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Repeated Batch Fermentation Recycling Waste Water of Fermentation with

Cell Separation for Lipid production

Abstract

Biodiesel is a good alternative for fossil fuels, and microbial oil is particularly the most
potential raw material of biodiesel production. Large waste water disposal was the major
problem in microbial lipid fermentation because of the intrinsic property of low and
intracellular product (lipid) yield. In this study, the repeated batch fermentation with water
recycling and cell separation was investigated for the reduction of the waste water generated
in the lipid fermentation of an oleaginous yeast Trichosporon cutaneum CXZ1 strain. In the
repeated batch fermentation, the waste fermentation broth was recycled in the next batch
operation after the cells were separated with the fermentation broth using two different
methods, centrifugation and flocculation. Besides, chitosan showed great effectiveness as a
natural flocculant for the flocculation of Trichosporon cutaneum CX1. And the result showed
that flocculation can be a good replacement of centrifugation as a separation method.
Furthermore, when flocculation method was applied, it is an easy way for saving energy and
lowing the risk of contamination. The result also showed that at least 70% of the waste water
was reduced using the proposed operation in the substrate of glucose and inulin, while lipid
production maintained satisfactory in the initial four circles. Furthermore, it is suggested that
T. cutaneum CX1 cells might produce certain naturally occurring inulin hydrolyzing enzyme(s)
for obtaining fructose and glucose from inulin directly. The proposed fermentation method
provided a practical option for reducing the waste water generation of microbial lipid
fermentations.

Key words: Fermentation mode; microbial lipid; Trichosporon cutaneum CXZ1; flocculation;
waste water recirculation
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Table 1.1 Lipid content of some oleaginous microorganisms

WA MR (% HE) SR
Tl

Chlorella emersonii 25-63 (28]
Monodus subterraneus 39.3 (29
Neochloris oleoabundans 29-65 =01
Schizochytrium sp. 50-77 131
Y

Arthrobacter sp. >40 [32]
Bacillus alcalophilus 18-24 (33
Gordonia sp. 72 [34]
Rhodococcus opacus 24-25 (331
HIA

Aspergillus oryzae 57 [33]
Cunninghamella echinulata 35 =
Humicola lanuginosa 75 (331
Mortierella isabellina 53.2 (6]
(a5

Candida curvata 58 [33]
Cryptococcus albidus 65 (33]
Lipomyces starkeyi 68 [371
Rhodosporidium toruloides 58 (3]

1.2.2.1 T

THE R AN B IR B B, T DL E ek — S A i A g, 25 A AR S
WP, R SR, R BT A > O EL S KRR, b mE R > 3.4
)0 TR AR IR, EXTEAK W], A 4 h L FE R DG n—#%, H—#&m
I At 2 24 ho TRIRIG S R IR S B &P, SR A 20-60%2
] (R 1), fEALEF, HAARATLIET 80%. Hlvk = A i i AR XA 2 A A A iy
B, W (18:1), FEfmER (16:1), WHKER (18:3) %, WA/ PEMMMAREE, £
IR (16:0), BEARIR (18:0) D1, ot iy A K o A o (o vk A o B, (A5 R LA
YA ) S B R T v o e P AR SR K& v I, AFUAH B T AR B = ey, BT
HBERGTERER, SFERERN T, JFHBEERIRE TR, K=
MR T BRI AR A = A
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1.2.2.2 20

20 8 PR ASUA /B 43 S A 7 ) 0 T A g A A S F i A0 g sk r e A A /0
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HAMJERIANE, 40 Gordonia sp.BEFR R T EH K 72% M i (R 1D, EEARN -+
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AEYA, BL,  H RO R RS A A TRE A vk el T R, R e A
FEER LU SR R R T B Y fadD PR ol BRI ZBHEG A SR A0 %) 2 PR AN e
B PR S AT, T AASE K B o A 7 i i R £ 7 BT LA I 2.5 /LM, RV A i i 45 1 ik I
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RAEED CLRAHN 25 5 55 2 A 05
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B [FRE T DA S A= P 5 v A 7 1 SR R R, — Lo A= Py mT DAAR 72 v vk 5 1 vk
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AT DAA5 38055 0 (0 AS [k 2 f vt i &5 &, Aspergillus oryzae 7T BLAR 2 579% 93 55, Mucor
rouxii F 2 MM AR R A 30%. FEARRIhAET, SERZIRTRRR, 53 3-17%".,
HEC A= AR, LS - TR, BRAE BRI IR B S, 7530808
1% FR G P DA B N AR S s A
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RER ZLBERE, 22 f e B AVHR [QPE BE 55 . T35k U, IX SeFEREn] DU M RIS 2 5 & 4
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1M, AN [ A 2 1] ()3 i 2 B DA S 2R AN [T ) o A, 25t BBk I R R 7 1 B R 1
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HOHE FH AR I A 72 A i I i T A7

2, BUE DL EOKFEHT . BB A1 4 20 9 JEURMEEAT A I A AR 72 3 i 1A AH DG A S 4R
Z . RIRAGERPIFIREM B E BB = oAk, dgER. FAERUARRER. &1t
YR A S BRI TRAL B S, X 26 SR AR AT DU A N A 0 m] DR FE () SR, an i



AT KFW 20005 9T
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HIE 50%00, AR KL, RAPRERL, SR, PR, MR
AP R EM B RS R BOR Ll RE B3, DI R KON IR AE 7=
WG, AR R IL 42.8%07,

R, WEARATERD TAAERNZH, AT WIS, HKMEE T
AT N-CBE-D-H b i UL S LA 2 e, [RIFEn] DERUE AL fG, il 2Bkl . X
SEORSEHEFE R ILAE 22°C T LA N- £ 2 57 4 B kil , B B Cryptococcus curvatus
2 AT LUA F) 54,2609,

e, PR YR AT DR — e TR 3 A ALk A iR, SR A2
BRUS G o SRBUEAE SR Y 15% ) 0 2 IR 07 8y 12.8g/L &2 35.3%,
'EWIE N 36.4 g/LMl, Donmez 5 FIMEEE NIERL, RS ZLBERE . PO 22 W RECL RORG
PEL IR BF (0 2 i 22T LA 3K 3] 60% « 46% LA A2 69% o L HIMAE AW Sem K &4
PR T A I R R R S, R B AR R AL #E T, Chanika Saenge %% ]
Rhodotorula glutinis EZERFLAHMONERIE, BREREAEIR, MR 20 3 mis 1 fd AT &
BEDE T, A Tab iR & A DR, o &R IR 9.5%, CIN ELy 851,
T JHe O S I U A A8 RO H v o R B IR R RE 7R C. curvatus, B AR B 2 AT A B
52060°", Angerbauer, C. %534 H Lipomyces starkeyi B#EEULTE LTS V8 A 3L B AT K 2,
WEFE R, RAFERT5YE Lipomyces starkeyi FERFLEIEH ALK . S5HE. BlALHE DL #
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REFRRR LRSS, Zid s A B (35 e ok, ik F) 1 g/LB, KM% Rhodotorula
glutinis % BELAMORE IR 7K A 7 0w 26 08 10 77 SNk AT 7= i K, AV E R sk ®| 25 g/, &
HFIEF] 20%, KT 45%) CODI, iz, &Masus kA 7= 1 JFRE,  #RAE I 2%
BAE A MR JERE, SREERAYDM G, o2 AW S A P R A
1.2.4  FEIASCAE YD A i TR AR B AR A g IR AR 2R I PR 3R
1.24.1 WM R @A

TR AT LB A S A R A R (D MWRER, BIE—EB0 T, fkb
FRHTARR AR, BN, ZBEEE A (ACoA) FIPN Mt ft4ilE A (MCoA), LA EA]
HRICAFNE R &R, (2) #RAR R, AN TR IR R . TAG,
I+ HAEA BN DL— M R AR I BB T AR 2R o XA I FR 77 20 Bk MR K iR, 18
AL N R B TR, LA TAG FIEEERS (SE) M4 SE, DLRTE LB NI
SUSY, T AR R IS B PR A 7R 350 B ek AR B0 M Sk £ T3 A R A E AR I IR 1) 45 o

T RE R AR IR S & TR EERF S SR LA A S50 I 5 107 R R A H vt B 2R3k AT
FRALAER, DAA K TAG B0 H imBs A== SE. WSk A R, g 7 R 14 e 00 1A A Bk
JR - FH 45 ) ACOoA #t, 1 ACOoA R H = RIRTEH H ATP- Frig TR AL (ACL) 2
FEFTIETR, FRITREEE LA I MCoA Ht (WM 33 ACoA (ZRRifk) fEK. Ziki
T &K ACoA H B AL AR MR W= £ . MCoA H ZTAHEEA AL
(ACC) A=, FF H MR K& b F E Rk E 1. gD RR I A4 (0 5 — 2
EKHTFE 2 511 NADPH. NADPH = ZURIETIERREF (ME) /Ef. X =Fhf
(ACL,ACC,ME) i\ J97E i iz AR SR 15 [ A2 Hh e 2 S5 ZE AR A

TAG 14 Bl % R 7 Kennedy 32 72 P kAT (010, 78 TAG &R —4, 3-TERH
(G-3-P) #% G-3-P/iEEL 2. (SCTL) Bifk, rFAiFMBEfEER (LPA), H it —PH
T BN IR . (SLCL) BRAL=BENEER (PA), it B R B /KRS (PAP) 1)
WEEIRVER , W LUNBEAGER (PA) 453 5t Hl (DAG). ZmhY PAP I¥ZE A 7E /R i
I E B2 BRI FE K 20 R A 399% FNR T B2 B 1Y) PAHL ()3 K4 [H] . Pahlp J& T PAPL B ik,
LR 3 B 7 B MO A A T P R (%) o 7 T S e 5 33K v P D e A
A% R BRI R A A P 4 [ 10 90,

1E TAG &5 —, DAG 1t sn-3 #lt Rk, X ZiEid ACoA il iy EdkE
ACOA A AL 1) [ MEAT I (B 1.2) . ACOA A ¥ [ B = FP g T f 4k : Dgalp, Arelp
A1 Are2p. DGAL Zwtth Z.BEHHE A Hil BBt 20 (ACAT), {H2H1 DGATL LXK
i 4 B ) AE AR D FTORT L 3h 4 T % LK) ACOA: JIH [ T i I 4 R4 i [5) 22 OB S AH 5% o A I
‘BRI ALY DGAT2 2 & T A — KMk . (EfENRER IR REH, Dgalp L T42& TAG &
R E ARG, 1157 45%01) DAG IIBEALIER o AR IR B, XA 00 S R F i e
FEFHRRRAE AR BN A TSI AATR . ARIGER IREERE R Dgalp BIAE A FE A=K HA )
R IR ET G g, FERRE WA B ok . F 2Ot HEYFP Arid DgalP 27,
ot K2 Bhr g AR = w1
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PRAN S RS RS, B AREL F1 ARE2 B[R Zwbd, oMy i £ & 30K 25 R 1 B AR (]
VN, It HAE ACOARIRAL N 4 Z WL EE R B Xt DAG 1 £ Ak ke 31 5 kA 7,
Y1ArelpH —NEIERRITH], K2 30%FIERE BERE 1 B R FVERYIAE R, {272, Y1Are2p
ATY 1Arelp i [F R P ELIC (17%), FF HANE 75 b i) H il —Fe ik 22 # B (DGAT) (22%) .
NKf¥ DGATL (28%). FIfEY) Athaliana (25%) FAHMICE. B (X Lefig 45 @ T 2.1k
Wl A IHRE B FEREBE (ACAT) MR, HZEATI 2R L 21307, 1) DGAT1 £
DRI X M R 53 2 B0 s 80 TRl — . R4 Dgalp. ArefF 50N, ST A 7EAR
JEHB PP B AR KT EOH TAG & e L Zi i e F 221 . WS 1K) DGAT I35 14 7T fig
VR T ARE LK BB R UG 1) DGATL RIS . TEAATF 7L, Arelp i T4
FI) ACoA JiEH, SRTT Arelp f[al AEFNFIA LA LWL SRS A JEY), SERTI 3
WHIR & 1 TAG.

ERERES, ACOA AEARHTY i /2 5 Lrodp Firfdk, —FRbAD ANZEHIURmENg: A0 [ g
LR (LCAT) H 27%HIAE 741 XMl EAA B NE G F1 £ 4 AL B XU AR
HAGE R NREZFEY), RE LrolPb ARES RS EE, JEHIFANEEBE:
HlEE BB DhRE. DAG B/ & — NIk s S, B dE sn-2 fr B A1 H
WG, PLciZ+ PtdCho Fll PtdEtn. Z:BRfANEHE IREZBEE) LROL ¥ FEUA N TAG /KT
K% 35%, Lrolp 7EXTHCHARIVE AR/, (EAERR e BAENES TR R AI/E A

SE TR B ELHE MG T R 43— 0 8 I (R 8 6 (1) S o BRI T BRAA N (R A7 IR B R SE o
1 50%, {HA& RA/EH SEEMARHE REFEE R & i (2-5%) . FERRINIEEET, L mE5
i A ‘Eéﬁa: LI I Arelp FI1 Are2p e B35 B BE BB AL AE A B ME— (1) SE & R, Sil/b i
A ARE ZE R W B AR RANBE & B SEo [FIFE 145 AT AR AR HR [QIE BE R 3R 15 . AR AR ER
[REEEA NI & SE PR R o Are SREAH E W REIVEA, ARATTROAH AR FHAEXH S A KO
L Ed

HE TR & B A H G T TR & il 52 & AR i, FEAS IR JEURE B T X RS S A FIT —
T R e A Ao ACOA TTLALL SE B TAG ISl . SE W& R SE A Rl FTfiE 1L,
UERGAD, N R 4G A: ST Z TR B FVR; SE BV B SE /Kl P i
e, B R TS B AN S (P T T IR - TAG BB TR 22 W TBE i AR H i -3- 12 (G-3-P),
T -3-RE B T At H Ol A —E2 0 (DHAP) B4z, GUTL 4t ity — b H il By
Hil L G-3-P, RN AR . FEAR G-3-P AR5 4l H i -3- B e i S B4
1L B DHAP, H-iii-3-T R it Ll i GUT2E R 4, 72K (1) DHAP W] REE N bl B2 fif siobi
A =AERESONE] G-3-P IE R E, B TAG, XA AR CFE I B0 1) 2

(1) ZEEFEW N G-3-P [ sn-167 774 LPA, EALIIETE G-3-P ZBER M, (2)
£ 1- 2T HE-G-3-P Wik F5MF (AGAT) BIVEF N AL 3 sn-2 A1 E, =4
PA; (3) PASRIGHETENIGIRIENGRE (PAP) il 8512, 74 DAG;: (4) iEid ZWe4Hl A
W B AR KIS 2 7Esn-3 A7 _EINNZE = A ke . 78 AR A JEM I g, 2R
SACERE R H B AR TR AL, SRTITE L BEAHEE AREBIME ISR, OB A R4,
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TAG WIAZN AT LA TAG Jii 107 8§ 1 7K A AE FH A2 Bl 25 I T R LA S DAG . i 25 I IR T R
SRJE AT REIE L B-SE A IR IR IR AR,  BLIR 1R HE POX,MFE F1 THIO K, 1X—i&A 35
AL IR . EMIRER IRIERE, -SSR I 28 — 20 o 7S P (R G i £ Pt A g
A EULEE,

Fatty acid synthesis

Acetyl-CoA Malonyl-CoA

DHAP, +— *+— Glucose
Elongation
evele GUT2 GPDI1
Acyvl-CoA G-3-P +———  Glyceral
Y GUT1
/_ SCT1
LPA

Sterol

l SLCI
AREI PA Newtrallinid
ARE? Neutrallipid
l PAP synthesis
PL 1Co.
SE DAG AcylCoA
LRO1 DGAI, AREI, ARE2
TAG
‘—/ TGL1 | TGL3, TGL4
Sterol N—. FFA Glycerol Mobilization
¥
Acyl-CoA Degradation
| Pox1-s
B-oxydation | MFEI
V1101
AcetyLCoA

I 1.2 PR P A P LA B AR SR 1 D7 AR 2 25 e 422 1 i m o)
Fig. 1.2 Overview of the various pathways involved in fatty acid synthesis and in the storage and

degradation of non-polar lipids.

