR E BAasR B D 2 E R

RS R E A -

2.6.2.1.1 &R

B R AR B E RO AE B AR F R AL T RIR 0 T R bm B RAT

MAER ERXAREBSHEHARANFBEVLER BARESHLBRANE

FREBHE - RBEXRIE S - AL HEFEFR A H Kb T o) el 2

M~ RE 84 E 2 R BREALRAE SR 0 # Rhodotorula glutinis * % i s RIAH #

K FREATIRGT » DA 2R A B A Ao R R 81 R F R % ] %8 (Saengea C. et al.,

2011)

2.6.2.1.2 £R

ARAERAEEGE MBI ELE  — KM RRERIRE AR

FIEReE  RRMEET A (DEK IR FlloszB R 4o R0 EHEE0 R

17



Lg% ~ BREE — R 4% ~ R BRAR ~ BRERSRE S (2) 25 89 A #4 BUR 9] 4w Yeast extract

® L4~ AF -~ peptone F e

2622 SMBIREAK

Bt RE ERB T B AT ERNA E S H BN S RETE ZA

L B o3 25 AR R ERGFA@BOEEZIEE T wiiiEYE

B bsib & B 5§ AR taf0 B B A & R o RIEBRIE th 0 38R P ey aht

(C/P) » & A #:%% 3] Rhodosporidium toruloides Y4 Z #&Hs '8 #9% = (Siguo Wu et

al., 2010) -

B AN EREERE - B AURBELE — R ARE

R T RAREBRARGTFZ—  THREIRAREELE T PHER &

AAEEMBEARRTZ— REARBIEEEEZ EPA 890 F58 AR T > 522

B E A 2 8] 4 R e R S BE TR AR 0 DA M A TR M o B o

27 BWMAEMBERESEREN S

271 R AEWHREEEE

WMRBEBEARL AN L BEEES L AR R I HREBEALE —BEEN A

HBE R RENIBEREY  BAMAEYRAERTIERL  ABEAHM EBELZ&K

BA BN R E AT IR AT AT R R R LB BN R R e i T4

RAME L BT AR S BT ARRFRTIRE L4 2R FRIK - 28R

BERFRELEARS  HNA R WARALEZRG -
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272 SHBRAE DB IERE

R B R B AR BB P R R NIRRT Tk XAEF

18 48 %5 B (semi-fed-batch) » & —F N AR 2 E X B BB EEEEF X - 854

RAEMRFTREBOHH TR ARARAXLERBREE T AT REMRE -

BRI R EE > AN TAAE KRB AT REMPTERAIPHFIAL > B TRE

MRS E R R 2R A B R AR SR B ARR AT A TR e 5 4

WmEREBEMEER -

273 RPREEARS

HihE — g Bitth > BHAADREEIEEER - RS EIT A RR AN F

— 5B fm e & & #7 (Growth phase ) 85 > 2 - m o sk R ATE H 09 3R 3IE » WiE A F ~

BE DI % > UARGEAMTERKNEIGM  BTALAREL  BFEAK=

& FX A5 B A ax 28 (Production Phase) @ # A B2kt RS #51E 230 0 o st RIBE

/7&;1% SR #ﬁ/i‘ ’ *ﬁxﬁ(?%fﬁi#@zﬁ?ﬂa °

ARYE EAFE 0 A R R .32 & Rhodotorula glutinis ¥1 B ¥ R [F) 44 55 B

F ik o do B — &4 T 3 4832 & Rhodotorula glutinis VEtL 3% > 33 RS BRI K4 X,

fE4Esa 1/4 2] 1/3 ey 25 B2e5R] > WA AR E AE3 Aw 20~30% » MK T 60~70%

BRERALE » B IF L RS L AT 4TH se e AN T ¥ & 42 ¢ (Hua Yeet al.,

2010) -
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R=F HHATE
3.1 FmAH

311 #H#%k

AR B PR A 89 B Ak Rhodotorula glutinis » X # B £ ¥ B REF AR T

( Bioresource Collection and Research Center ) > #4358 - BCRC 22360 > & &

RRFE R A FHL 5 R o AR AT R AR

3-1 Rhodotorula glutinis {& agar plate b % 9N,
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312 K®mBE R

¥ X4 R4 o

HEE Glucose ROQUETTE
PEE Molasses =%+

Hh Glycerol SHOWA

7K M By Starch soluble Riedel-deHaén
BB A Yeast extract DIFCO BD
TR 5% Ammonium sulfate SHOWA

B 4% Magnesium sulfate heptahyrate SHOWA

BB — 54T Potassium dihydrogenphosphate SHOWA
AAL45 Calcium dichloride dehydrate B T ALK 8
afeén Sodium chloride SHOWA

B B Hydrochloric acid Scharlau
AN Sodium hydroxide SHOWA
W ¥ Potassium hydroxide SHOWA

¥ B2 Methanol ECHO

Ay Chloroform ECHO

= a4t Boron trifluroride diethyl etherate, Alfa Aesar

98%

EKR n-Hexane, 95% TEDIA

N 3P RS Methyl tetradecanoate, 99 % Alfa Aesar
FEARBR F B Methyl palmitate, 97 9% Alfa Aesar
A o B F B Palmitoleic acid methyl ester MP Biomedicals™
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#E fg B F B Methyl stearate, 999 Alfa Aesar
BEATR)
o BL F A5 Methyl oleate ACROS
98 ik o BR F B Linoleic acid methyl ester MP Biomedicals™
REFMELFE  Linolenic acid methyl ester MP Biomedicals™
3 g Agar DIFCO
YM BROTH Yeast Malt Broth DIFCO BD
3.2 X¥mARB
%32 BREREZFE
& B%H i h A%
EFRF Precisa BJ 100M
CENEE RS R FISTREEM WSC044
A8 7K B A Millipore Simplicity
LRI B ChromTech MS-3250B
pH Lutron PH-206
= R ARRERE TRIDENT EA635
BRBESE HIGH TEN 3BH-24
R B R AR LIAN SHEN LUS-150
b IR XA B AR TRA
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REERS IKA MS1 minishaker
BB o R 3 Thermo GENESYS 10UV
iR A B M Hettich Universal-32R
#) B ME AR YSI 2300STAT

K E N PAN CHUM CT-series
(AT R)

AR R E MISONIX S-3000

B 46 LIAN SHEN LO-150
RERERS DECTA DC300H

7 EAIE Bk HSIANGTAI MCD-2000
FAB R AR Thermo Focus GC

T5 B R T5-8W/D 110V SUN

T B & SUN

LED % MR16-7W

v LI-COR LI-250A

33 a¥FE

331 RBRBEAZG*%

W R AL 5-L B EEAE 2Lk @ R oS B

BREL-EY AT %

AT E TS sboNB ARG Z ABIRE  BRFHME 0 B AR 5L

REMZ AR > B414 pmole photon/s - m” °

332 EMRESW kR

HRARHBBEEAEORET AR KRR KK 660 nm T8l & H K&
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B & ODARMN | BRI Ao N A KAHEE 1 AT - Z4AMR20ml Bk A8

£ 9,000 rpm F & 10 min X EFRBAF AR 0 B NFRAAMBK

B BAE R KA KRS /%%T& BHEBESC—R O MERTREARE KA

60°C kA8t 32 T2 /1 B > RI4F & A8 3¢ F (Dry cell weight, DCW) © 4 &8 85 ] 25 A7

2849 DCW Fuv O.DEEE » BP T 15 & 4%

Concentration(g DCW/1)=0.6525%0.D.¢¢0 nm+0.0434

(FH8% A)

333 RNEBRESHF X

HERREABESE T > AHEoKAER 9,000 rpm FA#S 10 min > HER

B o bk o BR EF &3t AI A YSI2300STAT Glucose analyzer 2% & 8] -

334 BAEHRESTHF ik

FRBUS IR IR 69 B 28 S0 mg Ae N F B2/ R4 (1:2)7% 5 ml s E E & 5

v

RO o A E R M e (ShE S 0 JERBER] 2 min) > KR

FEC] hro F4&daE-oM ik 5000 rpm &0 10 min o Y& F R E BRI CAF

Fx4rm o BB Zim B R oA 3Iml FEE/ABEARERER G > HFATH EBR

BN O60CIE4E 13, 48 hr» H4em AT X T 24 THIE T - M)A RFHASE

ERUSRYAR ST TREERBAETHASAWNISE 2 AR TS E(%,

wiw) > R E 922 (%, WWRLEEMBRE(QLD BT AL AT WRE

(g/1) -
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335 WEBRIH Ik

FREUS R B IR 4 69 82 50 mg > AuA 4ml 0.5N KOH/MeOH 23X % & 5§ %2
B354 0 DR KB A A (hE 5 ERERE 2min) - KEHFER
Bt 1 hr > Bt £ KOH/MeOH % BUk » 24 100°C /kis 15 min 4T £ AL RJE 3%
BB E % 0 AuA 4ml 0.7N HCI/MeOH & 5ml 109 BF3/MeOH » 4 100°C F 7k
B 15min /T FESIERJE - FRELSLHE TS 0 mA lml fafe R E K > ik A
YR » 2.4 hu 2ml n-Hexane > vortex 5 44 L B s B B F A » Bx £ /2 n-Hexane
J& > #|F &.48 & ¥4 (Thermo model Focus GC series) & 28 (E 3-1) o

£4m %4 %4 SEG BP20 (25 mx0.22 mmx0.25 pm) » #4578 & 200°C > 435 1
min % 22 10°C/min 23 £ A8 £ 210°C > #4F 10 min 4 2 16°C/min 2 3% £ 578
£ 220°C » #:4% 22.4 min 4 & X 10°C/min 2 & £ 8 £ 230°C » #4% 5min ;
E4+70 (injector) > /& & 230°C ; R 7RI 5 & KXa#k-F1a:8 5 (FID detector ) » & &
230°C ; #Ei% [ 82 (carrier gas) & R 4. (nitrogen) » JRE 25 ml/mim ° JE 4 k7%
RAGHE By Ll o

HEmBHFRE Y R R AR 0 BIFARES

[
i

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/l1)=Area/785914
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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

(Mi4% B)

B 0.05g ARILIEHE

v

# 8% E A 4 ml 0.5N KOH/MeOH # - 343 &
AR 2 kg (hERS)

A 4

sk 72 2. KOH/MeOH # % > 2& 100°C &5 15
asEiT B ILRE

A4

FRE % #5871 0 /mA 4 ml 0.7N HCI/MeOH
% 5ml 10% BF3/MeOH - £ 100°C F 7% 15
48 0 4T ¥ BERIL R

A4

BRERELEE 0 oA Iml tafe R BK - By
W FUAEERA

A\ 4
Ae A 2ml n-Hexane » vortex 5 4-4% LA 3 BUAS By
L ¥ R

A4

B _E & n-Hexane & > 1 & 548 & #7 5 #1 Hk o

RAB L T

3-2 BERYBE AT XA L AT R B A A B
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34 Ry