1.2.4.2  pHilEEEER b AR AR 2R AT RE B A DAL S R

PRI R SR T M OT R ORI R, MR (Fans & i BRSO
NHFRIR R MAE . Z AR R AT RETS S I A . FERCEY) AT e IR AR R A A
0 SRR R ] o IR PR A 2 T o ) e 7 B ) % 1 I LR 15 S R AR 3R B e B ) PR
IR, AR, BRAE DA RS ik B OB, AR, &R, EEFD. Bl
o 284 5 3ok R R B 1 PR RIAZ R & BT L A0[RI, XN I R PR I g . SR, 7R
RPRHI SIS, AR Al R a1, (HRRE R [ AGAE T Z AT g o k(2 A
B A S PRI IF) e I R 1, 3 S50 B N AN IE SR IR Ak Y R T AR R o SRR =
AR RAE FIAE RS TR R G 7 2k T, i — P& ) TS50, 11 Bl 5 iR
MMM GRS, (HERXFIMEOLT, BRIEH LS P2, AFEEE, &M S

H R
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FEARI] (AR R A= 3 D AN AR 5 R Cel 18 7R B BR ) AR A =R R B,
I HACE BRI AR AL 7D AL R, — S gant] GRIRME A
I, AR AR gt (= HRBLH i A TR (5 0 XAl AL 2 H U R
IR . T35k, FEMIRAR R I, AR CZBLHINE AL 9 B R BEahne A A H
D ABERE (ATP/INADPH) #G= AR & ROPT L # 1 . AEIE,  FRATHREFR I 1 A AR R
3= ZE A B AR

AMP it 2 B 7535 77 5 P ROIERE R A0 I A5 B » e A R 2B A 7 Bl 2 E A 3T

AMP Jiit 2 i AL R T BT AMP— IMP+ NH;

AMP Jiit Z Bl IR0 B AIC 1 Zakifk b AMP BOUEEE, JF LI I 1 200 9 B2 AR 25 1 R ik
JZ o AMP K I FEAR M 1 SeAT IR i U8, A2 DAFT IR KT BEAS 1 AR IR 1 34 o IR
B SR AT SR A AT ERTR BN R, AT RIS R R IR AU 17 HL R AR T

NN R TER (& et 7 ORER) O A. SRS A B4
ATP-FT IR LI (ACL) ZR MERLAR TR BIFT IR IR o

FIEHR + 37535 CoA + ATP — ZECoA + EEE 2.1 + ADP + Pi

JEFE M EERE, GIIERIE R, R IXFEGR), ALERRER KB R AEAE . NI
ACL HH— M —ME A A, H— AN — R g, (2 NG I OC R B R R 55 27 1A
PN IE AL 8, Aclap F1 Aclbp, 437l FH ACLL Fl ACL2 4wt . Xl 75 B AR 29
FWE, FF HAH T R ER s U R R« AR, ERIESRZ RSO, HAR S TR
D, TRBOE T AMP L

BT ACOA 4, FaWiFai & pid 75 B S A Wi k45 MCoAFl NADPH, MCoA
WAL OB EE A SR, B OTRAEE A RALET CAcclp) fiE 4L = B 15 2

ZBCoA + HCO; + ATP — T Bt ECoA + ADP+ Pi .

YT, R =R BRI I — L& TR a) =4, Wit BT . fERERE,
Acclp HIFTERR WMk BE AR R I0E o« CEMRREHR IR e Bk, Ikl s ACCL BRI 4fid, R
Fr%nf) YALIOC11407g.

NADPH = JENiRR & (FAS) HIDIREAT LR . KEEINN NADPH I i F
RILEG (MED BTEEFrailo BE A0 10 T THI R S s

SEHLER + NADPT — AR + NADPH

S MIEB] ME 225 i A B0 R (V0 UE 98 2 7545 B B 55 Hh FH 2 ORI 410 L2 B 110 4% 12
5, W RIS WA 25%08/0 3] 2910, Ratledge 5 FIiEIE T ME 7E IR AR &
HHTE L B AT AR AR FE I IEA R R R . B ESHES, ME HdERIAHITER
BN T PR B 2.5 R, ik R e ik ) g ) e I - 3- B 1Y) 5 e B AR ) B R
ik sttt fEm IR ER IR RE b, RGO  MAEL RERZwL. SR, V1
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IR T 45 L H, MIRHR ECBE LT, NADPH (R I A& IR AR 2 R i R =190,
1.2.4.3 FEMh AR R R &

TR AR 2R R B T A AR B, 8 SRR BRI AR SR (1B L, 9 AT pH
A B A R AR =, T AR TR RN L BEFIT 2

A 1) 9o i AR SR R A 1 AR B R AR AR B R B R BRI, — s 9%
PRl 2% B PR ) s 1 AR o AR I EIS DRI R — i m] LU SRy I e ik 40 i B 500 1) 7= i 1%
REo i AR HI CC I RE AN 72y P B R 1 R AT A [R] P AR B 2= (R A P o TR VB P R AR 44 78
PR AR TR, X H Vi DU 22—, 5K R 7 R D) B 2 o RS T B FH T 07 PR FE A 3 ik
FSL b, BRI RER G 7 9 IR BT (A G (]2 4 he AR BOX R 2 S
FIF R 0 SR R 2 B AR RE T PR BRIEEEREASRER A B (TAG FIRE IR (1R &
Y1) AT BRI R RS /7. W FERIEEERE, BRIES BRI, K AR
WAL I JF ARG A, A OB . (RIS o R B FE v, BB EE BE = 2,
T2 1) 41 26 B - I (R 54 77 %R 0,548 MOlegon/mol g, B K LA K8 0.43 ', PEIfH 2,
W2 R AR 2 3.3 g/l hl7A,

fife I T EK I B A DRI _F A K i A Ko 0.26 h*12L, fEuiig B K
KA KERR 033 W8, feppiiid &, BEIRMRHBIMAIE T, MRASER I REAT DL AR
KRB RGP B =8, Bl &R (CA. SATER (ICA), o ik R
FAEER . eI & LN TAG, SERF I R LE, A M B FQRERE 2 — Bl ™A &
AIEERE, AREES= O/ . BT CIN, AT LAVEEE R AN [F] AT DASz Il (AR 2R . 2lidge
AR, AR = AR B O & R A S i (= IR H b A0 S e o Jd i AR
Ko, e HR CQRE B p ot 2 BRI B T DU Ak R MUBR IR A2 77, SORT DA A Rl i 1) A 77
(TAGSE).

WIEHIF SR, DOMBRRI =2k, B, RS, HEMERE AT
W, BN B s FR IR, pH, BRI . (RLEERE sp.107, 4T AR REA
fift i EIS E I B FH 3k B AR B 10 R RIMEE IR 1.2 FioR, #R7EE 7= IR A5 T it
TR, e . BE. BE. BREUBE. (RO, FURFRSIESCE IS SRR R, IF
HAAH T Bl rIAER TR & i 42, 155 0.22 glg.

XH, PATEE SR ARG, X I AR R B A RS TR PR 5 A . ARYE R
AR, BRI EFE N B . 3 — B BOR A K B I RR R AR AR I Bl s B il e
W%, AR REIITAG . TR R BRI R, AR ) AR 8 AR e T AR K
FRIRR S [N e B R A o AR K I (] 8 T CING RISV AT i e AL
BT ORBEIIIUR CING X = I B RE R 4T A fRERESR 3G, 24 C/N HL A\ 150 390 £

350 i, 4 B - i A0 FE 1L 3R A 0.25 1 0.4 (Cmoly/Cmol ). #RT, 24 C/N i 350

glu
I, KA E R RR IR G, SR R B MR AR R BT, dH R A RE 04
i T g,



AT KFW 20005 W15 71

1.2 MRAEE IR IR AR AT 2 g & A R
228tk sp.107 (@), [RIZLAfIEEEE (b), MEIRHERIREERE (o)
Tablel.2 Lipid content and lipid yield as a function of the nature of nutrient limitation for Candida sp.

107 (a) Rhodotorula glutinis (b) and Yarrowia lipolytica (c).

PR Pl 2 L2y sl Bl (%) RKEER (glg) 22 3Lk
A a g7 37% 0.22 73l
A c SR 28% 0.11 [7el
£ c HMEHEEC 38.6% 0.22 7l
A c #=R 11% 0.017 8]
£ b AMEHE R 72% 0.255 2]
ik a BN E s 14% 0.07 73l
i b HRE 7 62.2% 0.205 9]
74 a AR F 31% 0.15 [l

BEAIA a EP BN E s 35% 0.052 73l
5 a iR 32.3% 0.10 73l
B b R 34% 0.22 4]
B b R 45% 0.12 [r4]

K, & TR R BE CIN tmum% (Cmol, Cmol % ), q R

)&% & (NmolCmol ™), g, AFR KA B TR = 2, ] AR N ERRIE

SR, I AT R A AT, Cmol A5t /Cmol 4

WTRBRIEA A PR AR 2R (LS R0, BRI RIS e 4 N iR 12 i &
SRR o LEXPPIEOL, BRIk b BRI FE BRI S R I FR 22 o IR I HIS IR 1
REA AT A 7= (0 1 LBk P K 22 107 mol 02, G Uk 2 i oo R SR AR ER
XFERT CARHAE N — AR = (PP R4, 50, K sema i i AR 22

I, GRS IR R, AR SR B . R, AR A R
EGEH T IRIF IR BRI . EIXFEOLT, WR AR R AR TR B R A X
S IR SRR 1 A RSN R IR I () E A, X AT DLSRAS SR AR R AR 2R, IFaD
BRI A

bR T E FRR R BRI LASL, N T ] LR P AR 1 4277, 1B R A 1 24
8. Papanikolaou &5 /& EUFE RS v AR AT ARG i PRI ) Y. lipolytica FIAE¥&=, i
G 7 T B 1 (Y, Kimura 255798 7 ZRE%E L. starkeyi P2 IRISEIAIE L, 25 5280, /I
ST R 0 T R A A R KR A R, BN 10-46%19, X SRR
S5 | OIS L. starkeyi PRIl AR, LR DA A EAR R 13.9%. N TR E
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PR AR, 54T, 0 H AT U T Feah s AR R AR LR
31t IR P 2L T DA SR o R e P SR s B, R R A Ay, B TR IR, DA
VRLRN 2 e 5 5 5 1) il T PR b o 940, [ 20 2% REFE 15°C AT AR 0.44 9 a6 9 G

AR AR TR, E4E 30°C MIA 0.44 g g, Onc ™o 1P ith IR A3 OO VA 3 AT 6 A2 1R T 7E

AR 0 VLR P R Tk 3 I, A B A SR BRI A . SR, ARIR A
AR AR, PR 9 B TR N9 3 SO L P R P AR R R B2 R PRI o 0T R I R
F 53 (PR RS P 22 TR S (1) B ARSI A 2 oAb 1 — 8 A it 2 7 P 2 K g ) 7]
filhn, JRER R, BCERRARTRER, i, FRERIW.
1.2.5 $EmEmiEiR R

XTSRRI = A=, o= AR RS AR AN |, AEEE X T30 = (A IR HIE IR B,
VERF= M E ) PR R UE, 25 FE BRI RERE P A K& AR =4, B K&
TR FE HLorT DAE AR I B A AP AE . T DIARYE A E R — E IS 0L T A F CIN, &l
Iy VU FRAS B B ARPIRS (B 1.3). 5 — b ol it b AR KB iR 2020 . fEIX G L
N WG A A BT, AT TR e P A IR SR TR A D (B (] 1.3,
L a)e 28 FME DL, 7EMRE BB RSO T, 16T e IR fod M il B ok
KR, XML NS EE K EERAR (B 13, fEib). H=FELE,
FE—ANHEM CIN L RsFR i, NI IR, AT 3 350 AE 47 5 1) B AN v 2K 1
RAM=E (B 1.3, 50 o). HEPURFMEILZ H— NS CIN G, FEOHIER R
PN, FERIR G (B 1.3, 1B d)e WA B AT Y2, AN %
PRAE BT SR B e KRR BE B A A g, DRI 9 iR 2R =, 3G ig i)
B AR FRERES L,

S =M A E R R bR TR, (MR s 7 DGR SRS 9%, LLRT
HH ST AR 1)K 2 Bl FR AR 2 A bR 5
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Carbon flow/growth carbon flow need
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ar itr vtic . s itri
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1.3 78 [ e BRI PO T AR R BRI Hh 1 T B 10375 3 B )

Fig. 1.3 Yeast activity as a function of carbon flow rate for a fixed nitrogen flow rate.