341 RGHERSE

W pk B A P o8y Rhodotorula glutinis 2.5 R ¥%¥%% » 3% YM BROTH
(Yeast Malt Broth) /& &3 & A FIb > ERAIEBEEHFHE PR 24T 4% T2hr > IR
0.8 ml Hikfv 0.2 ml & Bt N BT FIHQREEL » AN ACKRERTAE -
342 mhEamn

3421 #EF3x%k % (seed medium, SM)

% 3-3 #HETFmAEA

Compounds Concentration (g/1)
Yeast extract 3.0¢gl

Malt extract 3.0 g/1

Peptone 5.0¢g1

Dextrose 10.0 g/1

& b 3 b fs) Bl B Ak e 32 &R K 0 BF & Yeast Malt Broth (YM BROTH) > £ 1 N HCl

FEPHMEASS -

3422 ek X (fermentation medium, FM)

& 34 FEmAA

Compounds Concentration (g/1)
Glucose 30 ~ 60 ~ 140 g/
Yeast extract 2.0¢g/

(NH4),SO4 2.0 ¢/

KH,PO,4 1.0 g/l

MgSO, - 7H,0 0.5 g/l
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CaCl, - 2H,0O 0.1 g/l

NaCl 0.1 g/

&Rl B R AR ey38 KA sA I NHCL 8% pH {5 4 5.5 Glucose /R AR &
EESNOIES
343 ##

W3z %& 24 hr 2 Seed medium #: £ Fermentation medium ¥ » B2 H & 4

Fermentation medium 109 2 3¢ & -
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35 KEEi4

AR R P 3% &R
A RE M o IRIRE
HBRURRE
Rhodotorula glutinis [ 4,[ 5 o s pas
R o B R B
B
— e
™ 5L A E e wIRIE |:: R R

A EIER L B -k gEl

3-3 B 22 A
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3.6 K3kt

3.6.1 #EpkFHEERLF (flask experiment )

3.6.1.1 32RFRIBE

B R AREE A RRBRETZVE -

1. 77324 SOmlSM 32 &5 > 3% 24 /)\8F o

2. % 50 ml FM 38 &k F A os RIRE & 15 g/l 69 &) B 4%

3. R 10% #HEHSMEELHEFM F -

4. % 24°C ~ 150rpm 22 A4 T 5 A 96 1B 0 24 N BEEE Z AR -

3.612 RARARRZHE

Be) A AREHBR(HEE BT -~ Hoh > AERBRHEAEAE B8 2%

p—

Ar3E A& 50 ml SM 32 & K > 3% 24 /0 o

2. 7 50ml FM 388 F &30 5] B 48 ~ 4B E ~ b ARIEMRGR > R

BB 30 g/l o

3. R 10% #HEHSMEELHEFM F -

4. #24°C ~ 150 rpm ¥ & 45 P12k 48 N 6F -
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3613 BRREZIHE
By AT RARARBA AR REHARAEA RAEZMBEZIVE -
1. AT324 50ml SM 324 K » 32% 24 /\BF o
2. HSOmIFM 324 K & &3] i E & 15304560 g/l th & H#E -
3. R 10% BHEH SMBZE LHFM ¢ -

4. 7 24°C ~ 150rpm 3% & 48 7 3% & 48 /N BF o

3614 HRRREZBE
Bey: HAAAPRARAARRREHARARAEEMBEZIZY -
1. A7324 50ml SM 324 K » 32% 24 /\8F o
2. AS50mIFM 32 2 X P &5 m2-4-~6-~8~10~12g/1 sy 5k » H P
FUIR 4 g, Le 9] & yeast extract : (NH4),SO4=1: 1
3. RX10% BHEHEHF SMBEEZ EHLFM ¢ o

4. #24°C ~ 150 rpm ¥ & 45 P12k 48 /N oF -

3.6.1.5 % FM RBHIHBEF
Bay:Ado IS RREME RN ER S REARARERREY
Z zﬁaﬁ °
Ar3E A& 50 ml SM 324 K » 3% 24 /0% o
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2. &3E % 30 ~ 40 ~ 50 ml FM 32 &% E AT & 69348 F & 50 ml FM 32 & 3
WIEIN A FEIR B IEFR P o
3. R10% BHEHE SMEE L3 FM ¢ -

4. #24°C ~ 150 rpm ¥ & 45 P32 K 48 )\ oF -

3.61.6 HBREZBE
Bey: A h A E AR ER B FHET AR RHAMAE RAEHMAS
e L
1. 77324 SOmlSM 32 &5 > 3% 24 /)\8F o

2. U10% BAEZEHFESMBEZEZS0mFM 25K+ -

3. BATIEAA LA 60 ~ 150 ~ 210 rpm 7 24°C F 354 48 /NBF

3.6.1.7 mRREABBEZIBE
By EdorBRA XY EANlR  REIIBERZA XS HARA R
MEFEEZBE -

AT3E & S0ml SM 324 K » 324 24 /\BF o

p—

2. X10% #HHAEH SMEZSOmI FM 3z £ K+ -
3. # 24°C ~ 210 rpm &4 ik 24 0% 0 BASIB A IR KA 60
rpm > YEEIT K E 48 NBF o
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3618 ARBETIHE
B AR BABREHARAEARAEHBEEZIRYE -
1. A% 50ml SM 3244 > 38% 24 /\oF o
2. R10% BHEHF SMBZS50mFM sz K+ -

3. JERAMBMES 182427~ 30 CH 150 rpm F 3z 4k 48 /NaF o

3619 ARBEZHE
Bo A ARBEHEBARAZHEEZIHE -
1. A% 50ml SM 3244 > 38% 24 /\oF o
2. 10% BB EHSMEZE SOm FM sk F -
3. #24°C~150 rpm &% 4 = % T5 B B35 & % 94.17 pmole photon/s/m?)

Ay 3T A4 P38 48 /B -

362 W|HABBMIRLA (batch)
3.62.1 HEHBRREIVE
Be AR ABREREERATHARA R ZAHAETZLE -
Ar3E A& 50 ml SM 324 K » 324 24 /0% o
2. B 2000 ml FM 324 % - &30 5 A0 & 60 ~ 100 ~ 140 g/l &9 5 B 4%
# S-Lgseig o+ o
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X 10% BHEA SN SMBE 3k FM ¥ 3% A 474 pH 5.5 24 IN NaOH
i pHS.1 > BE 24C ~ mA 2 30% ~BAE 1 vwn F#/TH% -

o B O6~12 NEFERAR 0 B ARER] &5 B 45 2 66 ~ 108 /)N BF o

3.622 ZEHBAEIEXE

BO AT EHN A ETHRARARARRBEEZDE

Ar3E A& 50 ml SM 324 K > 3% 24 /0% o

A 2000 ml FM 3245 > s RIRE A 140 g/l 69 B B 48 > 7> 5-L 3 244
|:|:r o

R10% BHAEHFSMBEEFEFM ¥ £@RAES | vvm 893T8 T » 3
HAFRBAAR(BARMARRLAEZR(GERKEL)R BT
%o BB R E R 25+ 109% ~ 60 + 1096 B v FE A AT H1 (T2 /)
BFLAAT » RRE A 60£109% » T2 /NBFLA4% 0 BB 25+ 10% 484838 %) o
&K A pHS5.5 » 24 INNaOH 3% pH 5.1 > B 24°C F #4732 % ©

HF 6~12 NRRELIFHALARAAZAEARET > BHAFHENA

S

120 ~ 126 ~ 78 /8% «

RBEZHE
Be Mt AREHARAEARARIEEET VY -
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1. AT32% 50ml SM 32 &4 » 38% 24 /N8 o

2. B 2000 ml FM 33 > s0RRE A 140 g/l 6 ) & #8 7 5-L 4L B2 48
|:|:r o

3. R10% BHEBSMEZ EH FM ¢ > &334 =% LED LRGERE
% 2566.6 umole photon/s/mz)iﬁii % LED XR(GE3&E & 3849.9 umole
photon/s/m”) & # 473 % > H3x& A4 pH 5.5 2 IN NaOH 34z pH
51> @E24C~#5a230% @A =Z 1 vvm FE&ITHER -

4. 5 6~12 [BFEUER 0 3SR BFR] &) A 108 ~ 84 /) BF o

3.6.3 #IFXFEEBHIREZA (fed-batch)
3.63.1 ZEHFBRREZIVE
Bey: WA EEHmRRE THERARAZMBEEZIVE -
1. A7324 50ml SM 324 K » 32% 24 /\BF o
2. B # 2000 ml FM 3245 s RRE & 60 g/l 9 &) B %> 7> 5-L B B AE F o
3. &% 500 ml 500 g/l # H 4B 1L s iE 8 F &1 A R -
4, L 10% #HHEEH SM B E Ll FM ¢ > 354 4745 pH 5.5 2 IN NaOH
HEEpHS.1 > BAE 24C ~ BAE30% ~@AE 1 vvm FE4TRE o
5. EEHRMAEIREIRER 0 HAER 0 B BRI L 4L 1020 -

30 g/l -



6. B 6~12 NEFERAL I F B3R L MR 0 SRR &5 A 77~ 120 ~ 132

JNBEF o

3632 MEREZAFEREXRBHZITR

Bay: A A REEBZA TR OEST AAERBHRAEANEY S

1. A% 50ml SM 3254 > 38% 24 /\oF o

2. ¥ 2000 ml FM 324 A » s R0E B A& 140 o/l 49 5 B 48 - » 5-L 38248
|:|:r o

3. Ee# 500 ml 500 g/l B w7 1L d iR ¥ E 8K A w0k o

4. 2 10% BEEHESMBELHEFM ¢ > £ B8RS4 | vwn 9T T > #
HREBAARA(HARAMRRDEZR(BERREL)RELO T
BB AEEFAEO60£10% 0 BN T2 NERAEBEAEE25+10%

HEBMERGH N HERELAZE 60 g/l 32K K4n4 pH

5.5 24 IN NaOH ¥4 pH 5.1 > 8 JF 24°C F #4738 %

5. HO~2 R FEHALARLEZ RBAME ARG A 156 /8-

3.633 R4=% LED BB EEKBHZ B

B &) RS = 5 LED AR BT AR X R e S A 4 4
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(a)

A3 & 50 ml SM 325K > 38% 24 /\iF o

A% 2000 ml FM 32& & > sRIRE A 140 g/l 6 ) B4 > 7 5-L 5 Beqg
c‘a o

Be. 8 500 ml 500 g/l & & 47 1L R ¥ & /4R A 3R

10% #HEBEEH SM#EZ E FM 7 > =% LED RRCEEE A
3849.9 pmole photon/s/m”) & #4732 4 » # 72 /N5 B 46 8 GL 45K 5 3
BB i 30 g/l Hindk f4nds pHS.5 24 INNaOH 384 pH 5.1 >

BE24C -~ B8 7 30% @A E ] vvm F#ATHRE °

belo

B 6~12 /BB 0 3R A 144 B o

(b)

34 (a) MREBEEE (b) BrhtREE K BB (BMRSRA 500 g/l

glucose)




3-5 BRAEERT I MREEEL EE

3-6 RBEARTZHMBAKE




3-8 M=% LED AR T X EGEMMREELER

FwmE SRAHTH
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4.1 Rhodotorula glutinis 2 Bs B & o ¥ & £

BARHENEE P CHERIFZ R glutinis BCRC22360 #7% 2 Bs B B 48 7R, 5~

#r o A4 Bong Kyun Kim #(2004) A7k @16 R 6938 R 238 & » IR A A 30 24

B3 335 X RIS ER 0 K TEASILR LR e ARk Sh P HERCE AS A EL F BS 0 AR R

AR DHERR > RABRATERwE 4.1 Aior o

BT d o MRS BEAZ B L B 45 4u(B] 4.1) 0 R. glutinis P &4 B5 Bh B% 48 7R, &L

4 Cl4:0 Grgeril B 12.4 548) ~ C16:0 (R 85 R A 16.7 2-42) ~ Cl6:1 ((F Y 8%

fl & 17.7 54%) ~ C18:0 GG oFR] & 24.1 44%) ~ C18:1 (R G oFR & 25.3 4504%) ~

Cl82 (g uFr] A 28.0 5248) ~ C18:3 (FYBrR A 32.1 54%) - B RAABE W&

M BE 0 vk Bs B2 @ Rhodotorula glutinis a7 P48 s '8 » LA 16 Fo 18 2% B4 A5

A E > H b sk (Cl18:1) & 50~60% ~ #7248 (C16:0) & 20~30% i v 48 A5 B

BEPr b o Lte ik 5 > BFAMUE Y ke R 0 TTAE AR AN R 2 ROR -
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tion Time:

Rhodotorula glutinis (a)

44318

10.755

=7
™ I!JI

fl atty acid standard (b) |,

T
a0

T
] 40 45 1]

4-1 Hs Wy »#7 B (a) Rhodotorula glutinis i Bs Z RS AT B & 5 5 (b) 521 A RS A7 B AZ 3R 2

41



42 ¥k BEERLHF (flask experiment )

42.1 BEAHREZIVE

AREBRIEIIZ A HN R glutinis 2 ER BEHBISZEE o TEE R4

4-2~ % 4-1 $1 % 4-2 piior #2 Bong Kyun Kim % (2004) 7 45 2 & R & — 2t

Fl ka3 & 24 hr BAR] @R PO pHE KRB SSRAEBRE2LAL K

B AR A RO ZMIGAE AR UBRER  § A A B R R R AT RS

B REREE > Bk RETRS ¢ E B EFRAL 8hr 2N » BATEME

B o

MERER T R(AEB)EEZS b e B A A R R s

W A8 B 0 BRIRAEE 2 A% 0 R glutinis B T 445 A Ko @A e AT R

B omAs > BB GASSE T F 0 sb3R L8 X Bk 4E 44 4 (Kavadia et al., 2001) o
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16 10 26

Lipid content (% )

N

)

~ —&— biomass

3 14 1 —O— glucose 24

B —v— Total lipids

= 1o —— pH -8 22

g —%— lipid content

F‘h 10 A r 20

~=

)

POE -6 Ll 18

Q =9

o

S

= 61 - 16

en

=

> 4 L4 14

N—

[0}

3

g 24 - 12

g

m O T T T T T 2 - 10
0 20 40 60 80 100 120

Time (hours)

4-2 Time course ¥ R. glutinis * kR A5 2 2%

41 REIZEAEEY R glutinis A ER B BIsZHE

Incubation Final Glucose Biomass Lipid Total lipids
time (hour) pH (g/D) (g/h) content (g/h)
(%, wiw)
0 55 15.0 0 0 0
24 2.5 2.540.1 5.310.1 23.410.8 1.240.1
48 2.2 0.0 6.8+0.1 17.4+0.9 1.240.1
72 2.2 0.0 6.2£0.1 11.8+0.8 0.710.1
96 2.2 0.0 5.4£0.2 11.5£0.3 0.6

& 4-2 R E) 32 &R0 R 2 A5 B BR 4R AR &

Incubation Relative amount of total fatty acids (%5, w/w)

time (hour) C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3
72 1.5 11.6 1.5 1.7 70.7 10.3 2.6
96 0 13.7 1.8 3.9 70.7 10.0 0
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422 ARBRZHGE

ARERRT R HORGE A HE ~ ABE - Hib ~ KRBEHEBR) PN R glutinis
AEREHBISZEE - EREFRWE 43 243 R 4457 UE B ERE
FARBREBRSZAMER 23 4% 841 R 8.6g1 HkZUHbhABRY
HO9Y 2 HBRE > RENAUKERBNBHRREAH 091 Z HBRE
HARABBEEABDAKAREL KMERBAIARE EABEMBES
B RRAAHEBARRARSZ IS EAH b mms e 223%  ZBIKF B
WEE(17.7%) ~ #id(17.4%) ~ KBEEBH(6.9%) B ARTRERRE » UA
AMEEFSR BREARAEERE  RRAADR HBARLC BRI ST
N B G R A KA RO BAEARAERAE B RGR 0 BB G AR S A RS B

Pt % 69 NADPH » B b » 3B 2 &) B8 S E & S35 R ATIER 8950R -
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10 10 25
I biomass(g/1)
[ Total lipids (g/1)
- lipid content (9% )
2 8 e pg T 20
< ~
R X
= ©1 - 15 =
= =
& o 2
E} 4 4 10 _—;
2 S
g N
: »
5 2 -5
0 = 2 Lo
glucose molasses glycerol soluble starch
Different carbon source
4-3 REBIBYH R glutinis A B R B EISZBE
% 4-3 REBBY R glutinis £ ER B HISZEE
Carbon Final Biomass Lipid content Total lipids
Source pH (g/) (%, wiw) (g/1)
Glucose 2.2 8.4+0.2 22.3+14 1.87+0.2
Molasses 3.5 8.6+0.4 17.7£1.9 1.5+0.1
Glycerol 2.9+0.1 6.9+0.6 17.4+0.6 1.2+0.1
Soluble starch 7.3 0.9+0.1 6.9+0.7 0.1
* 4-4 7 FleR R 2 Bs B Bk 4R, &
Carbon Relative amount of total fatty acids (%5, w/w)
Source C14:0 Cl6:0 Clé6:1 C18:0 C18:1 C18:2 C18:3
Glucose 0.8 15 0.4 6.1 72.2 3.5 1.9
Molasses 1.2 14.4 2.2 3.4 67.6 9.5 1.6
Glycerol 0.8 13.2 1.7 4.6 68.2 8.8 2.7
Soluble starch 0 21.4 0 7.7 44.5 20.2 6.3
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423 BRREZVE

AERBERRHBHE)ZI S ARERGRTRE AL EH HEREAS
/1~ 30 g/l ~ 45 g/l ~ 60 g/D)## R. glutinis % kB B MAIEZHE - TREREWE
4-4~ K45 kA6 FEERBRABRENE > AREEABESEZL
GREZ I DA E BAEIEE A 15 g/l FAAG2 #5479 30 g/l ~ 45 g/l ~
60 g/l fetbdx > TTARBARRA £ B - (2R e B AERE A 30 g/l &34
45g/1~60 g/l Vrtedsnd » HFREE 2 £ BYISR AR » Likis s S84 b
MAERE > MR EE L 0 AL pH B RAKATE (e ds p &4 5.5 0 MW EE 24
hr 2 pHERRBFZE 2 A4) > Rt FEEREHEHERES 30 g/1 RIFZSE
HHRE B mMRSHHEFRBEEZEREEAA 5L H B A% > £124] pl

BIFILTE > RIEAT R A BZHR
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35 2.6
HEl Biomass
- 30 [ lipid content [ 24
’; B residual glucose
é —&— Total lipids M 22
S~ 25- - 2.0
O ~ .
33 g L 1.8 B0
yU 8 20 T n
a3 L 16 2
b k=3
SF ] 14 T
&) 5 S
N .5 H
A 9 10 - 1.2
< X
g - 1.0
3 5 -
o - 0.8
0 T T e - 0.6
15 g/l 30 g/l 45 g/l 60 g/l
Initial concentration of glucose (g/1)
4-4 R R # 4 glucose B E ¥ R. glutinis £ kR Bk %
% 4-5 R FElAeds glucose A H R. glutinis % F B B RS 24
Initial Final Residual Biomass Lipid Total lipids
concentration pH glucose (g/h) content (g/h)
of glucose (g/) (%, wiw)
(g
15 2.3 0.0 6.9+0.4 11.0+0.5 0.8
30 2.2 5.5+0.3 8.2+0.5 22.242.0 1.8+£0.3
45 2.2 17.3£0.3 8.1 25.2+1.5 2.00.1
60 2.2 28.6+0.9 8.3+0.1 28.5+1.8 2.4+0.2
% 4-6 R E)AL4s glucose B B 2 FS B BL 48 R &
Initial Relative amount of total fatty acids (%5, w/w)
concentration C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3
of glucose (g/1)
45 6.2 12.3 1.3 4.7 72.5 2.2 0.8
60 0.7 13.5 1.1 4.2 77.5 2.2 0.8
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424 RRBEZVE
AREHRIFEHRAARLLREEC ~4gl-~6g/1-8g1-~10g/l~ 12 g/)¥

# R. glutinis £ kR EHBIEZHE - BRERWE 45 %47~ % 4-8 o>

24

R %Akt RRB L 6938 o> [RBABALI IS 2 B AS R E €2 T M A8 R
B A sy LAt 0 B sb e R SURRE 9 R AW R glutinis R H R A4
R BRPA] 0 AR A BRI SRR R EATIB R A B AE X A A
HEREIBRE > FRIR 2 RS A M0 JB R BARRURR 0916 F 0 4 48