1251 JptdsaReat
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JEVDTEFER R N E 4 4%, WhlE = AR 0 2 2 3 £% . AR AR G R 2 1A 1.3
HITE L o SRT, FFERIRI P AE MR re/ry KB SR, IS BT AR A 15 4
d#%% (& 1.3). FERI7AERIK T ABRIEZIHAR R e Z . L, iR E %
E T A R AR W o () A RS FR e AR SR AR SR v IR B b e B DL, 5o v R PR B A
ZR B L3 2 B EAT R R B 72 A B 20U, AT BT DL HA A I 285 3R AR o3 il s 57
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HHT, SCHERIRIE 17l R 1 7 SRR EOAM Uk, HR R s i rh, B
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AMUEAN IR SRR AOR, RS M AEK A mHEN . Xgit, it
IR TRE R 7 2R AT B0 e I B A VR FE A IR 7= & o BT DA, JESEG 3%, MR i o7 DAL
— e H A B3 77207 A E T
1.2.5.2 HELEE IR

C. curvata D 7E LU BEFACHE A8 75 0 SR 15 7R 0 26 I A 1= 2 73 514 0.16
10.27 g L'h™™1, Raledge &R MIERBERA 0.02 h™ [FELLIHIEN, 40L& A
35%, {E43RmFRER N 0.1 bt 400 ) & il R AR 15%%°), Ykema 25% F FLIG K 7240
NIERE, S84y Apiotrichum curvatum 2 S (¥ (32 25 o I s AT it Mg e 2 87,

Ykema 5 CL& G T [ AF 15 S35 57 Af IR IS IR BRI RE Hh v g A2 = A =X AEIE B 3% 7%
B, W —ANEE IR REZE R UL, BEFRIEEH Y CIN DL rCIrN EE 1. X TR IR RE
R, HrE] ) CIN o] DAty g B RR 2R, 45 280 1 ek JI8 R0 A2 4 JoT (A B 8 LU AE B ey I R RE 26
e bR, E—AMEEI rChN, I AEKEZE R TR A=, Bk, 3R
HIRAL GRS R CIN R, B E R ERMmRE (& 1.4) ¥,
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Fig. 1.4 Volumetric productivity of Y. lipolytica biomass P(X) and lipid P(lip) plotted

against dilution rate on industrial glycerol.
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R. glutinis 7£38 N & & 8/ AN I R B 10 72 %35 51 0.88 g LTh ™8, Jie Zhang %%
£ 30 L WK EEGE R, SR A AR A B8 771, AR &I HE N ECY, Cryptococcus curvatus
O3 NEM, BATHAYIMARII RKEE, KEZIET 185 h i, A&, S MR AHAR %5
W19 104.1 kg m™, 827 g kg, and 0.47 kg m™> hB, X2 15 L R8s, R3]
LI FIERE Y4 3% 134 h i, 40 M 6T 22, Jih A A g 1 7 R 4 il 106.5 g 17, 67.5%
(wiw) A1 0.54 g 1™ h 00, xS (R AR R sk AR R O K 9%, R. toruloides
AR AEIST, TAIECRNEH P2 g 0.36 g Lth?, 1EEmIRERER BE (0 RMEH P 2R 0.57 g
Lt s S R A= 26 055 g LHhrt P,

A5 P R A= 7= 3 i T DA GRAE AR 0 2 7= R Akttt IR HR TR AR Ao SR B i 3l
REIAEF=, B VAT A A8 B A AR UPIR SR BIRE R AU o X PP e R A vT LLE
R B S TR AT R SR AT o B IR ] RS A, AP R R E, ik
TR, X AR A R R

FEFMEL R 55 o, BURBS #1540 428 DA ) 55 11 EE AR K H R A re /g T 8] 1.5
FizR, SH@EARHR IREERETE 28°C LR & M NI AT (Ve LS IR 25 T 3 B B
iR AR GO, SR GD, MR R GiD.

TEAEK I, W RRARRI IR O 7E DU A = B Ko Tt e AT 20 L, TR PR fil o 2R
PIERAK AR FEASYNARRRNAR). X—HRE 1.3 5N b M5 .

Tk I R G ) PR A R ST AR s S B B AL R BRIV o X N AR
b A& ¢ ARG GG o AR B i) 1, RITEE 2 IS BR 1 A 2% 41 T
ST P AR B — 80, R C/N A 20 Cmol/Nmol .

% growth ransition hpld accmnulatlon
‘,—: x“x =
3 /’7' =
3 - - z
3 - \\0\“ . +5
E E ‘o\_~ » =
5 <~ =
= 8 _ P T £
&= - 15
: g r - N‘x = 2
g . Nyt 13
E ’ EVEABAN T 5
B = - e -x__%x \ 2
o [ X \ko B=
2 L S R A  E— |
.E[J T T T T T T

0 10 20 30 40 50 60 70 a0

time [h]

g lucose [g] — @ NH4[g] —3¢  lipids [g] = = mbiomass [g] sessssssscitric acid [g] ‘

1.5 AMRHMI B 77 AR A EQ IR RE (R RA T ]
Fig. 1.5 Modeling and prediction for a fed-batch culture of Y. lipolytica.
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1.25.4 P BOE IR

Ming-Jie Jin 5% W3 BER 77 i L B A P e AR DU A R () i 2 b, SR T B B 1
FAFEHIRNS, MTEREFR 5 RUUG, Wl RS &R, Mt 180 rpm PR
140 rpm, ESEH 0.6 vwm 3R] 1.0 vwml®, SXRE, T AR B L R, FRE K
Fe € JARIET E] . Michael J. Hall 55 IR Bk 3 7 e B i 107, FOd#Eh, 5 —1
IR, SRR R s IR AT R 7%, SRR IR TR MR IR R b 37.5% (viv) ¥
BENGE B, 2B IO A AT I AR AR B, 13 BT 4 PR, R R IR R
FHPR T BOR R AL P A= Wi B FL R XN, TR — M B IR AR K B — e R E S,
B0 R, HERE AR N T BB TR, RN SR T AR A, 3L
E [5 21 200 J2 R AT 3 o I 1R o A T A F 7 PR 91,

1255 AKX

BRIGARIRE RIS, T, BHITF TAEE T IEER G S R s U 7
VIR RS FE . PRt 5555 P 2RV R A B /N RS A N k), b — Rk BT
DL A 2T 24 25 5 SCRT UAAE PR (K vk, R R g 15 R0k 8 42 mglg T4 50,
Vayenas %5 M FH—Fhp [ AS R BB, AR S R e (OB AE i G, IR 2 110
mg/g TR, R FEELEDUNEREAT NIEY, Ki#iE Aspergillus oryzae Jy i FfAd: = ik
EYIERG, AR RS2 62 mo/g TR,

SR [ 25 R TR TSR R A8 IR 22 v f85E, 33K S i) 000 B0 TSRS 2 T S 6 =5 A |-
1FENE— R &4 Rk, KRR [ 25 2 T v A P A A RN e i 4 ) S el DR 22
T AT BRI F AL oA 30 (L8 S A 8 281 40 i pAy 0 R0 358 I B T[] 4 Py 348 )
i) IR BT FE PP R RS BR . — ORI, WFR A @ RO A R B & B0 R 248
B ()08, THEMEEAE MY, () SCK =B FI i F- R R, E
ZH, M AR AR R (i) PO 7T (iv)RDIBOKRs (v)&SE T, fRissr
Tk A B AT AR s (vil) RS AT AR PR A AR . ROK 38 B () R
AR, KEM PRI &, K, 8, HidE, 4ERFRRUKEEE, pH ),
BTG e, YAIrE, JRACER, PRKANR ZEPIACIE . SR A5 R EEA 77 2 AR IR I R
AR — T AT 2 AT R i, L IR A5 3% AN AR W i s Ak o7
1.2.6 i E Y OGR 7 30 R R R IR K ) A 3

RV B (RRTE T2 385 A T E L AR AR IR FED S5 BRANY . G0 A3 IR EORL SR AR =B A e
DABSAR A PSR 1 A 77 A o AR 5 85 b R T 7 =t del B A P RIS ), A BE R J I ) P
BRI =5, HERILZ A, AR TEESRMIER, LRI N, 58
L S A A s 7y 2, DA R e i R SRS I R R Y A EE

AR, CLRETREE T RE AN B B RIR B PR S, H BT A SR A 5 EA
AT — AN B SR A = (A S S A sk . AR B RTIR 2 1 807
FAETERJE, (H5H 2002 B0 B 171k . Zittelli ZERFFERA, KT TEFF U1
T R, B Y B AR TR KL 5 AR K 30%°%). FTLL, Sina Salim %% A4 4
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B I 7 VWS Ay B i B . Chunjie Xia 28R HES pH BI773%, f# Mucor
circinelloides 20 ERfk, SR AT LB 25 5 (RSO 25 il 1R e 2 v AR 100

F—J7 M, TAEY R AR T A AR N 7=, B DU SR, R
MABRE, =P E RERRE AR WS e & et #2 v LLA P ) 60-80 g/L 1)
A, Xk R R R IR 90% LA I [ R VUK WA A R SR T o X AR (R K
EHRE RPEYFI AN, BN SR G Y, BT b A — R
A5 KA TR RGeS HEAT R B, X TE TR T A At

13 fEIRFRREERKK R EMIR BN

1.3.1  EIAI A B IR K ) e AU R e 3P e

— R Dl R B R AR AR FOK IR, R BRI 2 B R m AT
A& (BOD) HIE/K. XL RERSKIAE, MU HES, MHHERAREES
R et BT, WA RE L ZORUL, AMUER LAk DaBim M4 MeAs, i H
LR R BRI BOD B, IR IR/AKAC BRI e o X AR KR A b, b
RIS TR B B AL K B 38 . NI EETT % 8, JEHA A
PR RAR AT G357 3 A,

IR IR K [ (8 53— ANIE R A9 21 v (R AAL R, I 2877 I 7 R — R e
IR CRRIFECRIRD R S (R A B R 5 LA 5 o A 7 e R ) R I s e )
GUR, AR RCE T R R BT R BRI, EAh, SRl R BT 2 AR
P i K T B e XD AR I W S DL 2 5 R AN IS A W R, (SR AE /K BEIRAE XS
BE = X, X PEH i 5 UL o

A R B PR K (1 B BB, R RERLE A B i R R I R R, R R
BRI R, AN A A R AR AR R B 70 i), XL B AR R A T S B
PR X LR YR R T RE 2 R EUR B ERERR K. RVE, £ B, AMIcs
MEEMIAE A A BER 18 T IRSCAR B IR 7T RE RS, I LB 17— A8 (g ok il L)
Ty, (RRAE SR S R B AR R, BLIEREAT R BRI UOR] 0 2R D
1.3.2  FEIAI A IR K ) B AR R B 2 L H

H RTHRIE R 5% T S RARIAAI A B PR K KR A s At O B AR 20 T4 80
FAMANRIE, HEEAZ, I HMRFTIRD &0 KB i . Babu P Z5£E 1991 £,
WA N T 5 R BB I KBRS, SR RIS 40-60%1) K I IR IR I 75, IEFRIEAT T 3
U LI £ B I ATAT 0 7 O R i A 8 2 o A P % TR, ) ) 35 9 e v
AERAL, XRHT LRI RER] 7N, 306 T KA E ALK HAHE
19K B AL B 7% Candida brussicae I A £x 7= AR bl R U0, g B A (1) R e
WAL RS, TTRARER 109 HT iR 7R 5L, I Hou s R (1) A Je s U

IR A B IR K 1R S B O B 05 3N B3 %2 (38 2 AE I A T2 g Ae
o FEIESERT RN B BEIEAT e R AR T, A [T 28 5 BT A BT A R &
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R FH 5 R 2 B RISOR A o S5 RORIIEELLEAT T 40 KRG, RKREERIRE LS T 1)
W LR B T AR EE, T ELIX A AT DU I S DR AR AN B T 2 BRI AN D IR
SRAR IO, e 5 B SR P 0 2 VP 2 M A 7 S P S K BT AT (S R A
1R37ARGF 0 SR8, e M S R ML) 5 A B PR AT IO BRSNS SR A
FH, RT3 R A P AR 50 e/, Tt 2um A e R R A (R AR K, KA
KR R 105 VL AT AL B G HEAT B, SFBUS BTSSR . ™o, ettt 4
WA, DR PR B R AR A R TR T A B S R ABIR K, R IR AT LA
TEAFIFH AR LR, I H 2 = B RS SR K 1) (0 5% 97 35 1 45 TR A A 2

VAR, AEHARTT ) R B R, XM SR AR B I AR . AR
1 2 P UM A HETBOR) A B IR K — R R K, ER R T PR A 7 B4 i B 1 S5 T i 2R
28 FUE AR R FH AR TTAT I, AT R RR (AR P B AN TE R M, EDG) R IS 75 B I ) B i AR
PERESE B — s, 7 ps I A P R e, JEFR R Al Al i R A R K
S 7% it B 7 B DA TR VR 4 T 5 e 90 S T 0 ¥4 ) 9 BT py 0,

{RLER A g 1 A P i R 1 S EAE AR F A U R iE AR 2> . Tzu-Yin Hsiao %5k H
Rz RE Apiotrichurn curvaturn WF 73 [ 5 A F T 5 5 W02 077 ik £ 5 i
OSl, JLebBLRM, fEA g IR, ARREM 75%M KK RIER S T, K n] LOE S
7T, JEEARE AR e . (N T IS BB, RAEgERE B =R,
REAMERE R KBEAG . (EHR 43 B 7V R 50043 B8, I HLARAN FE 2 i 40 2
HEAT R AR ER ,  [R] XS AR A = A i R ) R AR TS A AR AR, IR A AT
Fiit.