ERAMERMBIEOREZAFTE -
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35 1.4
I biomass
- 30 4 [ lipid content
- I residual glucose
= —e— Total lipigds - 13
g ~ 25 7
z 3 B T e
S g L2 O
2: 7] . T/ R 3
3 & )
S8 %7 R
53 2
g - 1.0
BRI 11
0 IT o T o T T - 0.9
2 4 6 8 10 12
Y.E.and (NHy4 )»SO4 (g/D)
(Y.E.: (NHy4 )2S04 =1:1)
Initial concentration of nitrogen source (g/l)
4-5 FElAL4s BOREEH R. glutinis £ ER R MAS T BE
#* 47 R A RRBEH R glutinis £ KA EHBASZHE
Initial concentration Final Residual Biomass (g/1)  Lipid content Total lipids
of nitrogen source (g/1) pH glucose (g/) (%, wiw) (g/)
2 2.2 7.310.3 4.8 28.7£3.5 1.4+0.2
4 2.4 6.810.3 5.1£0.3 22.841.2 1.240.3
6 2.6 6.11£0.9 5.4+0.9 22.241.9 1.1+0.1
8 2.7¢0.1  6.510.1 5.540.1 19.310.1 1.1
10 2.9+0.1 6.6104 5.610.1 19.21£0.6 1.0+0.1
12 3.0£0.2 6.3104 6.0+0.9 19.1120.4 1.0+0.2
F 4-8 R FEIALAS RURIRE 26 W B 4 R R
Initial concentration Relative amount of total fatty acids (%, w/w)
of nitrogen source (g/1) C14:0 Cl6:0 Cl6:1 Cl180 C181 C182 Cl18:3
2 0.7 14.9 1.0 6.3 71.1 3.6 1.8
4 0.5 14.7 0.9 5.2 74.0 2.8 2.0
6 0.7 14.1 0.9 5.1 74.3 3.7 1.3
8 1 13.7 1.1 4.9 73.5 4.5 1.3
10 1 14.9 1.3 4.8 74.7 2.5 0.8
12 0.9 15.0 1.2 4.3 73.9 3.7 1.1
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425 #HBFM BHEZHE

BRI BERTHEAED0 AT AR EMENZBELTHENE - K
HRBREMEE AEZHEWE RE R glutinis R3R > £ #47 £ & (Zhang Ping
et al,, 2007) - B b > RRTRIRA ZH A 250 ml PR 694558 - BB B BER
#AGB0ml ~ 40 ml ~ 50 mD) & S0 ml E A ARG EAR T (B 4-6) - RIFFBAE
N R glutinis 2 KR A BIEZHE - TRERWE 47 %49~ %410 7
o EFEREMERTY MERERREO LA BESET LB LA MR

e R A RN R R  EEAETF 0 B LB EERAEHA A S0 ml
A~ BCFEERZE B RABA BRI BTS2 ERFREMRIK © MAEIR
Rl BZRABR  RERERZ > ARTRERF L AERI A B

B R. glutinis 25 hRs > MARBEEAARERARL SRR £ 2K -

4-6 £ %454 250 ml PR &IEAR A BHEA 250 ml A K AR B9 15 R
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25
HE biomass

Py [ lipid content I
3 20 - I Total lipids
=
-
§ T
g N
o=
S 80 15+
=g I
5E "
%; = 10

s}
A —
e
3
= i
o) 5
2}

O T i T . T . T i

30 40 50 50 (baffled)

Working volume (ml)

4-7 REABAY R glutinis £ ER BEHBISZHE

& 49 FEBEBBYE R glutinis £ kB RABBIEZIHE

Working Final Biomass Lipid content Total lipids
volume (ml) pH (g/) (%, wiw) (g/1)
30 2.1 8.0+0.4 12.242.0 1.0+0.1
40 2.2 7.6 17.4£0.9 1.440.1
50 2.2 7.410.4 20.1+2.4 1.540.1
50 (baffled) 2.1 7.620.2 12.1£0.9 0.940.1

& 4-10 R E) 32 R BEAE 2 A5 1) 8% 48 A, &

Working Relative amount of total fatty acids (%, w/w)
volume (ml) C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3
30 24 12.4 0.0 4.8 65.8 12.2 2.5
40 0.9 12.1 1.0 3.9 69.9 10.3 2.0
50 0.9 11.5 1.5 4.0 73.4 6.8 2.0
50 (baffled) 0.9 12.5 2.3 5.1 62.8 13.9 2.4
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42.6 HBBRRZYF
BTE-FEFTBFRAZTHR glutinis RRBBEZDE  ARETREA FIEE
R 0 LAAB ) # & B (50 ml) > B if i 2 4 #53%(60 rpm, 150 rpm, 210 rpm)éy 7 =, -
RIFABAEHN R glutinis A kR BERERGIEZEE - THEFZE 48 %
4-11~ % 4-12 prom > MR EF R LI BF @M BPBRZIREEGER > EMRS

e

8

B ARSBARQIOpM) T ABRAZABRE > ARBRELEK MR

-\M

fRERR (60 ipm)F > Al A BAEZHAESE > HABRERS  SKEARTRER
MUGRBRXERBT  AERERT © & DO BB H ity £k > MK

DO ZRIZR| A Bk Bs e B & o
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35 2.2
- 2.0
~ 30 7 I biomass
§ [ lipid content - 1.8
= I residual glucose
§ % 257 —e— Total 1ipigds 1.6 _
g3 )
_g % 20 L 1 g
;% %b . - 1.2 g
~ E - 1.0 g
B3 &
75} é 10 - - 0.8
§ - 0.6
A s
- 0.4
O T T T 0.2
60 150 210
rpm
4-8 RE|3%AR 4 R glutinis £ KA RBRGIEZHE
% 4-11 RE) 343 ¥ R glutinis £ kR EHBIEZEE
Rpm Final Residual Biomass Lipid Total lipids
pH glucose (g/h) content (g/h)
(/) (%, wiw)
60 3.710.1 20.740.3 1.3+0.2 27.6£1.7 0.3
150 2.2 8.310.5 7.620.1 23.242.2 1.840.1
210 2.1 0.2 10.1£0.1 19.9+2.1 2.0+0.2
& 4-12 FREBB R R Z AN B K
shaking speed Relative amount of total fatty acids (%6, w/w)
(rpm) C14:0 Cl6:0 Cle:l  C180 Cl181 Cl182 Cl183
60 1.7 19.2 1.4 5.0 50.1 16.5 6.0
150 0.9 13.5 1.0 5.6 74.4 3.2 1.5
210 1.1 14.8 1.3 54 72.0 3.7 1.7
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427 BMPEEABRBRRZITE

BHEETRER T SRR TUFESNEARE  ERENEESE R

Z O BRBRAACABRSUBIESE  EERANERE - Bt RULETREHEH

B ah X RIFARBEAA T LS HN R glutinis £ &R R0

Z B o e i A 210 rpm 8945 T2 & 24 hr o AR ineg gk o

Btz g 0 EEER A 60 rpm B4R F4EIEH 24 hr > A AP ey idRs -

FRERWE 49~ & 4-13~ &k 4-14 piom o 5 RFS B R o4 2 B3R Bk ] a1k

PeiAF 4o > EACIEANEE 24 hr FERB R BMEF LGB K EA RSN

FsoE - Rk BAETHR glutinis A R R B GRS EHE > #4335 DO A&

BRI E > BRI AE T -

B

B
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35

30 ¥

Biomass (g/1), Lipid content (95 ),
glucose (g/1)

control

—@— biomass
—— lipid content

—w— glucose

rpm-varied
—O— biomass
—%— lipid content
—— glucose

60
Time (hours)
4-9 kiR ¥ R, glutinis £ R R BARBISZIBE
& 4-13 RIFEBR B H R glutinis & kR R B %

Two-stage shaking Final Residual ~ Biomass Lipid Total
speed varied pH glucose (g/h) content lipids
(hour, rpm) (g/1) (96, wiw) (g/)

Control (12,210) 2.7 21.1+0.9  3.3#0.1 17.0+1.0 0.6
Control (24,210) 2.3 14.3+0.6 5.7 20.2+0.7 1.2
Control (36,210) 23 7.9 8.3+0.3 21.2+1.2 1.8+0.2
Control (48,210) 23 5.8+0.3 9.840.2  22.240.5 2.2+40.1

Rpm-varied (36,60) 22 8.7+0.1 6.9+0.2  23.842.5 1.7£0.2

Rpm-varied (48,60) 23 8.0+0.5 8.6+0.3 25.6+1.7  2.240.2

& 4-14 Bk 2O 2 RS B BR 40 8 R

Two-stage shaking Relative amount of total fatty acids (%6, w/w)

speed varied

(hour, rpm) Cl40 Cl16:0 Cl6:1 CI180 CI8:1 CI82 Cl8:3
Control (36,150) 1.3 15.3 1.0 4.7 72.0 4.4 1.3
Control (48,150) 1.0 14.1 1.0 4.3 74.7 34 1.6
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Rpm-varied (36,60) 1.2 15.5 1.3 3.8 70.5 5.7 2.1
Rpm-varied (48,60) 0.8 15.2 1.2 3.6 74.1 4.3 1.0

428 FABETFZHE

XERtEd BB RBE TR E@BEERRE  ARORSEVREHE =
BN 35°CHE > RA| R glutinis th A& & > MBEARN 20C - R4 Rk FJF
FiEL o Bk RREBRAFIEFAREZHRBEAST ~24°C ~27C ~300)H» R.
glutinis 2 B R EHMISZHE - B R B 4-10~ % 415 % 4-16 Fior » &
BABES 24CH > TUEFRSZHESE0222%)  #FRAF 4 18C14.6
%) ~ 27°C(10.8%) ~ 30°C(10.4%) > B3xHBE A 24CH > ARIKZEERE A
3.1¢g/l-

A RBEE & AR E AR A 24°C(9.7 g/)~27°C(9.7 g/1)~30°C (9.7 /1)
ZEAMERR A SAEAEBESL 18CO3 )2 titd Bt ERE 24T
EHREEERZISHBE - B BRABBBYGENT » L R tafo E &

B WRARMAME T RERIKE 0 Ml % U REAF RS EEZ A R o
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25 2.2
- Il biomass
< [ lipid content L 20
=) i I residual glucose
‘3\/ 20 —&— Total lipids
E %\Q - 1.8
=N =
S Q 15 4 I Y
= O - 1.6 :
= 2
&2 8.
iy J L = 14 =
= & 10 s
20 o
» & =
S X - 1.2
£ 5
=
/M j o » - 1.0
0 - e T an T - 0.8
18 °C 24°C 27°C 30°C
Different of temperature (C)
4-10 RE 3£ EYH R glutinis £ kR EHHEZEE
% 4-15 REBADEYH R glutinis £ EREHRMISZHE
Temperature Final Residual Biomass Lipid Total lipids
(C) pH glucose (g/) content (g/)
(g (9%, wiw)
18 1.9 4.7+2.6 9.3+0.7 14.6+1.6 1.4£0.2
24 1.9 3.1+0.4 9.710.1 22.240.5 2.1£0.1
27 2.0 3.3£2.9 9.7+0.7 10.8+0.8 1.0£0.1
30 1.9 3.843.2 9.7£1.2 10.410.5 1.0£0.1
& 4-16 7R 3% 4m L 2 B b B 48 ik &
Temperature Relative amount of total fatty acids (96, w/w)
(C) Cl14:0 Cl6:0 Cl6:1 C18:0 C18:1 C182 (183 A
18 1.1 17.5 0 6.0 65.6 7.7 2.2 0.87
24 0.9 13.5 0.95 5.6 74.4 3.2 1.5 0.86
27 0 15.0 0 6.9 73.2 4.1 0.9 0.84
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30 0.7 15.3 0 4.5 75.7 3.9 0 0.83

A: Degree of unsaturation = 1*(9% of monoene) + 2*(9% of diene) + 3*(% of triene).

429 RBHBEZVE
XEkiE 0 R glutinis £ E [ ALBHT  BABNBERE L F(EL B-
3% ¥ £ %)z 4 A (Hideyuki Sakaki et al.,2001) » 3 58] & 4% 4 4 7T 35 38 BB 56 64
FR ERGHEBNEEESRNERE  EMEET T AROE RAKRHSZ
My kA o Bk 0 RRERBUFIRTRAER BAE )83 R glutinis £ kR R

BT  c FHRERLwE 4-11~ % 4-17~ k 4-18 i > b A= % TS B4

m}

GE3RE & 94.17 ymole/s/m®) 88 4 7 B8R (5F B35 % F 2 AR T 140 > B BS

X HARE BRBREARK 22 ERK RX > FRANH

i
3

e A B
BIK BRBEERS  MARSZHMISSE - Rk bR BLEA IR

SHEBNAE R ERFANEAE R -
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35 14
Dark (0 pmole/s/m?  Light (94.17umole/s/m?)
— —@— biomass —O— biomass
X 301 —¥— glucose —v— glucose 5 L0 &
S —%— lipid content =~ —%— lipid content ED
E . Total llpldS _O_ Total llpldS -
2 251 ST
o O =
Q —
e 8
‘B, 20 - -8
5 g s
7 o)
c
g 151 ','4" i S
S g}
o))
< 101 - 4 §
8 X2 =
5 5 -2 =
6 M
0 </ T T T T V T 0
0 10 20 30 40 50 60
Time (hours)
4-11 B3 EH R glutinis A ER BEHbIs 2 B %
% 4-17 ZBBEH R glutinis % ER RIS 2 B %
Effect of light Final Residual ~ Biomass Lipid Total
irradiation pH glucose (g content lipids
(hour, pmole/s/m?) (g/) (%, wiw) (g/)
Dark (24,0) 2.3 14.3+0.6 5.7 20.2+0.7 1.2
Dark (48,0) 2.3 5.8+0.3 9.8+0.2 22.240.5 2.240.1
Light (24,31.39%3) 1.7 7.8+0.6 9.3+1.3 17.742.3 1.6+0.1
Light (48,31.39%3) 1.5 0 12.0+£0.3  15.0+2.1 1.8+0.3
* 4-18 BB IRE X BB Bk i &
Effect of light Relative amount of total fatty acids (%5, w/w)
irradiation
(hour, pmole/s/m?) Cl4:0 Cl16:0 Cl6:1 CI8:0 Cl8&1 CI82 ClI8:3
Dark (48,0) 0.9 13.5 1.0 5.6 74.4 3.2 1.5
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Light (48,31.39%3) 0.6 15.0 0.7 39 72.8 7.1 0.0

43 HRIXFSHHRLZA (batch)
431 HBREFRBEEZVE

BHEMERT T4 DAL HHEREAL O AR ERAGHARAK
EAIHMER > Bt AREBRAFIRIT R E A4 B H AR G0 g/l ~ 100 g/1 ~ 140

g R. glutinis £ KA ZHBAEZHE - FRERwE 4-12-F 4-13~ B 4-14

Fiw o RIEHHEEEAO0 g Z P hissea=hisE /BB EE)S 39% -
ARIBHERES 100 g1 2P his4 A 49% R HHEEE A 140 g/l 2

3k A e A 6296 5 R Rk s A A R (=0 AR L/ AT RN Rk B BB R
B 60~ 100~ 140 g/l 8% > 53] % 0.27~0.29 ~ 0.35 g/l/hr - Fe 44 &) 3 #%:£ & 60 ~ 100
140 g/l o » Hx KERRE 5 A % 298 329-362¢/1; HAMRALERRE(=
AR/ EERE R % 5 A 0.69 ~ 0.68 ~ 0.57 g/l/hr 5 Hid g & F (=4 s B iR &
HAE BAERE) R A 020017 021 g/g > shBIER B R T WA A X
RV A28 0.25 g/g 4845 & (C. Ratledge,1988) - BAL Bt fe &£ £ @42+ B A R4
EMBEREN BAEANASRERS  BAFEFHOTELEET
DA E REREA 140 g1 R HT IR eHBAMA REAWH AL
Hér B 415~ % 4-19~ % 4-20 7T454%0 > ABRE() ~ WAE 22 (%) ~ R RH A
ERENhr) G %A F AR RS MM > B b @EAIREEER

BT ARG ARBHBIRIRE SR AR A 140 gD)RETIBE > H e BRE



Biomass (g/1), glucose (g/1), Total lipids (g/1)

70
—O— biomass
—1— glucose
T
60 —&O— Total lipids
—%— lipid content
50
40
30
20
10
0 zv‘ T T T T T
0 10 20 30 40 50 60

Time (hours)

- 40

- 60

- 20

~
X
N—
=
g

=)

5
°

o
.

0

4-12 Aeds B HAEEE & 60 g/l Z bRk 4B K95 F > R. glutinis % &R B As

Z %1t

Biomass (g/1), glucose (g/1), Total lipids (g/1)

120
—O— biomass
—{3— glucose - 60
100 € —A— Total lipids
—%— lipid content
- 40
- 20
O L T T T L 0
0 20 40 60 80

Time (hours)
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4-13 L EHERE S 100 g/l 2 $LREEE R T o R glutinis £ kR B H
sz 41t

— 160

=

20 —O— biomass

4 140 € —— glucose - 80

§_‘ —— TjoFal lipids

= 120 4 —%— lipid content

& ~

- - 60 o

P 100 ~ >

3 £

20 8

) 80 g

§ -40 O
o

= _ o=

w0 k=

~ —

B 40 -

) - 20

[7)]

3

= 20 A

=

= 0 0

0 20 40 60 80 100 120 140

Time (hours)
4-14 e B HHFERE A 140 g/l Z LR BE KRBT > R. glutinis £ &k R R
RN

160
—®&— biomass-60 g/l —O— biomass-100 g/l —O— biomass-140 g/l
—&— glucose-60 g/l —{— glucose-100 g/1 —— glucose-140 g/l
140 3 —&— Total lipids-60 g/ —A— Total lipids-100 g/l —A— Total lipids-140 g/l [ 80

€— lipid content-60 g/l —O— lipid content-100 g/l —O— lipid content-140 g/1

Biomass (g/1), Lipid content (% )

=
< O
2 120 Y%
% $S < R
.a & R _60
= 100 € =
= O
i)
o
=
~ - 40
) o—°—o
N’
Q
|72]
o}
g 20
= L
O A
A
A
L]
L]
T T L O
0 20 40 60 80 100 120 140

Time (hours)
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4-15 ALk B HAERE A 60 g/l ~ 100 ¢/1 ~ 140 ¢/l Z LR FEE KRBT » R
glutinis A& & B R A s Z AL
% 4-19 R A48 glucose JE MR IEEE RS T2 81 L 48

Initial Max. Max. Average Max. Yield*  Max. lipid
concentration biomass specific lipid total (g/g)  productivity
of glucose (g/D) growth rate content  lipids (g/l/hr)

(g/) (g/l/hr) (%, wiw)  (g/D)
Batch-60 g/1 29.8 0.69 39+3 11.6 0.20 0.27
Batch-100 g/1 329 0.68 49 +£2 16.1 0.17 0.29
Batch-140 g/1 36.2 0.57 62+7 22.4 0.21 0.35

*Lipid produced per glucose consumed.

% 4-20 R ) AL4s glucose JB B 2 AS By B4 40 ik &

Initial concentration Relative amount of total fatty acids (%, w/w)
of glucose (g/1) C14:0 C16:0 Cl16:1 C18:0 C18:1 C18:2 Cl18:3
Batch-60 g/l 0.8 23.4 0.7 5.6 52.7 13.1 3.8
Batch-100 g/1 0.9 22.6 0.7 5.5 57.7 10.5 2.2
Batch-140 g/1 1.4 20.4 0.8 6.0 54.7 12.7 4.0
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432 ZHBEREZIVE

AEBRTRTER  BRAEZTSMRWETVEARNEARABENEH B
b ARFBRAFIEHE A E N B DO (60 £ 10%) 5218 DO 4(25 + 1096) 2 #L.k
BB Resdo B 4-16 > AR IL A B Rg Ht R, glutinis £ kR R BB B4 -
MIEFBERBARE H3b 0 LEZ4EIFAE DOG0 £ 10%)8F » A T & %55
NHERERGE  LAMASER REFTHAR FRERWE 4-17 8 4-18~
4-19 fiow > £ DOBRET > fefbmpa i A k> RRARFES3I291 7
B & DO 2 B8R (36.2 /1) s 12 H it fis 42 (52 + 896) 4P ¥4 B2 ) #M& DO 4%
(62+£7%) > % IMEAF— R > £AK DO #BAEL T2 /03145 > fa B Br 47 b 4 K B fis
BREHE RN EEHENRR(AEREENYEAE 40 RS Rmip
AERREIMRAIZRE > REFLEDHRZ IR BRI Reltafo £ R FEH
AREASDOEHFHER  FERR S Rwiot kX £ EE RER - BN
HOR(R AV REFEEREA T AL > 1K DO EHFIZ A MREN R - A

CHRERAEBERCERE LI R -

AR DO dEH Z A Ry £ B R K > dok 4-22 Ao 0 H P ahag(C18:1)
Pazre (Cl16:0)MmF A b ey tbflsm K > #%& 50~60%52 20~30% - Brig 2%
DO #4E F » T BA3% & R. glutinis éa el & & > 125d A5 4 B 40 818 DO 3= 4185 >
mERBIRZ s E ARE > WwE 419 & 4-21 -
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DO (% )

Biomass (g/1), glucose (g/1), ‘1otal lipids (/1)

120

—25%
——- 60 %

100 -

0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

Time (hours)

4-16 EH1E A B4 25+ 10% ~ 60 + 109 2 L2k 48 DO (%) 8 b 15 H

160
—O— biomass
— 1 glucose
140 € —4A— Total lipids
—%— lipid content
120 + -
100 -
80 - -
60
40 -
20
0
0 20 40 60 80 100 120 140

Time (hours)
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4-17 =5 AT 25+ 1092 =k 2B $98F » R. glutinis % &R B As
Z %1t

Biomass (g/1), glucose (g/1), Total lipids (g/1)

—O— biomass
—1— glucose
—4A— Total lipids | 60
—%— lipid content
- 40
- 20
T 0
20 40 60 80 100 120 140 160

Time (hours)

Lipid content (% )

4-18 PEHIE AT A4 60 £10% 2 LKA AT » R glutinis & £ & BA s

Glucose (g/1), Lipid content (95 )