14 REHARBRNENE

AEASE A AT AR L TR R H R AT B A R R A S AT IRTE B R
BARREN, SR, JEURL AR ARSI R (0 2 BRI A 7 AR W Sl 1 BRI R v
BHKED M, i, mHSER S ANFR” BRI, 3P ma i it 21
ARRE . RN, CARAR . B E . BERFLURESSAE A I — Rkl DR R 5 &1
= 20060 AE, A SCEAUE YDA, R BAT A B T A T RS HRAT . A2
PRI SERR B 5780 ) /% ER D55 — R, Moy s A - S e h i A
S L FH 4L AR S

SRS N1 s S Sl SO (e WD 8 Vi = 0 NE 2l 1 e 1 VR 1 1 1 6 = /i e o
P A B AR AR, AN B B A BT i T AR ol 2T 4 2% TRk o g 4 4
R AL E , KR IR AR R, BAEERE P &RE CIN ELrgfitl, B AR
IBERR B BRPRA . PR #1552 ACE FRER B BT I, I AT BB . X AR 2 BT
73 T R e AR RIS » PR A A I ] 2 O ) JER A R R A 7 Bl 2 e AR AR
PN TR 5 B 5 2R B v T A AR AN ik i 077 i, k2D BRI g ) A

XA AR A AR, AT FURiE A R 2, SRR, HAbIE
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FRJERE, LK 88 TV R A B . ARIET4ER AR ERRIRF E . s
RAE, AR RS FE, P DLSE F A S 21 4 3R BEAT REVEAL A T 51 AATTHIAR R %
B, RO 22 I FURE 2T 4 3R IR A 9 AR I LR A T A ik N i A2
Yose. S5, SHEGHEER. @GS MERKE T REFHRHER
AW B A P B JEA R R, 38— TMVEFY, nH . FEBEY. WSS
LM R AR A B AR IR AR, NTPER 1 — R BV AE, R
I AR TRERAE, A JEURE C/N & BT P R A R0 4

FUR, 8 SCRRR 3 A B A R P e g 3 A TR A e DA 2 B T 25 A B o
BARIR 2 KB WA okl EBUREE. ANFETAMNE R BE . IR BOKBE
AT — LB U FH A A R A 5 — S R [ 5 9 AT T A PR A7

B H RITAEI AR RIBIE 7E ) L0 KA e it i 2677 1 88 AN 5 B S Tl i 4
HR AR ER T ik DA CE R > S A= it g A I R R K B OK B, B B R ik i B B
IR TAR D o R, FER AR 2T 4 2 J5UR elg 3 S8 A P i g i R 7 2RO
IR AR SRAT ] R B AT RORE T IX LS BRI &5 5, AR B0 4R3H 1 R FR Y
P RIOPE s el EBRRBAKIT R, AR K E, LR ) PRI R R4 A, (7]
SR K A R 28 SR L2

ARSI UK FEAT 40 70 28 1) S RO 8, I8 I S A 5 B i V5 B
7 B R B 7 AR i A B R R, XA T LT 2K B, I SRR B HER . (RIS
XA T T LR IR JEUR R, R4 3 JEUR AN 50 SRR A B A R IR O AC S
ERNCIEY a2l G YN LS

S 2 B R 7 0 ) ) R s WA P IR O A B 2 i, FEtE U e kAT
SR e, KRB O B ECRBRIURE S LA R 0 B3k, RS A i e ) T AR R BB IS
o, BRI ARRSEEG R ERRN IS IR B B AT R IR R B, SR
a3 2 ALK

XM B T3 IAE LLER 42 O JEURE il g A e b B L o H RTHRIE O AE A H
2R AR AT R B B A R L 2R, Ca RSB RIRR, E
MR AT 2 1, EAX -EREPH — RANN R F4ERIBEHER, (il
AT e LFUER RN, K A BOBEAT A, SR AL — = o — IR R B
PP A I35 BRI R AF 4 3 LR R T 2 M R A R O, b T i S s
BRAUPED 2, ARMEIR 2 ey [ 5 R A B . N R AROET R A A A 3, At mT DA e DAL
AN, BT DK BRI R, BERARRAS; HGE I R B I R AR &R B
[ 5 B LT e R R B H

AR ET SO (R B A AR O il i A R, LRI A A e A Ok B
HIBERE AN S K BRI 15 B TR AL A B R R s R R BT R X VAN B 0 B 1Y
ETT, CASEB R A SR IR . MR Y R FH A R K B R B AR A R
LR TR — MEARIE R, MR FRERUR R, AMTE 2K H i, i
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AR R B, WL R SRR TR IR ], AT 2 R, 2R A
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228 HHSHE

21 MH5RE

2.1.1 AP

ARSI % M R Pk CGMCC 1 2 R 22 f i B 2.1374, H 47714 1 548 B ik B2 R 22
H#uEZE}E Trichosporon cutaneum CX1.
2.1.2 5566

W& 2.1,
#21 W

Table 2.1 Reagents
B A R A% GV
98% IR IR GR W TRHARAR
98% I it i AR bR AL A IR A
WERR AR g R A PR A
7.1 AR bR R A PR A
NaOH AR RN
T AR EHERIER GHRAR
HI &b WK RESWIER B ARAR
g5k TR EREALE A R A
D1 & 4 AR Hh [ BN AR A BR A
Il AR Hh [ BN AR A BR A
i AR EHRM AT~
=R AR bt A R A B
7o R A BR I 24 4 Ak S0 PR A 7]
BIRE AR BRI R PR A F
T R AR BRI R R A
B — A AR bR I R PR A F
TR Bk AR FHWEMUTHRAF
=12 AR bR A A IR A

WK AR bR AR FIA BR A F]
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95% £ ¢ AR I 24 8 Bk 22T A R A A
% O M7 5 G250 AR g R R AT
A MiEHEA AR RARAA

Lot number
WEAL B 7201417190 LT RBERVEMA R AR (FETRMD
BEEH AR [ O AR TR A ]

OXOIDLID BASINGSTOKE HAMPSHIRE

B Ry AR ENGLAND
=) AR I 245 8 A Ak 7 A B A 5

Horb, 5 I 7E FLRR K ARV A U s I SRR BE, 75, N 5 M BIBRER Y Y
pH 3 1-2, #RJG7E 100°C KPS/, @Rt HPLC WIS HE IR &N, 1 g KK
fifr=42 0.23 g M A FERN 0.78 g MM, FREL 1 g 7 5bE (W SIEEE 80-95%) T
100 ml 1] 1% I BERRVA R,  SRAFAE Jy 22650 1) 58 SRBH IR R T VR
2.1.3 JEEdkt

YPD }i77%E: HimibE 20 /L, FEEE 10 /L, BEREK (Yeast Exact, YE) 10 g/L,
fle¥y 10 /L, pH {E N 5.8~6.0, 115<C, K[ 20 min.

Fh P98 3E. BEREKY 0.5 g/L, Hi%&HE 20 g/L, (NH4)72S045.0 g/L, MgSO4+7H,0 0.5
g/L, KH,PO,1.0g/L, pH ff} 5.8~6.0, 115<C, K& 20 min.

KRR TR M A PEEE R, (NH.)2SO4 I B AR HE S50t BAR I iR Z LU E » KHoPO,4
1.0 g/L, MgSO47H,00.5¢/L, YEO0.5¢/L, 115, K 20 min.

2.1.4 SLIRAN AR

nk 2.2 fiirs.
F2.2 AR

Table 2.2 Experiment equipment
BE T Fis G
N BS423S e A
ALK A R G Milli-Q MilliporeZ: &]
7 A R AL KWT-100A BHEIL
o RO 1 LC-20AD By
EFLIES 1004 SW-CJ-1BU E IR A ]
ARG FRAE LRH-150 L ER AR
R IR VKR 86C Thermo A

AEIR IR o SHZ-82 SIRCEE T
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HoT W

YXQ-LS-75S 1

F RS AT PR A 7] B2 T

RAWEAF D E =

S DU-800 BeckmanA ]

BRMLEAFEE LY. 5415R Eppendorf

B AR B L J-26 Beckman/ ]

ARAERE TR  DHG-9203A bl tEREAEE

Jiel 78 )R AX R205 W RBU R WA H R AR

IKHE zC T RAE

pHit PHS-3C E T

HIEKHL XB100 GRANTA ]

VKA BCD-215KA ¥R AT

&R TR A X XW-80A VLR 1T HAR DUR 24 7]

5 b 1E B 5 TR IR HZ-9311K RAHEF)E

LIRS BT-100-1J TR5E MR PR A

U 35k e BIOTECH-3BG FIERMAEYW S TIERR A A
2.2 SERTTE

2.2.1 PP ORI

K. YPDR:FRIE, 1L 9R24 h, 721 mIFIRAZH IIN0.5 mIf)H i A10.5 ml
AR, BEE, BT -80°CK AR

LA 8 R A ek P e BR R, RN T [ YPD BS FRE6 T A, BT 30T K o%
FarhEgE 240, FEKHIEERNEEN, 4T HK. T 2 2HHNEA.
2.2.2 Fhriig7

— RS, IR TR B, SRR TR, R T 100 mIVR A A
FREFEIEF, 530°CHEIRH, 180 rpm, £53E24 h,

7£100/500 mIFJHE AR R, PL10% (viv) KR RN — 2R 1, 530°CREIRH,
180 rpm, }iF24 h, FHME —4ifh1-.
2.2.3 X EEAI 2 I 53 5 S0

BT R SLIRAE RS A A= 3 LI R AR R EAT, FHpH. %4 (DO) . i
FEH R B0 . KEESRAT A B Z4bh1 LL10 I EeFh B N K B T, 5 1HilpHA
5.0, S EN0.8 vwwm, A KT 20%, 30°CKEE. EIERE3S mI, Rl mIfF &0,
I S B RT3 W P A SRR 5 B 5 30 miI#E 10,000 rpmiZ a5 min, B4 FH T I AR

TE R BRI S s, BRI BESE G, HXL00 mIF R BT N T — Mk
A7, HAhR R EERGEL 5, B RER LIS BRI INE R R, RN R RS R
SARFIME, R BT T — AR R B SE S
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R A AR B 43 B BTV B O A B AN B A B . B0y BRI VR, TERHEHI%
PR, SKH4,000 rpmii41E T, Ba05 min, 38 _EIEMEEET B TR S,
12 F =R R BB 45 R G, B N —HER M T )G, 5 1@, IAE R RS,
300 rpmiE 3 min, SCPABEFE, R E BHZRE TR, 30 min/g, REEIATTEIFK,
¥ EE G IR BN — R, ININE SR, SR
2.2.4 ZRERCEEEN AT

AR 50 SR 25 H 0t S AG (1 7 1R, SR 25 ml R BRR &R, TEA BRI ERLL A
H:D=6 15 T, 2B FE R 10 g/L 55 BHEESIR (1%) 7B, BHERES)EEE, A
[ (PR (8] s BORE, 72 600 nm R IUPROGE OD 5 S BH B 1) 43 2 S T 10 v 3
T
oD

Omin

OD,

Omin

-OD,

2t (Flocculation Rate, FR) = tmn (A5 1)

I % 2 (Sedimention Rate, SR):M (AR 2)

Omin
Hrh ODyyy O IFZI1¥) OD fH; OD,,,, t INZIY OD & Hyy, O RIS s H, i s

t I I AT =
2.2.5 LRIEEFRT B AR A AN 72 il 5 G

LN AR A KBS IIRER, 7E 50/250 ml AR B, LERTAE I 23 B [F] &
()70 S BERR IR 22 6711, 30°C, 180 rpm HIZ&AF T REF%, E WHURE, WIE BRI, R 600
nm ~HIBOGAE .

LRI E R P RS AE 3 L AR EERER, FIRERER IR, HE R4
T, BHEREFEE 24 h, B, #4253 35/50 ml 1R &, JIAASE &R 245, 30°C, 180
rpm, ZKEEEEFE T2 h, MEEKEEH R,

23 atrENETE

2.3.1 BEKE B &

B IR B v R B0 S i P R AR 0 () AT T, RGBS R 2 R
% (RID-10A), Bif4E & Bio-rad Aminex HPX-87H#E:, #116 65°C, zNAHEH 0.005 M
H,S04, ¥ 0.6 ml/min.

CE RS T TC ) TR R IO ARV VA, 42 0.22 pm HIJENE I VB S, eI M 3 i R
BEEERERE 20 plo FRABUE ], SRAS & IE0E I LUy [A],  [R) B AR 4 06k AR 110 R /N TR B
IR R, fhArdErh 4.

FRIUFES, [FIFEZ20.22 pm WOUEMEIE JEfS,  DUAH [F] B BEREARRRERE , O Bl br i ith 45
HH () H DA BT ), AR Ve TR RS oA 1T 4 10 B0t RE O m FROR IR B /N o R R A 1)
R R SRR (AR B AT m DA B I e YA
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1117 LASR A A SRR 10 2 T 358 o R R B I s 0 5 AR SR AT K A
RIS FE BN 5 M IBRER AT pH 2] 1-2, SRJE4E 100°C, KB/, FE
HPLC W15 /K iR fa B AT BEFD SRBE f &, AT B S s ) =
2.3.2 PR LI E

B AR Bl ISR 23 o e BV AT T e, BUIASAE 4 600 nmEsF (IR AE

(OD). ¥ 1 ml M 7E 12,000 rpm B 05 min, WA R HEE TKER G, B, &
SEWHATIEE, &EHL ml XE &%, H DU800, LLZ&EF/KAZ EXIE, Wl
#3600 nm 1 HGAE -

2.3.3 WA HEE

12 h BukE 35 ml, b 30 ml f9 & B4, 10,000 rpm 5.0 5 min, 255 /K Beigk
PRV, FI 5 ml £ FKENERGE TP, 7 80°CH&Mt Mt T 1HE, KM%=
LT
2.3.4 JMAGENE

U 5E I ) 7 0 R BRI AR AN — A LA AR U i, Bk e R
HESABRTEEAREIFRMEMAN 4 MHCIHE 5ml, 238 30 min, HEBREELES (50
mbDo WK HFELE R 10 min, FFRERAUOK R G F A TIES, fFAHEER
J&, II0 20 ml ZEHGR) CHREE A= 1:2), BEHE O, B FEESHEARF, 180 rpm
%% 30 min, 10,000 rpm &0 5 min; T EA VA e E S, R 2hER
i, fE 80°C NIt L K, ANE SCER TR LSS B0 T B e 10T SR ) A
7, BRESSEREDG, WT2REE, RHZEE, (HEMEN SR, 465K T
HHAE, THEH RS
235 EHETEIME

A & e E A Bradford v,

(1) Aol Bradford i{7): #% 100 mg % B Hi-w i G-250, #f# T 50 ml 95% (wt/vol)
2B, JON 85% (wt/vol)[FJBEER 100 ml, EAZE 1L, H Whatman 1 SJE4C0L 8, &
IR R S G-250 58 0.01% (wt/vol), 2RI 4.7% (wt/vol) iR 11 &
4 8.5% (wtivol), ULE[ Bradford 177, JECE TEREAFIRA, FEAE 4°C BOLIRFE

(2) bRtk LRI T

HERIAR 80,1002 g CSEBRMIEAE) FruEd MG H (BSA), HBAKEM, ERELHE
SRS IOE VTR 1) 100 ml FEHHA, JREI G, LA 500 uLiARF 25 1E 1.5 mIf)Es
O, -80 °C 177

U —322979 1 mg/ml BSA FrfEvs, b, R%iRA. ERE a2 7mA 0.
2.5. 5. 7.5, 10 f112.5 uL, FHHB4i/K¥NFEZE 0.2 ml. 4550 2 ml Bradford {55, #27,
4 HE 5 min, 7£595 nm I GE. R4 BSA NN S AR GAE N 2 8 AR FE bRk il
. i 2.1 fis.

(3) i I E
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B 200 pL (FEA, A2 ml BradfordisF), 22, &#ES5 min, 7£ 595 nm il
B, RIEAREHL I HEEARS E.

14

1 y=20.10x
12 + R®=0.99

Bovine albumin (ug’

2_

O T T 17T 17T 17 1717 17T 1717 17T 17T 17T 17T 17T 17T 171717 17 17T 17 17 17 17 17" 17 17 1T 17 17T T 1T T T1TT1T°7]

0.00 0.20 0.40 0.60 0.80
OD595nm

2.1 Bradford ¥l %E 5 11 /5 AOFRE T 2%

Fig. 2.1 The standard curve of protein concentration determined by Bradford method

2.3.6 HEAVEEEEE I

PABGH LT, REAL BRSO 20 Uiml,  He A bl Ak i 0 B B4 2 XUl : AE
WESAET (60°C, pH 4.0) BRAZEF (AN (43R) AR 1 B SRk i 0 BT 75 22 (1 i
1U. MMM : 100 pl FoBE AL BB 900 pL 1%%5 % CAAET 0.1 M SR
ZZ MR, pH4.0), 7E 60 °C T 10 min, #RJ5E# A 3 mI DNS, BPABH ik /& B (13347,
1E 540 nmZ&AE T E WO . [FIRE 792 DUIIN 28 b SR OB E it B . e e 13
H VAN, SR K AR5 4 (R W Ak S 36 Sk I W 137 ke 4R R TR
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BIE SWHERSWR

3.1 FEBEARY BB A R BRI R BT 5T

3.1.1 ARG R R BB B 2 RO S IR IR R

W Tl R S, Sgni T ENCN 60-80 g/lL, XMtEMEERBE NG, G
90% LA L [ R BRI WA E N B WLURFIFE . N T I BKIHE, RFsE, $4H
K, R RPERRI R EIE I R SO B S « 1 e E VR AR, #1724
HER O SEBG:, R 2R FO TR A4 AR AR I I A8 7= R 52

B 93 v B A BRI R B (KWK FE 23 )R 27.5 g/L A1 0.3 /L. 24 K B R AT B EHE 58 I
(54 h), HUHREZE, B0, RSSO 750 /L 1R A TR ZHIRERE, [FIE N
NAHFIREE AR BT . K 10%F0 &, IIAGEF3ET S —HOR K EE, K 64 /)N
I, KEFGRWE 3.1 Fis.

i 3.1 fs, ERARERI KRS RE S, R EA Y, 08 2.4 g/L, {HE A
T /D 18%, H 9.45 g/L [RAKF 7.71 g/L, {H[ERHEREL D 37%, AT LA AR &
TER L BEAAR LS I HE AR T B B 45 26801 K.

ST AT BE A R DR S kA S R SE IR AR (CBERmE D (V)RR 2B ORI
RV ARAE 155 5 55 5 B0 (0 22 301 DA B e i 2 10 22 il FRD 52 ) o S 6 B M1 A EG T
REFH IR, AR REE, &2 B EK, HRIARERA M, M
FROISH A A FT ARESE o T AERERE T T, 5% 10%F1 20% A #E M B IEA T 2 5], 5%A1 10%
R % U7 TH R PR Z A AN K, 20% H) 4Pl B I B AR A5 22 BRI, TR & B Rg A 3 &
()35 IR EE A R B B i 35 IR R 5 e 52 R eSS 2RISR FH 7K A K AN [R] 268 J52 (R ey [X
Ao IRE IR B SR F EIUSOR A e R, Herh T B &8 R E AR =4, 52
WARRIAERK S, 1 H, 7E5 HURT YE BSIINEB EEEA, AR YE B
/b, {H YE BIENINETLE 0.5-1.1 g/L BTG P9t &5 B REmAS B3 o BT EERs 97 3L 1 R it
e, WA AN, (HIM AR ER A D .
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—3— Glucose —-O0—-DCW —A—Lipid

Lipid (g/L)

Glucose (g/L) and DCW (g/L)

0 i T T T T I—l—l T T T T T I O

0 24 48 72 96 120
Time (hr)

K31 FEPENEY) 2 R

Figure 3.1 Lipid fermentation under 2 stages of the new mode using glucose as substrate

3.1.2  HEWENEYAEI R KB I8 B 2 I O B S5

5 DL 267 08 9 I D A 5 TR AT IR B R B, SR 2 M LIRIIE IR Ak % 3
X B 2 SR EL/N , BIT AR R 2 A M B B I8 T A7, DAtk — 2 2 K 3R,
BETT TR TERAS o [FIB RR AT — IR ) R BE AR -, AH DAAS (B R B b
T O RECR B S IaAE Jont B, B0 B A IR ) IR B 22 Uk (BT 37 0l e A 2B R R 2B 7=
s, K FaniE 3.2

WK 3.2 AR, fEREACREEIRY] 5 MUK, SEAHERZE. E 3.2()%
N, TER I B A R Z IR FiG R R SO EES, SIRTERT 5 MR B BT
£ 1.6-1.8 g/L, 1HLEZE 6 DEMANFAKH] 1.5 g/L LLF. & 3.2(b)Eow, 7R KRG —it
R R BB E R —HER P E R, A B R EIE R scied, A 6 Mt
R MR B B s — s, AR IR - EEEARREAAL, FEAE 1.4-1.5 g/L. HE
FEIRA, ARG N KRR, #A T N MR E WA AE, X
FH 20 A 53 B AN e S 1l FH B8 B0 I SRR B A, T 4 T Bl A 5 R LR ) 38 g %
G, ABFEAE ot B R B B3GR E OO BT, T BRI Z R FFA .

X 1B R BT B IR E RO B, S IR N4 T B AE S S B LA b B
FEARH IR R, PR A B TR F MR 2 i — b O B S 4B, 75 70 R %,
FICL, RIONHEFEIR ZE RS, k2w AR+ A AR AP FRAK. 59— 7T, [l R B
T AT IS 7240, K AN AT 6E S 1) 5 M) R A ) A R R e R 1 A R T 2



EHRERET KPR o533 T

(@) —{+ Glucose —-O—-DCW —A—Lipid
35 ] ! ! ! ! ! [ 20
1_1st | 2nd | 3rd | 4th | 5th | 6th !
30 | | | | | i
< 1 | | | | | [ 20 &
ST A R R
E
5 3 S
c ] [t £
] ] )
~—~~ . e
- ] A =
S 17 10 £
) . i °
%2} 7] Q.
g 10 - 3
S . i
0 . 0.5
o . L
S ]
0 : NT T T T T 17 17 17 1T T 1 T T T [ T T T T T T T 17 T T T 1T 17T |I I 00
0 48 96 144 192 240 288 336 384
Time (hr)
(b) 35 - —{J—Glucose =~ —O—-DCW  —A— Lipid - 25
] | i
1. 1st ' 2nd 3rd 4th : 5th 6th I
30 : : I
! I - 2.0
: | |
L]

25

- ] -
=) i 2
= ] =
) . =
()] L i}
S 0k 1> g
o i
© ] Q
~ ] <
3 P [ 10 <
3 10 s
§ 10 1 3
E : - 0.5

S ]

0 : T T 7T —J T T T T II T T T II T T 1T I| T T 7T II T T T T II T I 0,0

o

48 96 144 192 240 288 336 384
Time (hr)

Kl 3.2 DA% B D9 R S AR IR AR 7 il i PR A v 2k
(a) TEAMFIKE) R EHEREETR (b)) AR B B AN C0 55 40 2 o A0 B 7K B0 s B2 Atk T 5 57
Fig. 3.2 Repeated batch fermentation of glucose for lipid production with water recycling and cell
separation. (a) with cell separation using centrifugation and water recycling. (b) without cell separation and

water recycling.
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HNE 3.2 FTLAUE A, (o] R B 3 1 e B2 4t Uk B A XA LA 2 A S ) B
BEATH. FE, LSRR, RERREIFR T, f£EHMT0E 128,
{HY R FR I R TR, 4BV FER N I AR 4 e 2R, AR AR, yn] DUE
RFh b AT R AR

3.2 Z5M AR KIEIA R B R B LB IR 5T

3.2.1 Fky N RMICIEIAA FH  BE B3 10 22 U S S T S

B d-BRIR RIS B-2,1 BEHRER RS, I HAg R RE Y g
PRI JEURE o REAT GRS B AR IR (8 P B S AR B A Db N T e N R
oy i A B AR e iDL, [RIREING 1 3 A 8 7 2 RASR R 9 R I e e e o L
IR AT 1. & 3.3 S 1 BLAG Ry IR RIIE AR B3, AROR e i A B 2R

HIE 3.3 WU Y, AR R IS TRIAA K 2 A OO B R, AR I 7 B A 20
ER AR ED AR BEEAR, EERARRK EPIFASFE R BT, e
FEEARTE 1.5 g/L 247, 4T H KZITE 5 g/L). 3K AT Be AN LU &0 v i 1) K e Hh 1 5
P—#, AT R 28T ZME R

EfERBERET, EREENE, 50 BRI ROR 2 R R, A
i BRI A B RESS,  STATR KR m] R IR FH Kl AN SR B . 18] 3.4 B,
M EFEARORE A R B I R Rk, AesE . PROEM AR HIOR, IXRY, fERBEAR AR TR e
AR BERIAAAE . XARA T BEZ T ROR A0 BEBE CX1 AT DA A PR sk OB, 3K
SIURT AT A 00 1 AR T B R P ) T 2 R R SR S 3 17 3K S Az IR 22 SR I B A
R RGN 3.4 JE R LAE HY,  AOBE IR AR R A A 30 5 LA IR AE
A 200 . A AR A 2o B RUA R BT AT FH ) SR AR P I L TR PR s AR 220 X
AT REAE R A S BTSRRI L3 RO R s R R 1 R 20 i8R 2 11 Bl S R I e
(] FH 30l A8 1] Y A e VR P e R L o R S 6 A B8 o P 2 o I




EHRERET KPR o535 T

(@ 307 —OTotalSugar —-O—DCW  —A—Lipid r 2.5
] 1st | 2nd | 3rd | 4th 5th ! i
B | | | | |
i |
o ¢ A | | | | _
o) ] ()] | | ' o
> ] " | | E
20 | =
(@] 4
()] . H : _g
© ] Q
g 15 1 £
- i 2
2 i =
g 10 ] ‘5
S T 2
)] ] —
S 54
S ]
= ]
0
0
Time (hr)
(0) 30 - — Total Suagr —O— DCW —A— Lipid - 2.5
i__1st | 2nd ,_ 3d | 4th | 5th I
—_ i | | L
—l . | | L
D 25 L : | | : L 20
> ] | | ' T ]
] ! n | i =
EE N -
c i VAN R o]
© 1 A AN | - =
- 15 1 ] 74 E
2 ] ' | S
5 ] A L] 1 [ 1.0 £
— - ] ' - =1
3 ] o5 -
7] |
] | |
] ! , | I
O T T T T T T T T T T T T T I| T T 0.0
0 144 192 240 288 336

Time (hr)

Kl 3.3 DLAGH 9 e S R I A o ik i P o e ot 2
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Fig. 3.2 Repeated batch fermentation of inulin for lipid production with water recycling and cell
separation. (a) with cell separation using centrifugation and water recycling. (b) without cell separation and

water recycling.
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Fig. 3.4 The time course of the glucose and fructose concentration in the fermentation broth using inulin

substrate (a) With cell separation by centrifugation and water recycling. (b) Without cell separation and

water recycling
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3.2.2 WEALHEG IS NS K AR 22 fO e BERERE CXL A= 7= i I 1) 5

T BE R 22 f R 5 B A P BERE 77, CLRCANAS NS A i A TR A R B AR
FEMERIRZE, LA B% ISR 9 JEoR),  DAAR SIS 5 P < IR RE A 7K Sk R R ET AL BB AL
NER KSR, (EQ)AEINEE: ()0 0.05 ml/g 3% KIbE{LBE AT B4k 47 hy (3)INA
0.1 M MR IR BT 52 2 /K MRS, N 0.5 /L MU ER%%, 30°C, B &N 0.8 VVM,
3 L MR BEGEEAT K. REEWIUG AN G5 SR R B P IR AR BT, DR R IR P il g 1
FEEWER 3.1 R

3.1 LAER A EIAS IR K A 2% A ek i b T 5 S

Table 3.1 The result of lipid fermentation using inulin as substrate under different hydrolyse condition

A WIBEEREE (/L) BRBERRE (L) T E MWHRE  SIhE
AR RNE O WA B (L) (g/L) (9/9)
(L) A It 4.98 713 0 0.16 1456  3.85 0.26
(Q)InEgHELL 47h  4.70 2730 0 381 11.83 2.47 0.21
() ERK iRt 9.37 3394 0.72 11.70 8.16 2.27 0.28

H#% 3.1 ATLLEH, KA 0.1 M BIRR/KARAE O h i 45 BE AN S PR B B, N
WALEE K AR 47 h J5, SRR EENC, &N 4.7 o/L, 508 27.3 g/L, KIEEICH
60%. 1A BRI A B R AN OB R B A 4.98 g/L 1 7.13 g/, NHAIG
e B RER B . RS G, RARKMIRNE R 2, ARG s =i, b
FEIRE I FHRL, FEAH RIS R) N A2 B B A R IR FE i %2, INBEEREAL 47 h (W R RS,
FHAINEE AT RIS 2, (HIS & TROKMM SR EEmE, A =MENT, =
A K.