1&

120

100 A

80 -

60 -

40 -

20

60
—@— biomass-25 % —O— biomass-60 9§
—&— glucose-25 % —— glucose-60 %
—A— Total lipids-25 95~ —2&— Total lipids-60 % L 50
—'A'— lipid content-25 95 —%— lipid content-60 %
\
O - 40
- 30
- 20
- 10
0
20 40 60 80 100 120 140 160

Time (hours)
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B 4-19 tesdEFlE AT A 25+109% 60 + 109 2 bR 3 B K=& T > R. glutinis %
&L PR XY

4321 RMBEEEREFEHNZIVE

B P ERERFh REAEREE AR RSB ER 48
Rt ZEAETRS @A R 2R b A E - Bt HEBERIES
R o F DO 3 #4260 £ 10% 4 70 /NBF > 2 4% A 5| 84K DO fE 4 25 +
10% @ BRI ERFER - HEAREAIEF RGBS A REHBERY AT E
Z HEEG0 £ 10%) R Emfaehd Kk > LB T0 NF23r % 0 B ERE
£.(25+10%) > AR EHmpsey BAE o

AR BB RBABIERBRLEERKRS ko B 4-20 ~ %k 4-21 Aiow > B Ag
HEBRAERBAREABTHFEEG 60 £ 10% F 25 + 10%) M43 3| BB E - W
MRAABETZRAARES 45421 THESWMEDO Z B E(36.2¢/1) >
2B D7 & DO 2 B# B (532 ¢/ » st HE R K bAs A AR R oF » MERIBE AL
#1(0.28 g/l/hr) > 473/ 4% DO #248(0.35 g/Vhn) 2 & R > dsb A & > RE&EEAE
PRBRAERBD B EE T BRARRIM - BpiE R d B 4-20 43R 4L 72 PEFFEE
DOz %% H#HEHWAES 2 S RABMRK 214 DO E38 5 # A5 M RR
ARG IERMGM - BT HibisA ERFAMECZABRRE  RELA

ERAABN R RIERE G R G RLEE -
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—O— biomass

—{— glucose
140 ¢ —— Total lipids |- 60
—%— lipid content

Biomass (g/1), glucose (g/1), Total lipids (g/1)
Lipid content (96 )

Time (hours)

4-20 ¥EHRIEEEN T2 NEERT B 60 £ 1096 0 72 /N84 B 25 + 10% 2 F S B it
RIEEERRT » R glutinis £ k& R ihlsZ %1t

K421 EHRBEAENMRBEBERBSTZEHHELH

DO level (%)  Max. Max. Average Max. Yield*  Max. lipid
biomass specific lipid total (g/lg)  productivity
(g growth rate  content  lipids (g/l/hr)
(g/l/hr) (%, wiw) (g
25+10% 36.2 0.43 62+7 22.4 0.21 0.35
60 +10% 53.2 0.72 52+£8 27.7 0.23 0.24
Two-stage 45.4 0.74 42 +£3 19.1 0.18 0.28

*Lipid produced per glucose consumed.

F 422 PERIEAEZ AL Rk

DO level Relative amount of total fatty acids (%5, w/w)
(%) C14:0 C16:0 Cl16:1 C18:0 C18:1 C18:2 Cl18:3
25+10% 1.4 22.6 1.5 4.7 58.1 10.0 1.9
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60 +10% 1.2 20.1 1.7 6.2 57.0 10.5 33
Two-stage 1.3 23.8 0.0 7.1 55.1 9.8 2.9

433 ABEZIVE
AEMERTER  BATAN@maE K ERANGEER Bk &
REBA 7 AR =% LED RBROGEERE A 2566.6 1 mole/s/m) ~ = % LED 3
(3B A 3849.9 1 mole/s/m’) R HAL IR Z IR A BE Fivg o RIFI KB
4 R glutinis £ kR EHABISZHE - TRE R E 421~ B 422 pior 0 k3%
JEHE 4142 3849.9 pmole/s/m® F » 4 Btk 2 dm it & Rk £ 4 % 0.87 g/l/hr > B %t
FHBHAEAERR LB RS 2.69 gihr » 245 AR B KR EIEH A
1283.3x2 pmole/s/m” $i R 2 4% IR T P A6 4F 2 4 R
BB 4-23~ B 4-24 ~ & 423~ & 424 4340 > EARAERME = 5 LED BRGE

2% B % 3849.9 pmole/s/m’) F A BEEY - e A Bz A Bk % 0 B ¥ B BHE

belo

A PT¥E Ao > 427 96 hr 2 4% > fmBe PR A K HRATRER AR NA W H A
BARKZMEGLEREAENEZABAERMEZNERMECGRRSE) ¥
RE 0 LUK TR TSI 3849.9 umole/s/m® T A BN MAS A E 0 HohAs A Ak
EBRFHN A 034 glhr > ABE ARG T X 0 FRGBIESE > ERIE DS

A ERFRFRLES -
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Biomass (g/1), glucose (g/1), Total lipids (g/1)

Biomass (g/1), glucose (g/1), Total lipids (g/1)

—O— biomass-two LED
—— glucose-two LED
—4— Total lipids-two LED
—%— lipid content-two LED

20 40 60 80

100 120 140 160

Time (hours)

4-21 4= % LED BGE3%E % 2566.6 1 mole/s/m’) 2 itk 48 £ T > R.
glutinis % & B R Aid g 2 AL

- 60

~~

X

N’

-40 =

a8

=

o

o

=

Ry

L 20
0
180

120 ~

—O— biomass-three LED
—{0— glucose-three LED
—4— Total lipids-three LED
—&— lipid content-three LED

- 60

- 40

- 20

Time (hours)
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4-22 4= % LED (38 B % 3849.9 pmole/s/m’)Z 4tk 458 A5 T * R.
glutinis & F B F A b s 2 %1t

—@— biomass-without light —#— glucose-without light
—O— biomass-two LED —{— glucose-two LED
—O— biomass-three LED 00— glucose-three LED

120 1 ¥

100 -

80 ~

60 ~

40 -

Biomass (g/1), glucose (g/1)

20 +

0 80 100 120 140 160 180 200

Time (hours)
423t R LR EIEME — % LED BGR%E A 2566.6 1 mole/s/m”) ~ =

1b

70
—%*— lipid content-without light
P —#+— lipid content-two LED
@ 60 - —*— lipid content-three LED
—&A— Total lipids-without light
% —4— Total lipids-two LED
‘B 50 —4— Total lipids-three LED
=
E v
~
e
E’\/ 30
5
% 20
B
;J 10
O T T T T T T

0 20 40 60 80 100 120 140 160 180 200

Time (hours)
424 i R RIREIEME — % LED BGR%E A 2566.6 1 mole/s/m®) ~ =
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% LED %&b E & 3849.9 1 mole/s/m?)Z itk #B % 98 F > R. glutinis B % fs
Z %1t
A3 HAABRBENAMRBEBERETLHNE SR

Light Max. Max. Average Average Max. Yield* Max. lipid

intensity biomass specific glucose lipid total (g/g) productivity
(g/h) growth consumption content lipids (g/l/hr)
rate rate (g/l/hr) (%6, wiw)  (g/)
(g/l/hr)

No light 394 0.43 2.07 62.1+4 235 0.20 0.19
Batch

2-LED 41.2 0.55 245 488+2 184  0.17 0.20
batch

3-LED 443 0.87 2.69 495+3 213 0.18 0.34
batch

*Lipid produced per glucose consumed.

£ 424 BHABEZ RS EE ARk

Light intensity Relative amount of total fatty acids (%6, w/w)
Cl14:.0 Cl6:0 Clé6:1 C180 C181 C182 (183
No light batch 1.3 24.1 0.3 5.2 56.3  10.1 2.6
2-LED batch 1.2 20.8 0.6 4.4 559 151 1.9
3-LED batch 1.4 22.6 1.5 4.7 58.1 9.8 1.9
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44 MEXBEMBAIKER (fed-batch)

44.1 EZHBERBEEZVE

BTRSARSTFbAEN A H SURREBUH RS A H R R R B B

WA 10£29/1-20+4¢/1~30+5 g/l » RAE2E PAEBE Bk 1 30 R. glutinis %

REEMBIEZHE - MR ROGALIRE T A 60 /] » &R A hbR 4B

HERTITHER 60 g/l 2 RBHAHBRER ZFB T E ki %069

g/li/hr) - 22500 g/1 B AMABEHZHIR > ERNAMRETEERTRER K

&
i
ﬁ*

WATHEAE S A Z A AR R - MAA R AMEMER A 1022812024 g/1~
30£5¢g/1 e > KRB HEEHNEL A 118168209 3¢ - To&E R E
4-25~ B 4-26 ~ B 4-27 B o AAER LR B AAEAES A 10£2 12024 g/l
30£5¢g/1 85 0 P35 5 En 94 36.3% ~ 53.0% ~ 56.0% ; ERABMERE
5% 2 360 ~41.0~32.8 g/l; AR AMAE A £ E 5% 4 0.20+0.270.24 g/l/hr

W[ 4-28~ & 425 % 4-26 4340 A B B ME 44 102 /1-20 £ 4 g/l 8%
Aotz mind KiRE > MES A 078g/l/hr» AR EEELBE4HIFA30£5g1
FAFE AT RS B RN G A 3025 gl B AR AR LBELARSH
RBREZBIET  FREAZEEMSGAE 2R ERE  RUEHRE HE
BHEE2024 g1 BAFNEASHEE A EZRF A 027 g/l/hr -

ABBN UL E AVEEE S 140 o/l ZhtREE Reg k3 - Hmhsx Ak %
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PR B A R ROR 0 PR R Z AR o

Biomass (g/1), glucose (g/1), Total lipids (g/1)

4-25 |

70

60 L

50 +

40

30 ~

20 ~

10

—O— biomass-10 g/l
—O— glucose-10 g/1
—4— Total lipids-10 g/l
—— lipid content-10 g/1

20 40 60 80 100

Time (hours)
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B RABREA 1022 o/l Z BRI REEEE RS T » R glutinis £ &k A

A fhAs 2 1k

e 70 70
= .
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< 10 - - 10
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=
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74

Lipid content (% )



4-26 =41 E B
2 Asz b

VR A 2024 o/l Z ORI RAEBE K9S T 0 R glutinis R A

—_ 70
=
=0 —O— biomass-30 g/l
34 60 L —— glucose-30 g/l o
& —A— Total lipids-30 g/l
= —%— lipid content-30 g/1
=3
i}
(e}
=
é 40
el
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7]
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Q
=]
p—
en
S - 20
—
el
N
©»
17
<
£
2
3 0
0 20 40 60 80 100 120 140

4-27 #EHHH

Time (hours)

R hAEZ %1t
—_
E) 100 — 50
e —@— biomass-10 g/l —O— lipid content-20 g/l —O— lipid content-30 g/I
o —&— glucose-10 g/ —O— biomass-30 g/l
K=” —A— Total lipids-10 g/l 2 glucose-30 g/l
- 80 —&— lipid content-10 g/1 4— Total lipids-30 g/l L 40
8 —O— biomass-20 g/l
g —— glucose-20 g/l

- —4— Total lipids-20 g/l
=
X 60t - 30
S

-
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2

g

O 40 A - 20
=

=
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=

20 1 - 10

=

N’

Q

|72]

o

o 4

2 0 : . . . . . . 0
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Time (hours)
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428 PLBAERI R BAEREA 102212024 /1~ 30 %5 g/l Z Akt ht R B
RE&ETF > R glutinis % kR B mAsZ %1t
% 4-25 ¥4 glucose iR AN EER I REBERBG T X8 £ 58

Control Max. Max. Average  Max. Yield*  Max. lipid
concentration biomass specific lipid total (g/g)  productivity
of glucose (g/h) growth rate  content  lipids (g/l/hr)

(g/) (g/l/hr) %, wiw) — (g/l)
Fed-batch at 36.0 0.78 36.3 13.1 0.16 0.20
10+2 g/l
Fed-batch at 41.0 0.78 53.0 21.7 0.23 0.27
20+ 4 g/l
Fed-batch at 32.8 0.71 56.0 18.4 0.21 0.24
30£5¢g/1

*Lipid produced per glucose consumed.