K AR I AR L E Sl 43.4 gIL, IBE S = Bm, AT R0 20 B B A K 2 AR i A
H, TAEA BB DL, A 2 rb i 25 BOREVR FERLAIC, v DA B AR PR R A, AT —
IR T SR KA, BT DA DA B R IR 22 A BF ) 5 mT DA~ AR /K R 4000 i g, i L
XFE— BRI B YRR — AN RRE KT, SHBAR A= G ], X Zhao 2545 H 45
2P, H T = RSO AT R AR S BB BT, A AR ZE A K

MER B SRS G, AT 15%0 F e, BIER IR RS BB = 165 g/L i,
TEAT BRI DU, [RIRERT ATV AR 1 R B AR 77 o I B IR 3EAT o Hh v A o0
R, 3% 3.2 WonHIE 15%5% 0 & EMIENL T, 0.22 o/lL HIBREINE T, Aunst
B AT 0.05 ml/g 5585 BOREALBRIEAT TOE 4L O h AT 5 h (4 5. 1T ELAS InBE A i k47 4
T 1) PR TR A P A TR 225 R 22 Tl AN K
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R332 AR R A RS

Table 3.2 Lipid fermentation result under high load of inulin

%At BRI (/L) T-H(g/L) AR & (g/L) EREES(I))
(L) ATt 0.50 30.86 5.47 0.18
(2)hnfEHE4k o h 0 29.18 5.55 0.17
() InlEHELL 5 h 0.80 30.42 5.33 0.18

3.3 BB BERER T RFHER

RN FRAE mREFEI B O B 7V, [RIB CRAIEAE TG 1 1 25 A T S vl A 200 P 43
BSIITRI(E . LR, RGBT USCR AR M 1) 5 R B AR O A B B R AT AT
ZUERT LA R 2S5 0 R BRI E R 2, — &R BT, SIS T. ST,
BB T, CBE. W BTSEa e R RGN IREAFRRIIFEEDR
AR AT UK BRI I 2B o FF HLHH T SR 2R 1 e 1) 2L ) 22
LT ZHAMC, FFHHEFEEHE RS, UAHEFREMESE LI, £8
R BE IR EAR R PR TR R BRI, P DA SR 2R ) 2 I AE A 3l R FH 1) 2 ek
7o Hughes 25} 78 % P15 SR — it AT R gty JLAe 8 2410 R etk R
X AN TR PRI P 0 R T8 B AR A I SRR . e, A ST I 78 R N 8k, R T
ELFE LB FH B s R0 A [R] S 4 1) 2R R s R0 TR AR A A I Yl ) 5
A HATDVHED B BRI RIR R BRI SEIX — H I, [FI A 20 40 i A= e A
7 YH AR P A AR THT R
3.3.1 AN[EZEEF )X B AR I 52

X T TR 22 5 PIT e 1 28 B 791 P B R T A 2 P A i B P b PR 35 R BRI B o AE G2
AR R EIAED), Bl REG RS2 T A BRI, BESEFRIE T R 2 nT
B 7 B I B R 0P 40 1512, T LU (K SUER IR A B B UT 1 SRR, TR
T AR 2B ) B R IR 22 Al BE B SCR I RZ . KF 0.250 mlL 0.375 ml. 0.500 ml.
1.000 ml 1] 10 g/L F 5% SR PERE TR 225855 73 I 2 25 ml K F v, @it il OD e Az
WRPTREE EEARA, THEH ZEER TR, S g & 3.5 Fow.
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Figure 3.5 Flocculation rate and sedimentation rate under different dosages of flocculant

M 35 HATLLE Y, BEE ZEFIINAN RN Z, KEeRM R, HIE 25 ml (KB
W NN 0.375-1.000 mi I 2Lk 350k 5] 99% LA o H T 4 48 [it £2 Bk791) F n N & 389
BT R, 0.375/25 ml F10.500/25 ml FIPiFE3RAH Y, #KT 85%. ZRAE MR,
PR BUER NN BN 0.375/25 mil, AT DLIE BB 1) BB DTRESUR
3.3.2 AIFZHME T I 25 UR

LRI AN [F — 2 B A ) RO R AN [, AR FEAEAS [ 4 i
T, 0.375/25 ml (L EFRERIE S RIF LB . AR E T, RI4/H oD &
3908 20, 30 40 FE LR 43 BN 0.375/25 ml (05, WAL Sk R AR
2, LIERWE 3.6 fin. WEIRATLLE S, EARKMMMEET, A 037525 ml
IZUET, ZUEERIYTIAR] 99% L b, JIRERME RSN RIMA R 2, BHFEIC, (1
PI1E 85% LA 1, AT DLIA B HAT I ZEESUR
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Figure 3.6  The result of flocculation under different amounts of cell

3.3.3 ZRHESINS 4 A A 2

10 g/L 1) 72 SRBE I BRI AT D 2B 0 AN [F) AR BOIR 22 A B B 1Y) 2R SAOR BB
(BRI N BEIR 22 76 B B () 2R ARl i 25 7= S S JTE . ik, ESEIRTT T
AN IR R SRR AR NN B BER 22 f e B AR RS, AE BRI N AS [ 10 2R 571
SRR AT R A e, S5 R AL 3.7 o

M 3.7 ARG Y, SEGHIRINARE E ARE KNE R, BEE R ST IN R
s HEFEIEATHE, (E e 28 WA TC S . AEA IR BRI DL R, Bk A
PAPRGE AR, 2478 50 ml N 0.5 ml B SEEFIN, KA ERER, HEAK
XX, AR, mIIAEKRT 1.0 ml B, WATE 20 h G4 a4 K. (HRTE
110 h i, BRRENEEZNA K. Fril, SERBENE NG44 AR A
Ko

(7 IS 58 SR D9 2R BT NN = i B SR 2 e, X i I 1 A B AR5 e R A A BRI 5
M, 348 L XS HEE P B P 2 v o 3K ORI R RF R 1 S SR R B AR SR B AT 4R 3t 1 R ATk
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Fig. 3.7 The effect of floccutant on the growth

3.3.4 ZRIEFTINS 4 R 5
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Bl 3.8 AN [ HR R 2R Bl FRIDT T 4% 7 i ) 52
Fig. 3.8 The effect of floccutant on the lipid production
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FEARTL T 2B ARG, RIT T B HIE A P2 52 o AN [F) & 1Y) 2204¢
FRGS B A = 3l (1) R M T 1] 3.8 BT

I 3.8 AT LLE H, AHAT-EE . v S R A0 A A v SR AR 2 R B A I N R 3
TG, MAE 35 ml I Lo ml i, SR EROR, SRS, MiE, BEE S5
FIFTIINERBGI, BAT B R, (R MERERC, X S S8 S =
K, AH AN T 0T RE I v 22 o BV 551 P N 56 40 7= e PRS2 e A K
3.3.5 ZkSINS HE ALl Bl I (1) 5

BRI AR 40 B AE R FH 26080 BROR T 21 4 38 sk A P2 IR I, B B 22 72 AR Bl M FH oK
R AL N BT R P AR 2 T o (L S35 SR A P P ) B 75 2 B3 v (Kl R 1 [ )
LIREE A BRI P R RE . NIk, BRIT T ARSI RO EE R S B .

HY 40 ml B & Bk (OD Z159 68), A 1.5 ml fykE{LEE, V8], A 2 ml ) 10 g/L
(5 BRI VAR, FEIRS), HE 60min, WERTSH OD 1, HEAESE, SR mME
3.3 Fime

M3 3.3 A LAE H, LEFIMIING, BAARL K2 H# Ui, LR AT LU E] 99%
DAL, MiEENRZEEAAE LGS, EOREEN 88.3%. BOE, W EEMAZRH,
BEATKAR, KfRLE Ranld 3.9 B, M 3.9 AR, RINABEH H s & Lk
ACFR I b3 R BE AR AEAN K o N AR 28 28 T A R 28 B30 A B ) K AT B PR B
FERAR—EL, #AARR AT . X, S25EHEE, R NEAETR RS
W, ATRMER T —HtiR 4k .

R 33 ZEGIFELBEAE LR 10 B R

Table 3.3 The glucoamylase content under the condition of adding flocculant

ODO min ODSO min %5/5?%35 I:)rO min Pr60 min %Eﬁﬁ%’i

X R 61.30 27.10 55.8% 1.28 1.22 95.3%
S AH 61.80 0.05 99.9% 1.28 1.13 88.3%
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—O0— TR E-F —o— INBEXTIR-F —A— RINEEXR-F
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Fig 3.9 The effect of the fermentation liquid under different treatments to hydrolyse inulin

34 ZEDBERIMIORERAFHINA

3.4.1  Ztor B S UK B e 2 ] 2 W N JER A I ) R P

SR 73 VR HE A I B IR 22 700 P Bk ) 2R BRSO R, LT A R g A AR ek g I 114
SOV, I BANS R B2 B b K Al . T 2Rk I AN 20 RE B, Mo L AT DL 4
KB Oy B RE AT R, PTBL, PLRBETTRE R NERE S0 BT, 34748
B RGHSCER,  E—2b SCHUEIA A AR B BT R B S LR B . B 5, DL RN
W, IRER R B AL S R AR B 5 R

K 3.10 o 1 LA %188 eI R T 288 70 2 1) B S HE TR I (A g A 7 B 4 2R
MBI A 228 1A, SRR RN 2.0 o/L, AES 2 I EIEE 4 B, s
I~ BT MR, K208 1.3 g/L, (HEEARIZE 5 ARG, G 007 R KR R R B,
FE2) 0.5 g/l BAR . 5RAE G B R R IO BEAERT 5 A B A R AR e A2
1.7 g/L AHEE, AR 7 BT PIrReq, im0 HL R B ) ARFSE At 2D o

TR A ™ R BRI, P RE A B T 52 R N R BRI R B, R X A
SOMEUN, (HITHAE KO BERIIES ], BrlL, BRI RN, WA KR
e Bk, FEABEBEAT BT A LA S, AT LR 2, a4 Bag i BeR, Bl
HAARMP LS 5 AT L,
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Fig. 3.10 Fermentation time course of glucose substrate with cell separation of flocculation

3.4.2 Rty I B RO TR I AE 558 SRR A I F) S

K 3.11 S 1 AR IR, LA BT R 9 B 0 18 5 125 ) B 2 B A 3 ) et Al
R B s RN R (R W b 28 Pl o R AR 26 3 O SRR 2R BT D9 20 B VA I S R R A X
—H, EEE LAMER AN, BERFERGE, 235 gll. AEPRE, AEE 2 MILIRITE,
AR P B SRR, 25 4 DI, R CS TR 0.81 /L, MRIEE 5 A,
AR P AN 0.28 /LA 3.11(0) TV, S 2 SRR, A3 RERRBE AT
BRI

FE LSRRI R B AR T, bR T DRI GO RV AR T, SRR A B R
PORISEME CASY, 20 B 22 [ I 7 A 70 A B oy D B SRS R 8 e A = ot A D AT ok A ) 7 B DA
55 2 A AR AR SO R B SR DR o B 3.11() FF — URIE B B2 bR 22 F I RE AT DL A K A 2
FriEEss, RUE BRI AR,



EHRERET KPR o545 T

@) —{1— Total Sugar —O—DCW —/— Lipid
35 - 1st [ 2nd | 3rd | 4th | 5th | - 25

B | | | | L =
I : : : |
5 % : : : |
= . 20 o
5 25 ' | | T3
2 = L
-r% 20 1 | | - 1.5 g
—_ ] | | e
= ] | | Q
9 15 7 | | L 1.0 E
> . ! : A =
> i L
® 10 ] 4 | _ ]
= . I k=
£ ] A - 05 -
= 51 !

] O [

0 T T T T T T T T T I| T T T T T T T T T T T T T T T T T 0_0
0 48 96 144 192 240 288 336
Time (hr)
(b) 25 —O— Glucose —O— Fructose
1st 2nd | 3rd 5th

20

15

10

Glucose (g/L) and Fructose (g/L)

Time (hr)

B 311 DASR N RAIRIR F 2R 20 15 11 S LU I

Fig. 3.11 Fermentation time course of inulin substrate with cell separation of flocculation

343 AFEYI . AR BT NIRRT 1 R B COR BT AL
xRS, AL ORI EHGE 20, 81 L, T BLE L5k



o5 46 T BHRERET KPR

VENIr B TR IR OO IR SESS:, 56— DMLRIADKE N 1 L, B ANtk ih, K
FHEAL T AT HT— ML O ARFERI K, £79 50 mls T T 2570 89 1 ) S ALK
PSR, SR EANARIK D O B EZ 40 ml, Jy 90 ml. Frbh 5 MR EE, 2
BB RIKER 1.36 L, xR 27%, TS0 B KE N 1.20 L, xR
24%, TAIRIKERT 70%. M EARF S EAHEA R ZEH, RO
BB TR LA 2R E R, 8D 1 RK BB G RSB B], 3 — 2D R 1 il
R BRI A . BeAh, ZRERHITNE, B 7RO EIIINE, A5 Y, 1 HAEZ0 Ik
AREIOAS B R R IR A B S it 1 Ll 19 07 3
* 34 ARFEKEHENXTHSHES
Table 3.4 Fermentation parameters under different modes

SrEITE i % B 2k
MR~ & (g/L) oyl 1.46 1.68
B 1.70 1.53
2 1.30 1.34
FhE (9/9) Xif 0.30 0.28
B 0.32 0.32
2B 0.28 0.28
HHE =2 Yus (9/9) X HEE 0.10 0.11
B 0.11 0.11
2B 0.10 0.07
KHAE (L) Xt HE 5.00 5.00
B 1.20 1.20
2 1.36 1.36

VEEA: X AN BT AR e A S B O B S B B SRR 0 R 5 VR AT
W BRI SR8 R R BT B R IRIEAT B S B AR o

M 3.4 FTULE Y, AER T B BB IR A Y A B B K (K A e S, it g 1407
A HE S8 Z2 AN K (B DAZR I 70 15 10 S A R A K ) A B s B v, AR PR 7
B BRI A P AR, 1 HL O o R S BR A R D B SR B0 B, KR
HIR AR B LIE & e, BIS BRI, XhliR A BaE Be m i R e A R R4
Yo, MBS R UL, FREMIAN AR, IR A2 B s R i 2 S 2 el R IR
TR AR B (HRAE R BRUTRE R 2 B AR T, AU A PRI R R A 2,
AN 5 TR IR BT IR R, SRR AE R & A MR,
P CALERA I B P, AR B AE PR RIS, B S i R A AR MR OL T, i i ™
. T HAEL 2 AN IR A B SR 06 5, T DRSS TN N 22 50370 o 1) A e o 1 B 240
ISR SR, X ke EUH 7 & P



AT KFW 20005 AT T

F4E GieERE

41 %

411 DL NS A i i A

DA & BB AE AT 1) 2 HER I S SO, IR =2 A PR, (R R
g, XA ER AT, FFES TR DU B R I T AR A %

DA 2 BB A A IR 1) 22 RO TR s B e =, SR B B0 43 B8 ) 7V PR R T 4 SRAE
AT 5 AN A A B0 AR — 3, H A R R A ISP . (H S R BT B ZE S
ANTEBARE, RS AR B, KEGEIHT T 5. AR T KRBT
FEH AR IB 0 s R, T R R R bR B E AR, 15 N R 2RI
WM I 01 3% A AR
4.1.2  VIER NPT i I A

CABGRME NIRRT, 200 B UK K T 5 L BB T R, HAZEA K. A
I B R 22 F TR RECE R I 2 R VR IR, A TRASMNR IS EE, 3B & w7 DU
SN BN T R R A RE AN S RE . Bkah, RIS R, R R I EiE R
TR B KRS IR, AEANAMINER IS DL, K e 2K AR . AL, 7E 5%-15%[1 %
SRS OL R, Bt 22 il RERR W] LA A AT DK A R0 B A 7= i g
4.1.3 B B MR EERE AT AT 1

10 g/L HI 50 SEMERE IRV W, W B2 AR 22 f0 I BE CX1 ) LB LT, S SR BN I &
4 0.375 mI/25 ml i}, ZERIEF) 99% LA I, H AN [FI 40 i & 1 2B RO By Bhah,
ZEF NN S K AP RE 2 1, (/D80 2050 S 3 A pa i v o i HL_B3E R
K2R A7 (M B AS 2 DR Rk DT BT o /b
414 BEHYBEMREMIRKEESS

LB AT I ERIROR B SE G G, (E LA &I N LA R SR, IR 11
FEa AR S A I SR L I OB 3G 0 AR, (LRI A B AN AR R o 55T 81 6 B
S REIUA I, PR IEE— AIIE, ER, EARE, KA, SR TR 1L
— s XT5H, BN EIEREE D T R 1% H AR R TR S0 43 B T D R AR
73T B R RRIAR = P AR SR B P AR A LAAL , A — AR R A, 2RI SR AR
ST AR, X R AR 0 4 BV R I S AN g e, I PR . BRI AN, T
Sk IR I S B B R R ES , BERELE M R, R AR P K AR A R
e, AWK SR 2 D T BT RER FH 008 & R AN SRR, DR T B RER R T,
T 7E LA & B R IR R B FE A = A K AR BRI R T



o5 48 T BHRERET KPR

4.15 JEIAHFH R BEIR K IR R B AR H

ARAA RO B, B BT R R AT A 0 8, R AU AR
FTELTZ) 70% UL E KR, T8 BB H T K I H Ao RIS, HAth 5C 3 R R FL At % 0
BhR, QPPEMIR R B AR AN . (A 1 B SRR TR A2 SRS S AR R ) AR
a7

42 JRH

K S RO B (AR A A AT W L SR ORI S RGP IRCR, W4 TR E
(RI7K, EEAELYERER CINREFFSE) RN, ABCRTEATA K, b BRKHE
17 ELX 27 4 2B (14 [LSOR RPRE A RAR G RO ROR , IXHE AT DLt — 25 BB ZE Vi g 1) 28
PR, EARRE DT FUN

TP EY), IR B S AT DL, B D TRR N A A B B R
ARG 3t — D BEAR K B I R (R RRAS (RIS, X6 e A2 [ P A B 3 R 2 7 26 B /IS B AR
FREE G 2, AR E R, RN 20 MK =R



EHRERET KPR W5 49 T

S5 3k

[1] BASROR, R A BEIRR Y TR BORBERE. BV AR 524k, 2011, 27: 427-435

[2] Zhou X, Xiao B, Ochieng R M, et al. Utilization of carbon-negative biofuels from
low-input high-diversity grassland biomass for energy in China. Renewable and Sustainable
Energy Reviews. 2009, 13: 479-485

[3] Gullison R E, Frumhoff P C, Canadell J G, et al. Tropical forests and climate policy.
Science-New York then Washington. 2007, 316: 985

[4] Nordhaus W. Economics. Critical assumptions in the Stern Review on climate change.
Science (New York, NY). 2007, 317: 201

[5] Yusuf N, Kamarudin S,Yaakub Z. Overview on the current trends in biodiesel production.
Energy Conversion and Management. 2011, 52: 2741-2751

[6] Lam M K, Tan KT, Lee K T, et al. Malaysian palm oil: Surviving the food versus fuel
dispute for a sustainable future. Renewable and Sustainable Energy Reviews. 2009, 13:
1456-1464

[7] Sharma Y, Singh B. Development of biodiesel: current scenario. Renewable and
Sustainable Energy Reviews. 2009, 13: 1646-1651

[8] Ma F,Hanna M A. Biodiesel production: a review. Bioresource technology. 1999, 70: 1-15
[9] Muniyappa P R, Brammer S C, Noureddini H. Improved conversion of plant oils and
animal fats into biodiesel and co-product. Bioresource technology. 1996, 56: 19-24

[10] M6, ule) ARENI AVSEM K RRIVIR, 5 R, Aol TR, 2009, 25:
298-302

[11] Hoekman S K. Biofuels in the US-Challenges and Opportunities. Renewable Energy.
2009, 34: 14-22

[12] Moser B R. Biodiesel production, properties, and feedstocks. Biofuels. 2011, 285-347
[13] Council I G. Grain market trends in the stockfeed and biodiesel industries. Australian
Grain. 2008, 17: 30-31

[14] Demirbas A. Biodiesel production via non-catalytic SCF method and biodiesel fuel
characteristics. Energy Conversion and Management. 2006, 47: 2271-2282

[15] Eathington S R C, Edwards T M, Reiter M D. Molecular markers in a commercial
breeding program. Crop Science. 2007, 47: S-154

[16] VLIBER, IBIEIT, MR, WSt st e, o EAY) TR E. 2006, 26:
87-90

[17] REWSTE, R AE s, FE AV S EORN TSR S A i, HAA A 1. 2010,



5 50 T BHRERET KPR

18:7

[18] Chiou B S, El-Mashad H, Avena-Bustillos R, et al. Biodiesel from Waste Salmon Oil.
Trans. ASABE. 2008, 51: 797-802

[19] Mariod A, Klupsch S, Hussein |, et al. Synthesis of alkyl esters from three
unconventional Sudanese oils for their use as biodiesel. Energy & fuels. 2006, 20: 2249-2252
[20] Wyatt V T, Hess M A, Dunn R O, et al. Fuel properties and nitrogen oxide emission
levels of biodiesel produced from animal fats. Journal of the American Oil Chemists' Society.
2005, 82: 585-591

[21] Jeong G T, Yang H S,Park D H. Optimization of transesterification of animal fat ester
using response surface methodology. Bioresource technology. 2009, 100: 25-30

[22] Predojevic Z J. The production of biodiesel from waste frying oils: A comparison of
different purification steps. Fuel. 2008, 87: 3522-3528

[23] Haas M J, Michalski P J, Runyon S, et al. Production of FAME from acid oil, a
by-product of vegetable oil refining. Journal of the American Oil Chemists' Society. 2003, 80:
97-102

[24] Shi S, Valle - Rodr guez J O, Siewers V, et al. Prospects for microbial biodiesel
production. Biotechnology Journal. 2011,

[25] Li Q, Du W,Liu D H. Perspectives of microbial oils for biodiesel production. Applied
Microbiology and Biotechnology. 2008, 80: 749-756

[26] Ratledge C,Wynn J P. The biochemistry and molecular biology of lipid accumulation in
oleaginous microorganisms. Advances in Applied Microbiology, Vol 51. 2002, 51: 1-51

[27] B K, SRR ERME. BRI RIWT ST SR B AR T AR, 2005, 3:
23-27

[28] lllman A, Scragg A,Shales S. Increase in Chlorella strains calorific values when grown in
low nitrogen medium. Enzyme and Microbial Technology. 2000, 27: 631-635

[29] Khozin-Goldberg 1,Cohen Z. The effect of phosphate starvation on the lipid and fatty
acid composition of the fresh water eustigmatophyte Monodus subterraneus. Phytochemistry.
2006, 67: 696-701

[30] Mata T M, Martins A A,Caetano N S. Microalgae for biodiesel production and other
applications: A review. Renewable and Sustainable Energy Reviews. 2010, 14: 217-232

[31] Chisti Y. Biodiesel from microalgae. Biotechnology advances. 2007, 25: 294-306

[32] Alvarez H,Steinbithel A. Triacylglycerols in prokaryotic microorganisms. Applied
microbiology and biotechnology. 2002, 60: 367-376

[33] Meng X, Yang J, Xu X, et al. Biodiesel production from oleaginous microorganisms.
Renewable Energy. 2009, 34: 1-5

[34] Gouda M K, Omar S H,Aouad L M. Single cell oil production by Gordonia sp. DG using



EHRERET KPR W51 T

agro-industrial wastes. World Journal of Microbiology and Biotechnology. 2008, 24:
1703-1711

[35] Chen H C,Chang C C. Production of y - Linolenic Acid by the Fungus Cunninghamella
echinulata CCRC 31840. Biotechnology progress. 1996, 12: 338-341

[36] Liu B,Zhao Z K. Biodiesel production by direct methanolysis of oleaginous microbial
biomass. Journal of Chemical Technology and Biotechnology. 2007, 82: 775-780

[37] Angerbauer C, Siebenhofer M, Mittelbach M, et al. Conversion of sewage sludge into
lipids by Lipomyces starkeyi for biodiesel production. Bioresource technology. 2008, 99:
3051-3056

[38] Carioca J O B. Biofuels: problems, challenges and perspectives. Biotechnology Journal.
2010, 5: 260-273

[39] Shay E G. Diesel fuel from vegetable oils: status and opportunities. Biomass and
Bioenergy. 1993, 4: 227-242

[40] Shaojin Y,Yiping Z. Research and Application of Oleaginous Microorganism. China
Foreign Energy. 2006, 2: 90-94

[41] Makula R, Lockwood P,Finnerty W. Comparative analysis of the lipids of Acinetobacter
species grown on hexadecane. Journal of bacteriology. 1975, 121: 250

[42] Olukoshi E R,Packter N M. Importance of stored triacylglycerols in Streptomyces:
possible carbon source for antibiotics. Microbiology. 1994, 140: 931

[43] Lu X, Vora H,Khosla C. Overproduction of free fatty acids in E. coli: implications for
biodiesel production. Metabolic engineering. 2008, 10: 333-339

[44] Somashekar D, Venkateshwaran G, Sambaiah K, et al. Effect of culture conditions on
lipid and gamma-linolenic acid production by mucoraceous fungi. Process Biochemistry.
2003, 38: 1719-1724

[45] Beopoulos A, Cescut J, Haddouche R, et al. Yarrowia lipolytica as a model for bio-oil
production. Progress in lipid research. 2009, 48: 375-387

[46] Zhu LY, Zong M H,Wu H. Efficient lipid production with Trichosporon fermentans and
its use for biodiesel preparation. Bioresource technology. 2008, 99: 7881-7885

[47] Chen X, Li Z H, Zhang X X, et al. Screening of oleaginous yeast strains tolerant to
lignocellulose degradation compounds. Applied Biochemistry and Biotechnology. 2009, 159:
591-604

[48] Hu C M, Zhao X, Zhao J, et al. Effects of biomass hydrolysis by-products on oleaginous
yeast Rhodosporidium toruloides. Bioresource Technology. 2009, 100: 4843-4847

[49] Huang C, Zong M H, Wu H, et al. Microbial oil production from rice straw hydrolysate
by Trichosporon fermentans. Bioresource Technology. 2009, 100: 4535-4538

[50] Dai C, Tao J, Xie F, et al. Biodiesel generation from oleaginous yeast Rhodotorula



5 52 T BHRERET KPR

glutinis with xylose assimilating capacity. African Journal of Biotechnology. 2010, 6:

[51] Li Q, Jiang X, He Y, et al. Evaluation of the biocompatibile ionic liquid
1-methyl-3-methylimidazolium dimethylphosphite pretreatment of corn cob for improved
saccharification. Applied microbiology and biotechnology. 2010, 87: 117-126

[52] Economou C N, Makri A, Aggelis G, et al. Semi-solid state fermentation of sweet
sorghum for the biotechnological production of single cell oil. Bioresource technology. 2010,
101: 1385-1388

[53] Hui L, Wan C, Hai-Tao D, et al. Direct microbial conversion of wheat straw into lipid by
a cellulolytic fungus of Aspergillus oryzae A-4 in solid-state fermentation. Bioresource
technology. 2010, 101: 7556-7562

[54] HeHfuft, BA3E, . LA RE A A T IR BT 7T, o AR TR
&£.2007, 27: 59-63

[55] Zhao X, Wu S G, Hu C M, et al. Lipid production from Jerusalem artichoke by
Rhodosporidium toruloides Y4. Journal of Industrial Microbiology & Biotechnology. 2010,
37: 581-585

[56] Zhao C, Cui W, Liu X, et al. Expression of inulinase gene in the oleaginous yeast
Yarrowia lipolytica and single cell oil production from inulin-containing materials. Metabolic
engineering. 2010, 12: 510

[57] &, Wiketk, k&R, BOIRZMAREEE B3 FHIARZTEh KB = E i
AW TFE 244, 2011, 27: 453-460

[58] Wu S, Zhao X, Hu C, et al. Screening of fungi for microbial oil production using
N-acetyl-D-glucosamine. China Biotechnol. 2008, 28: 58-62