% 4-26 4| glucose & B Z AS Wy BL 4A R &

Control concentration Relative amount of total fatty acids (%, w/w)
of glucose (g/l) C14.0 Cl6:0 Cl6:1 C180 Ci18:1 C182 C(Cl18:3

Fed-batch at 1.0 24.2 0.7 5.7 52.6 11.5 4.4
10£2 g/l

Fed-batch at 0.9 23.3 0.6 6.2 54.4 11.9 2.8
20+ 4 g/l

Fed-batch at 0.9 22.3 0.8 6.5 55.5 11.6 2.7
305 g/1
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442 MEEEAEERERBHZTR

IR AR TIERZ TR 0 AR ZEAE60£10%) - sy

e A RRE > BRARELAAME MW ZAAREATQRS £10%)24 >

e

MRS S BT RBABRIE A o F XUEKIE L 0 RS PR A ML B 5 S EE(C/N ratio)
AT > TR AR E A A Bt AREBEN AL EZA T TR B(T72
hr) b > 22 500 g/1 # & #E A2 sk o B BT ERE0H > N2 H i
RELFZEL60g/] 0 RIFFARBEE A ZHEE REHN RGP R glutinis %
KR BHBISZEE - BE R0 B 429 B 430~ & 427~ % 428 o7 > &
WBERREALBR SRR EZIIRIE RAEERBEERZHRET  BRERR
RRBERRATER B R ZHEERERNAR BT HESZRRZY 28.6% >
BATBAEZ B ASIRL A B 285 ¢/l -

LR TR T ERF R & e e A R ik £(0.74 g/l/hr) 52 5 f5 4 & i %(0.35
g/V/hr)Z 4E BESh > AR T $HEL R T K0 B SMT &0 T LA A R e R B 7 K

FREBEZ A EMBRGEELE -
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B 4-30 Pbd il B Rt R B BE SR e S o I U S B SR AROR B R B R
T R glutinis & & B R A% id s 2 2L

F 427 F PR BOE RSB B RS L I BOR RS B R R R B R B RS T 2
LBIE .

Fermentation Max. Max. Average  Max. Yield*  Max. lipid
Strategy biomass specific lipid total (g/g)  productivity
(g growth rate  content  lipids (g/l/hr)
(g/l/hr) (%, wiw)  (g/)
Two-stage 45.4 0.74 42 +£3 19.1 0.18 0.28
batch

Two-stage 52.8 0.74 54+£2 28.5 0.21 0.35
fed-batch

*Lipid produced per glucose consumed.

% 4-28 WS EARA BB RS B R ek 0 R IS BRUA RIS BB R B B RS B R R 2 RS

Wy B % P R
Fermentation Relative amount of total fatty acids (%, w/w)
Strategy C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3
Two-stage batch 1.3 23.8 0.0 7.1 55.1 9.8 2.9
Two-stage 1.3 25.7 0.6 4.9 54.6 10.7 2.2
fed-batch
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443 #4t=3% LED pREEEKHH Z K%

W R B 58 R HE 2 Bt ko 0 LA B 38 B 45 414 3849.9 pumole/s/m” F 0 A
& 2 4 By & ik F(0.87 g/l/hr)$25d fis & & 3% £(0.34 g/l/hr) > 12 [F % k58 F o938
Ao RS S EA AT MM > Bk ALFHBENIEAHZE 72hr 85> 22500 g/1 &
AAEABM 2R BTGB RGN HABREA 02y HEE
WL E RS R A SR R MRS BRELEERE

B R B 4-31 ~ B 432~ & 429~ & 4-30 Aiow 0 iR AR R S
OR(BEAE)EET > s BRK BENEZ 495% EFE 58.6% 0 A& S
T 18.495 > MahAsE MK SeaE2 2130/ LH % 246 g/l R RMASAE &k
bt AR 2 034 g/l/hr EFHE 0.39 g/l/hre £38- A R B S L HL R B8 T4 B 2
BRERF L0 HERRHE T2 NEF2 A > i fr A ROORIL BT H & A

BOR X BORRE BRI X AR B > RS s A B R R @ B A TR
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= % LED (3% % A 3849.9 1 mole/s/m2)35 Bui 4 £ FH bR I H] 8] B ABIR A
30+ 2 g/l #E K=& T > R glutinis 4 & & B # b A5 2 41k
% 4-29 RE =& LED B X dbRE B g AT = & LED B # B ARtk
SEE R T 280 S8
Light Max. Max. Average Average Max. Yield* Max. lipid

intensity biomass specific glucose lipid total (g/g) productivity
(g/h) growth consumption content lipid (g/l/hr)
rate rate (g/l/hr) (%6, wiw)  (g/1)
(g/l/hr)
Three 44.3 0.87 2.69 495+3 219 0.18 0.34
LED
batch
Three 45.1 0.88 2.79 545+2 246 0.19 0.39
LED
fed-batch
at 30 g/l

*Lipid produced per glucose consumed.

% 4-30 /AE =% LED 2 bR B2 Rk d132 4t = % LED B 3 Bl 48 kbR
B RS T 2 s By Bk 4 AR R

Fermentation Relative amount of total fatty acids (%, w/w)
Strategy C14:0 C16:0 Cl6:1 C18:0 C18:1 C18:2 C18:3
Three LED 1.4 22.6 1.5 4.7 58.1 9.8 1.9
batch
Three LED 1.4 25.5 0.7 4.7 54.6 10.9 2.3
fed-batch at 30
g/l

82



4.5 BERBZILE

F 431~ & 432 o3 B BB SRR 2 B ) 5 S BRI SRS B B 4A R 2 TR
R (A GRS R AERE - BRI ~ R EIERG4) EEHR (2
R HVERE - MBI RIES ~ = % LED RIR) Res ¥ o DU EE R B W I BUE
SHEREREMNE=Z LED LRBEEEHM BT RAEZILER > HARLR
AR RIS ERE QB EE RN R TUARMEHE A RRAFAMENZER > U
Fammind kR F(0.74 gVhr) BB ZH O HBEE(52.8 g/l) » 2% BEBERELA

B R e mini R ey R HAS(54% ) BRBH T ERMAEL ERE
(0.35 g/l/hr) 5 M = % LED JIR# Beid G454 Re& - 3R BIL R glutinis f£3538
BAGHTX TR Z@BENEEETERRE  EMR S L KR F(0.88
g/l/hr) » 2 1% BAV A A6 X 0 RATE tm B fE R o R AE(54.5%0) > MR 5 &
B4 b s & & 1% %(0.39 g/l/hr) -

WmBsE ERFABEICAERE A= & LED KRHBEEE HH REB B

MR E AL B R R RE AN RGO EREAT - ARAA =% LED KR

%

L EEFHM R AT AES L8 E S & E BRI R AR R H T X

RABBEARR R S@EERRE Bk HEANE KB RERE R

BEERBRRED THSE » RIBHFEHERAK

EEAEBE RS T Hbismy 22 R E P b Ee(Cl8: 1) fiz4884 (C16:0)
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W AT b eI R R 0 %] A 50~609 82 20~30% -

4% 4-33~ % 4-34 % Rhodotorula glutinis XK 4 F $1 KR % 12 2 i kb 2o
HILBRERTU G4 AR RZ ARG ESSHXBERT L HARE A
A AFI JE AR AL A5 AR R R AR BURAL 45 RUR IR B 23 R A SLER A R TR
(HEBE > RETTRA M 2RERRENESE  HARAN @ LS RE
BE  HEBEREME  EnPEINERAEA R B AARIARZHEABINGRT

HEAZRBMERR(H AR BEERY - 2 KMBE) RB EKTRS -
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& 431 BERZE N Z S B AR
Fermentation Max. Max. Average Max. Yield*  Max. lipid
Strategy biomass  specific lipid total (g/g)  productivity
(g growth content  lipids (g/l/hr)
rate (%, wiw)  (g/l)
(g/l/hr)
Batch-60 g/l 29.8 0.69 39.0£3  11.6 0.20 0.27
Batch-100 g/1 32.9 0.68 49.0+2 16.1 0.17 0.29
Batch-140 g/1 36.2 0.57 62.0+7 224 0.21 0.35
Batch-25 +10% 36.2 0.57 62.0+7 224 0.21 0.35
Batch-60 + 10% 53.2 0.72 520+8 27.7 0.23 0.24
Batch-Two stage 454 0.74 420+3 19.1 0.18 0.28
Batch- No light 394 0.43 62.1+£4 245 0.20 0.19
Batch- 2-LED 41.2 0.55 488 +2  20.1 0.17 0.20
Batch- 3-LED 443 0.87 495+3 219 0.18 0.34
Fed-batch at 36.0 0.78 36.3+5 13.1 0.16 0.20
10 g/1
Fed-batch at 41.0 0.78 53.0+x6 21.7 0.23 0.27
20 g/l
Fed-batch at 32.8 0.71 5605 184 0.21 0.24
30 g/l
Batch-Two stage 454 0.74 420+3 19.1 0.18 0.28
Fed-batch 52.8 0.74 540+2 285 0.21 0.35
Two-stage
Batch-3-LED 44.3 0.87 495+3 219 0.18 0.34
Fed-batch 45.1 0.88 545+2 246 0.19 0.39

3-LED at 30 g/

*Lipid produced per glucose consumed.
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* 4-32 BB S hy ik 40 g 238

Fermentation Relative amount of total fatty acids (96, w/w)
Strategy Cl14:0 C16:0 C16:1 C180 C18:1 C182 C18:3

Batch-60 g/l 0.8 23.4 0.7 5.6 52.7 13.1 3.8
Batch-100 g/ 0.9 22.6 0.7 5.5 57.7 10.5 2.2
Batch-140 g/ 1.4 20.4 0.8 6.0 54.7 12.7 4.0
Batch-25 + 10% 1.4 22.6 1.5 4.7 58.1 10.0 1.9
Batch-60 + 109 1.2 20.1 1.7 6.2 57.0 10.5 33
Batch-Two stage 1.3 23.8 0.0 7.1 55.1 9.8 2.9
Batch- No light 1.3 24.1 0.3 5.2 56.3 10.1 2.6
Batch- 2-LED 1.2 20.8 0.6 4.4 559 15.1 1.9
Batch- 3-LED 1.4 22.6 1.5 4.7 58.1 9.8 1.9
Fed-batch at 1.0 24.2 0.7 5.7 52.6 11.5 4.4
10 g/l

Fed-batch at 0.9 23.3 0.6 6.2 54.4 11.9 2.8
20 g/l

Fed-batch at 0.9 22.3 0.8 6.5 55.5 11.6 2.7
30 g/l

Batch-Two stage 1.3 23.8 0.0 7.1 55.1 9.8 2.9
Fed-batch Two stage 1.3 25.7 0.6 4.9 54.6 10.7 2.2
Batch-3-LED 1.4 22.6 1.5 4.7 58.1 9.8 1.9

Fed-batch 3-LED at 30 1.4 25.5 0.7 4.7 546 109 2.3
g/l
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% 4-33  Rhodotorula glutinis X JEK ¥ K= 7 p 5 L 82(D)

Fermentation Carbon Nitrogen Feeding Max. Average Reference
Strategy source Source solution biomass lipid
components (g/h content
(%, wiw)
Fed-batch Glucose (NH,4),SO, Glucose 185 40 (Jae Gu
using and Yeast Extract Pan, et al.,
oxygen-enriched Yeast MgSO, - TH,0 1986)
air Extract
Fed-batch Glucose MSG* Glucose 36.6 20 (Feiyan
using wastewater Xue, et al.,
glucose 2008)
feedback
addition
Fed-batch Crude (NH,4),SO, Glycerol 10.0 60.7 (Chanika
glycerol and (NH,),SO, Saenge, et
Yeast al., 2011)
Extract
Batch Glucose (NHy),SO, ---——-- 36.2 62 This
and Study
Yeast
Extract
Fed-batch Glucose (NH,4),SO, Glucose 52.8 54 This
using two-stage and Study
Yeast
Extract
Fed-batch Glucose (NH,4),SO, Glucose 45.1 54.5 This
at 30 g/l and Study
with three LED Yeast
Extract

*MSG: monosodium glutamate.
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% 4-34  Rhodotorula glutinis XK $1 A 72 pR 5 tb 8 (10)

Fermentation Yield* (g/g) Max. lipid Reference
Strategy productivity
(g/l/hr)
Fed-batch - 0.88 (Jae Gu Pan, et al.,
using 1986)
oxygen-enriched air
Fed-batch 0.24 0.05 (Feiyan Xue, et al.,
using 2008)
glucose feedback
addition
Fed-batch 0.03 0.12 (Chanika Saenge, et
al., 2011)
Batch 0.21 0.35 This
Study
Fed-batch 0.21 0.35 This
using two-stage Study
Fed-batch 0.19 0.39 This
at 30 g/l Study
with three LED

*Lipid produced per glucose consumed.
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R1F HLBBREARRY
5.1 &%

BEEHARY 0 TR RGR AL E BHERE S RRE

P
belo

o

N

B~ ARZIBEUAREEEERBRIFIZER > BB LU TARLE R

1. & R glutinis Z Fg 5 BE 5 #7 & R #1385 & 05 B (0~96 hn) 2 % %4340 > R
glutinis 4= B 9 PR A i BS A 0 LU ER(C18:1) & 50~6096 ~ #2 AR 8 (C
16:0) & 20~30% & £ ; ##RHbR3%%& 24 hr 2R » pH A @4 AL 5.5
REE2 AL BHEIRARAERME A EE -

2. BARBBREBE BT - B KRB 25 REEAS g/l
30g/1~45g/1~60¢g/) -~ At RRRBREQN~4g1-6g1-8g1~10g1~
122 #8554 UREEEHEHRR > BAEAZXEEBRE  RTES

AR ERWIS > ERFBELEBEHGRES RGBS Y
NADPH ; (5 ZAe4s 5 A BB E 3 » HEEEE RG4S ELRIEXZ
¥ ML F A RORBE W o RABEHE S R BERE €/
ZUF M i e XUBK b BSR4 A A B AR b s Z AR 1F AR A A o

3. hASHEREATRGOmL ~ 40 ml ~ 50 ml) R AEAR (S0 ml) ~ Bk ik
(60 rpm ~ 150 rpm ~ 210 rpm) ~ MR X E R 2 FEF 4 0 F DO A
TEHRABARE R B KBEN S KDO B Emie) 4
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kK EABRSGHEHESE -

B RS E F(18C ~24°C ~27°C ~30C) ~ BAHFRB A )X HE

Fko o DL 24CHBRBET  REBSIHESELAREILS -

b R ACAHAKREZEBE  BABAUNRSAMOLER 2

P

EAHERRE  EMEERTED RO ERAKHED G LR
WAL 46 ) 2 AR IR (60 g/l ~ 100 g/l ~ 140 g/DHbR 3% 5] &) 7 4R Z (10 +
2g/1~20+4¢g/1~30+5 g/D)ERHF LR B ResiF 40 0 AL 4s B HIERE
B 140 gl RIBET > EARGHARAREAWHR S MEHHH
VEREBAT HABNRS@BRERRE  RAEALLE > QRLEHH
WEREA 140 gl RIBAET  AREZ B 2(62%) B2 b4
7 i% %(0.35 g/l/hr) -

BILRBAEER R ABERIBZAZIES AEREATHERE R
FHbR 2 B2 R8 45 40 > R % DO A (60 + 1094 H] - Ak mf B ik &
ko RAEBHZES3.2g/1 3% % R DO A (25 + 10%) 3% 4] = i 42
TRIE(36.2 g/1)» Atk FH DO A4 H] 2 i As &2 (52 £ 8%0) A BA VR
& DO x4 2 b5 2 2(62 £ 7%) 5 R MEABEAZIEF RS > £
WA R LEE AR RS IS S EEAA R ABAZTHFEM 60+ 10%
E25+10%)MAF 2 ABEMEE S WEREAZHEREREH RERT
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T B3R & de i A KR $(0.74 g/Vhr) $257h fs £ & 3% (035 g/l/hn)x
BEI > LIFERT HEAHE KR -

7. BMRAEBEIES - R = Z LED KR ELIE &G BE R84 40
A 35 B 4 4 3849.9 umole/s/m” F 0 f S ik X ta ek B ik R 4 4 0.87
g/lihr > BibRs A £ R R LB DHE 4 034 g/l/hr > 12dR54 & 84K 5 =24t

% LED #R(F3 B 3849.9 umole/s/m”)$4 Bk 4% 54 F w6 T o 4% 7 AS

i

A EHEM BAERIEE 2 49500 L F 58.6% i MLt S ML S A AR X

# 0.39 g/l/hr -

5.2 kRRER¥

NG EZRE > AT A AT R BIEH:

BhRCARAERRARRET X BITRAERR  REEHSEESE  5d
FEAERFZ AR BEUBRBERE AR B IRBRERS  BARBART
DR GEEAERREFAABE  TERBERNE —RAEXKL UMEBEHRAS
BRBER  BEAABREEZERARRE AR UL @iniE T RMHH
BE > MRS EMBAEEERE > RAETH R glutinis R FEITH ISR - R
FERMEEERALRAMEW O BAKME - HRCEFALAERERBERAE

MCO BAMME  EmRJZERBIELERE -
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M4k B.1
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1.0e+6 A

8.0e+5

Peak area

6.0e+5

y = 748255 x

4.0e+5 A 2
R“=0.9976

2.0e+5

0.0

0.0 0.5 1.0 1.5 2.0
C14:0 Concentration (g/)

Methyl tetradecanoate (C14:0) 1Z E Mz & 4 F #2 K,

Peak area=748255x(C14:0 Concentration)
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ft4%k B.2

Methyl palmitate (C16:0) 12 # 4 & 4%

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 = 731173 x
R2 =0.9963

0.0

1.0 1.5 2.0
C16:0 Concentration (g/1)

Methyl palmitate (C16:0) 4Z 4 & 4 F 2 .

Peak area=731173x(C16:0 Concentration)
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Mt 4% B.3

Palmitoleic acid methyl ester (C16:1) 1Z &4 & 4%

1.6e+6

1.4e+6 -

1.2e+6 A

1.0e+6 -

8.0e+5

Peak area

6.0e+5 -
y = 760568 x

2 —
4 00s5 - R’ =0.9974

2.0e+5 A

0.0

0.0 0.5 1.0 1.5 2.0
C16:1 Concentration (g/1)

Palmitoleic acid methyl ester (C16:1) 12 & Z 4 2 X,

Peak area=760568x(C16:1 Concentration)
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fit4%k B.4

Methyl stearate (C18:0) 4% &k 4%

1.8e+6

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 = 785914 x
R? = 0.9952

0.0

0.5 1.0 1.5 2.0
C18:0 Concentration (g/l)

Methyl stearate (C18:0) AZ £ xF 4 F 2 X,

Peak area=785914x(C18:0 Concentration)
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fit 4% B.S

Methyl oleate (C18:1) 2 &4 & 4

1.2e+6

1.0e+6

8.0e+5

6.0e+5

Peak area

4.0e+5

2.0e+5

0.0

y = 525880 x
R’ =0.9953

0.0

1.0 1.5 2.0
C18:1 Concentration (g/1)

Methyl oleate (C18:1) #Z &M & 4% H #2 5.

Peak area=525880x(C18:1 Concentration)
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M4k B.6

Linoleic acid methyl ester (C18:2) AZ &4 & 4

1.8e+6

1.6e+6 -

1.4e+6 A

1.2e+6 A

1.0e+6 -

8.0e+5

Peak area

6.0e+5

4.0e+5 A

2.0e+5 A

0.0

y = 828305 x
R?=0.9961

0.0

0.5

1.0 1.5 2.0
C18:2 Concentration (g/l)

Linoleic acid methyl ester (C18:2) 2 &k &4 F 2 X,
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Peak area=828305x(C18:2 Concentration)

fit 4% B.7

Linolenic acid methyl ester (C18:3) 1% &y & 4%

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 = 745008 x
R’ = 0.998

0.0

0.5

1.0 1.5 2.0
C18:3 Concentration (g/1)

Linolenic acid methyl ester (C18:3) 2 & &4 F 2 X
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