[59] Karatay S E,D&mez G. Improving the lipid accumulation properties of the yeast cells for
biodiesel production using molasses. Bioresource technology. 2010, 101: 7988-7990

[60] Saenge C, Cheirsilp B, Suksaroge T T, et al. Potential use of oleaginous red yeast
Rhodotorula glutinis for the bioconversion of crude glycerol from biodiesel plant to lipids and
carotenoids. Process Biochemistry. 2011, 46: 210-218

[61] Liang Y, Cui Y, Trushenski J, et al. Converting crude glycerol derived from yellow
grease to lipids through yeast fermentation. Bioresource technology. 2010, 101: 7581-7586
[62] XUE F, MIAO J, ZHANG X, et al. Studies on lipid production by Rhodotorula glutinis
fermentation using monosodium glutamate wastewater as culture medium. Bioresource
technology. 2008, 99: 5923-5927

[63] Kennedy E P. Biosynthesis of complex lipids.1961,vol. 20, pp.934

[64] Carman G M,Han G S. Roles of phosphatidate phosphatase enzymes in lipid metabolism.
Trends in biochemical sciences. 2006, 31: 694-699

[65] Wu W, Lin Y, Wang E, et al. Regulation of phosphatidate phosphatase activity from the



EHRERET KPR o5 53 T

yeast Saccharomyces cerevisiae by sphingoid bases. Journal of Biological Chemistry. 1993,
268: 13830-13837

[66] Wu W I,Carman G M. Regulation of phosphatidate phosphatase activity from the yeast
Saccharomyces cerevisiae by nucleotides. Journal of Biological Chemistry. 1994, 269: 29495
[67] Beopoulos A, Mrozova Z, Thevenieau F, et al. Control of lipid accumulation in the yeast
Yarrowia lipolytica. Applied and environmental microbiology. 2008, 74: 7779-7789

[68] Beopoulos A, Chardot T,Nicaud J M. Yarrowia lipolytica: A model and a tool to
understand the mechanisms implicated in lipid accumulation. Biochimie. 2009, 91: 692-696
[69] Ratledge C. Regulation of lipid accumulation in oleaginous micro-organisms.
Biochemical Society Transactions. 2002, 30: 1047-1049

[70] Wynn J P, Kendrick A,Ratledge C. Sesamol as an inhibitor of growth and lipid
metabolism in Mucor circinelloides via its action on malic enzyme. Lipids. 1997, 32: 605-610
[71] Wynn J P, bin Abdul Hamid A,Ratledge C. The role of malic enzyme in the regulation of
lipid accumulation in filamentous fungi. Microbiology. 1999, 145: 1911-1917

[72] Alfenore S, Molina-Jouve C, Guillouet S, et al. Improving ethanol production and
viability of Saccharomyces cerevisiae by a vitamin feeding strategy during fed-batch process.
Applied microbiology and biotechnology. 2002, 60: 67-72

[73] Papanikolaou S,Aggelis G. Modeling lipid accumulation and degradation in Yarrowia
lipolytica cultivated on industrial fats. Current microbiology. 2003, 46: 398-402

[74] Granger L M,Pareilleux A. Caracté&isation cinéique et stoechiomérigue de la synthese
d'acides gras chez Rhodotorula glutinis. 1992,

[75] Gill C,Ratledge C. Effect of n-alkanes on the transport of glucose in Candida sp. strain
107. Biochemical Journal. 1972, 127: 59P

[76] Aggelis G, Komaitis M. Enhancement of single cell oil production by Yarrowia lipolytica
growing in the presence of Teucrium polium L. aqueous extract. Biotechnology Letters. 1999,
21: 747-749

[77] Cescut J. Accumulation d'acylglycé&ols par des espeees levuriennes ausage carburant
aé&onautique: physiologie et performances de procé&lés. 20009,

[78] Papanikolaou S, Galiotou-Panayotou M, Chevalot I, et al. Influence of glucose and
saturated free-fatty acid mixtures on citric acid and lipid production by Yarrowia lipolytica.
Current microbiology. 2006, 52: 134-142

[79] Wu S G, Hu C M, Jin G J, et al. Phosphate-limitation mediated lipid production by
Rhodosporidium toruloides. Bioresource Technology. 2010, 101: 6124-6129

[80] Ykema A, Verbree E, Verseveld H W, et al. Mathematical modelling of lipid production
by oleaginous yeasts in continuous cultures. Antonie van Leeuwenhoek. 1986, 52: 491-506
[81] Papanikolaou S, Gortzi O, Margeli E, et al. Effect of Citrus essential oil addition upon



5 54 T BHRERET KPR

growth and cellular lipids of Yarrowia lipolytica yeast. European Journal of Lipid Science and
Technology. 2008, 110: 997-1006

[82] Kimura K, Yamaoka M, Kamisaka Y. Inhibition of lipid accumulation and lipid body
formation in oleaginous yeast by effective components in spices, carvacrol, eugenol, thymol,
and piperine. Journal of agricultural and food chemistry. 2006, 54: 3528-3534

[83] wlXX, #EHtt, fhauk. CumExt ik [y IR B B I B8 ) ISR Tl A2 i A
2008, 35: 200-203

[84] Kendrick A, Ratledge C. Lipid formation in the oleaginous mould Entomophthora
exitalis grown in continuous culture: effects of growth rate, temperature and dissolved oxygen
tension on poly unsaturated fatty acids. Applied microbiology and biotechnology. 1992, 37:
18-22

[85] Evans C T, Ratledge C. A comparison of the oleaginous yeast, Candida curvata, grown
on different carbon sources in continuous and batch culture. Lipids. 1983, 18: 623-629

[86] Ratledge C,Hall M J. Accumulation of lipid by Rhodotorula glutinis in continuous
culture. Biotechnology Letters. 1979, 1: 115-120

[87] Ykema A, Verbree E C, Kater M M, et al. Optimization of lipid production in the
oleaginous yeast Apiotrichum curvatum in wheypermeate. Applied microbiology and
biotechnology. 1988, 29: 211-218

[88] Pan J G, Kwak M Y,Rhee J S. High density cell culture of Rhodotorula glutinis using
oxygen-enriched air. Biotechnology Letters. 1986, 8: 715-718

[89] Zhang J, Fang X, Zhu X L, et al. Microbial lipid production by the oleaginous yeast
Cryptococcus curvatus O3 grown in fed-batch culture. Biomass and Bioenergy. 2011,

[90] Li Y, Zhao Z K,Bai F. High-density cultivation of oleaginous yeast Rhodosporidium
toruloides Y4 in fed-batch culture. Enzyme and Microbial Technology. 2007, 41: 312-317
[91] Zhao X, Hu C, Wu S, et al. Lipid production by Rhodosporidium toruloides Y4 using
different substrate feeding strategies. Journal of Industrial Microbiology & Biotechnology.
2011, 38: 627-632

[92] Jin M J, Huang H, Xiao A H, et al. A novel two-step fermentation process for improved
arachidonic acid production by Mortierella alpina. Biotechnology Letters. 2008, 30:
1087-1091

[93] Gill C, Hall M,Ratledge C. Lipid accumulation in an oleaginous yeast (Candida 107)
growing on glucose in single-stage continuous culture. Applied and environmental
microbiology. 1977, 33: 231-239

[94] Lin J, Shen H, Tan H, et al. Lipid production by Lipomyces starkeyi cells in glucose
solution without auxiliary nutrients. Journal of biotechnology. 2011, 152: 184-188

[95] Mh<idf, ThoEfh, sKESs. BB REPINr B R is A ey s, A LR



EHRERET KPR o5 55 T

4. 2010, 26: 997-1002

[96] Peng X,Chen H. Single cell oil production in solid-state fermentation by
Microsphaeropsis sp. from steam-exploded wheat straw mixed with wheat bran. Bioresource
technology. 2008, 99: 3885

[97] Certik M,Shimizu S. Biosynthesis and regulation of microbial polyunsaturated fatty acid
production. Journal of bioscience and bioengineering. 1999, 87: 1-14

[98] zittelli G C, Rodolfi L, Biondi N, et al. Productivity and photosynthetic efficiency of
outdoor cultures of Tetraselmis suecica in annular columns. Aquaculture. 2006, 261: 932-943
[99] Salim S, Bosma R, VermuéM H, et al. Harvesting of microalgae by bio-flocculation.
Journal of applied phycology. 2011, 23: 849-855

[100] Xia C, Zhang J, Zhang W, et al. A new cultivation method for microbial oil production:
cell pelletization and lipid accumulation by Mucor circinelloides. Biotechnology for biofuels.
2011, 4: 1-10

[101] Ratledge C,Cohen Z. Microbial and algal oils: Do they have a future for biodiesel or as
commodity oils? Lipid Technology. 2008, 20: 155-160

[102] Hsiao T Y,Glatz C E. Water reuse in the L - lysine fermentation process. Biotechnology
and bioengineering. 1996, 49: 341-347

[103] Hsiao T, Glatz C E,Glatz B A. Broth recycle in a yeast fermentation. Biotechnology
and bioengineering. 1994, 44: 1228-1234

[104] Murphy T, Blanch H,Wilke C. Water recycling in extractive fermentation. Process
Biochemistry. 1982, 17: 6

[105] Babu P,Panda T. Effect of recycling of fermentation broth for the production of
penicillin amidase. Process Biochemistry. 1991, 26: 7-14

[106] Yano T, Mori H, Kobayashi T, et al. Reusability of broth supernatant as medium.
Journal of fermentation technology. 1980, 58: 259-266

[107] Converti A, Perego P, Lodi A, et al. In-situ ethanol recovery and substrate recycling
during continuous alcohol fermentation. Bioprocess and Biosystems Engineering. 1991, 7:
3-10

[108] BX5EBH. ZEURZ KOG [0l HT A et 78, vh Ah s &) 55 A %) 7. 1994, 2:

[109] &%, XA BEDL. fEH KRR KB T ZHIBEFE. B, 2007, 34: 55-57
[110] Kim J S, Kim B G,Lee C H. Distillery waste recycle through membrane filtration in
batch alcohol fermentation. Biotechnology Letters. 1999, 21: 401-405

[111] Ding Z, Zhang L, Fang Y, et al. Application of full permeate recycling to very high
gravity ethanol fermentation from corn. Korean Journal of Chemical Engineering. 2009, 26:
719-723

[112] Zzhang W, Xiong R,Wei G. Biological flocculation treatment on distillery wastewater



5 56 T BHRERET KPR

and recirculation of wastewater. Journal of hazardous materials. 2009, 172: 1252-1257

[113] Zhang Q H, Lu X, Tang L, et al. A novel full recycling process through two-stage
anaerobic treatment of distillery wastewater for bioethanol production from cassava. Journal
of hazardous materials. 2010, 179: 635-641

[114] Sk, /7. #7508 TR KGR BT BT 78, RIS, 1992, 8-12
[115] JA4R, Blbedt, FEK. BERA T RBAEA A T Z. AYin TR, 2009, 7:
50-53

[116] 5B/=, 32855 E. BERFANAI &t 1h TiR 4. 1997, 18: 245-249

[117] Gao J, Xu H, Li Q J, et al. Optimization of medium for one-step fermentation of inulin
extract from Jerusalem artichoke tubers using Paenibacillus polymyxa ZJ-9 to produce R,
R-2, 3-butanediol. Bioresource Technology. 2010, 101: 7076-7082

[118] Folch J, Lees M,Sloane-Stanley G. A simple method for the isolation and purification of
total lipids from animal tissues. Journal of biological Chemistry. 1957, 226: 497-509

[119] Bradford M M. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical biochemistry.
1976, 72: 248-254

[120] & RH VLB, 40H 2R BEROR AL A= it B TR BN AP ARt . 1995,
15: 53-56

[121] Hughes J, Ramsden D,Symes K. The flocculation of bacteria using cationic synthetic
flocculants and chitosan. Biotechnology techniques. 1990, 4: 55-60

[122] Weir S, Ramsden D, Hughes J, et al. The flocculation of yeast with chitosan in complex
fermentation media: the effect of biomass concentration and mode of flocculant addition.
Biotechnology techniques. 1993, 7: 199-204



AT KFW 20005 W57 71

Bt

AR AT B P ITE AR LA 8 T AR LS, FITAR N 2 AR R SE 3
B, IR RR AR AN BT ) AR B sz s HE e, 45 R OL T REF RS, fleflifis
J R A R SIEL, D9 3RAE A Ja 2RI IE A TE B G BZ FT T R ARl [,
X LAE, SZINE R A TE M, X RAIRAEANE G /R ), AR 2 B0 L,
DR ERMP IR SCTE R I 5 [ 00 2 i Tk e B Ul 2 1 S !

(RIS RUALL 2 et B S 36 DA R A 3 v ) 5 B

R U A PR AL (M B 02, X R R) S A S0 5 T 45 1 IO B, A B2 RE SR B
FAEYE, 45 TIRSLIRTT W, AR bR I

SIS bl SEGRIT S0 SREIM Sl . B0 bl A smIm i AE se i i R b 2
CARSEBCRIAE B BRI BEIOL3G . 2R, ARMEYE. %oal, £im. HIRHSESR
= HA A AR S0 S AR TR T 4 T A

e, USRI =MW Sl RE T, — BEBRERSCR S 2R e &, Lk
A AT s, A AT TR SR ATl BT ) 58 AR BRI T A S, AR [ i
o



5 58 T BHRERET KPR

Bighn e 2RI E

1. Yumei Wang, Wei Liu, Jie Bao. Repeated batch fermentation with water recycling and cell
separation for microbial lipid production. Submitted to Frontier of Chemical Science and
Engineering. Under Review.

2. Huang, X., Wang, Y.M., Liu, W,, Bao, J. 2011. Biological removal of inhibitors leads to the
improved lipid production in the lipid fermentation of corn stover hydrolysate by
Trichosporon cutaneum. Bioresour. Technol. 102, 9705-9709.

3. Liu, W., Wang, Y.M., Yu, Z., Bao, J. 2012. Simultaneous saccharification and microbial
lipid fermentation of corn stover by oleaginous yeast Trichosporon cutaneum. Bioresour.
Technol. BITE_10020.

4. EEAMg, X B, PEA AN B B R ORI A i A B R . BB T
Je A= BT AR AE YD BE T 2, 2011.10.9-11, EH, FAL.



