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ABSTRACT

Rhodotorula glutinis (BCRC 22360) is an oleaginous yeast that can accumulate
copious quantities of lipids. As compared to plant seed oil, R. glutinisgrew fast with
high lipid content biomass, therefore it is a potential alternative oil resource for
biodiesel production.Thehydrolysis of agricultural wastes and crude glycerol was
adopted to enhance the growth of R.glutinis for the accumulation of microbial oil in
the study.

The argument of land usage and the cost consideration had turned the use of
microbial lipids in replace of vegetable oils into a competitive alternative for the
production of biodiesel fuel. And lignocellulosic biomass is one of the most
abundantly available raw material on the Earth for the production of biofuels.
Therefore, the development of R.glutinis for the utilization of lignocellulosic biomass
hydrolysate as carbon source is desirable. This method can solve the problem for the
high cost and land usage, in addition, it can achieve the resources recovery.

In flask batch experiments, several carbon sources (glucose, pure glycerol, crude
glycerol, xylose, lignocellulosic biomass hydrolysate) at 30 g/l were evaluated. The
lignocellulosic = hydrolysate can lead to the biomass of 9.47+£0.23 g/l and lipid
content of 10.7£0.63 % measured. Although the lipid content is lower than others, it

has the higher 5 -carotene content of 2.744+0.3 mg/g. Themixture lignocellulosic

biomass hydrolysate and crude glycerol as a carbon source for the cultivation of R.
glutinis in an airlift bioreactor was also evaluated, and obtained the highest lipid
content of 51.84+2.08 %at a 2 vvm aeration rate with 30 g reducing sugars/L of
lignocellulosic biomass hydrolysate and 30 g/l crude glycerol. The lipid content in the

batch with mixture carbon source is 1.51 times the batch using sole lignocellulosic
II



biomass hydrolysate at 60 g reducing sugars/L. Conclusively, it is useable by using
lignocellulosic biomass hydrolysate as a carbon source for the cultivation ofR. glutinis.

This low cost feedstock has the potential being applied for microbial oils production

in the future.
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2.2.1 2 &5 8 & 4~ (Crude glycerol)
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#2244 @ g ~ % ~ 17 % (J.C. Thompson et al.,2006)

Analysis results of macro elements,

carbon and nitrogen

Ca (ppm)

K (ppm)

Mg (ppm)

P (ppm)

S (ppm)

Na (Y%wt)

C (Y%wt)

N (%wt)

19.75+1.5

BDL"

5.4+0.4

58.7+6.8

14.0+1.5

1.0710.12

26.31+0.58

0.05+0.01

* BDL : Below the Detection Limit
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Trace elements in
Pysiology
crude glycerol
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#. 2-40il 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

# 2-5 Lipid composition of some microorganisms (Xin Meng et al.,2009)

Lipid composition (w/total lipid)

Microorganisms
Cl6:0 Cile:l C18:0 C18:1 C182 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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Bl 2-2 Bt 4k (G, 2007)

ST BTG A R e g BRACER > T i 90
20~40% 2 & > 4 Arthrobacter sp.f- Acinetobacter calcoaceticus =3 *5 7 £ 4 %]
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TR 2o L R e PR FRERT TR > A
2R LD IR L FF ARE T o M ER R Y T096 60 v v
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s o 1980 4 12k o R Ao B F(A &R FDARAR 3 B oRA R 1
M2 4o — & %2 FF 4 4o Rhodosporidium sp. ~ Rhodotorula sp. ~ Lipomyces sp.
£ 0 BB 709Gk eE p o o o {0k fdn 01+ b 2 RS ] Crptococeus
curvatus = & ¥ RE DG iE 2T o0 F s R fF T faid 60% 00 ) o
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B e (C18:1)~ & i pa(CI82)~ 1 W EL (C16: 0) & 2 4w po (Cl6:1) 5 1 (% 2-4) >

BP 2 befoiginflird h ERF o WK Feap & F LA MR Atk
Rhodosporidium toruloides Y4 4= R. toruloides CBS 14 #7 % # ch& 4% ipk 1 & »

L4 C16 4= CI8 #rif % (Evan CT. et al., 1984) = $eif >+ § < ez d 17 #¥ie
{73 F = en7 38 k32 % Rhodosporidium toruloides Y4 » &3z & 25 % 215 > F##
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$ 7 AP FEE o TR BT 2R 461 gl 195 g1 B 70 gl &
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EBIRE TR T O L RLAG B TR A TR T AR KR

Bl 2-3 5 &= ¥ % % Rglutinis 2 %% R -

B 2-3 = : Rhodotorula glutinis 2_ #5332 % % % B ; » : Rhodotorulaglutinis 2.

N %% Bl 0 + ¢ Rhodotorulaglutinis 2o 5 5% 2 p¥ 4, % % B
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24.1 A4 % —Rhodotorula glutinis
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A tR2 — 0 H ¢ P-carotene £ F FUREISLE L 2 H T fudrd| A Bfed P H
RNy hd o FTE Py RFOEE S 5o

(a) (b)

E.

| -

i’ p

E

Bl 2-4(a) 5 * kB B ACA, £ 2% 400 & T #rEL % 3| Rhodotorula glutinis &m 7z 4
12




o EFA PR (D)5 % iE2 0¥ %;%Efﬁ'!tﬁ(if]t 4v Nile red) » % 400 & =7

BL% 3| Rhodotorula glutinis shim?s ggd % i d

13



25 At

AFRAE D R YRR oA TR e S o d WA Fy o R
PR H IR B AR B Gl A TRAE R A A BT R T Pk R
del ¥ b (R BARTD 0 S R1EPRAE ) HERY (¥ Hick
AHE) R EASE (65 SR R A6 S ) B R (B e
BoAk  BRAE) uiss HlEy o J TREF L REFE AT i
Primie BRI 2 B P IARST R R & e W R R ONEEE KR ok 2
2 & fRigut gk v & 4 (Shuvashish Beheraet al.,2014) -

RRIL A ATRLA TR~ X E mé.’-ﬁi_ DT EIR SRE %ﬁé—f# s JEm
REAREET U b middag ke EMeose RP g2 4 42 5 70 o
it Bdp F i AR 0 (2 ek BTIE I AT e AR 0 H B 5 {24 4 (Carvalheiro

F et al.,2008) -

<y

RS S 57 A 4% Faigil g (KRB ) B8 (KR

GookEfE RS TR ) MB (d o A F P Ao} BAED AFT R

Cellulose Hemicellulose  Lignin Microfibrils Degrading
\ /' Enzymes

Lignocelluloses  Cellulose fiber Microfibrils

- » B %@

Agricultural Without
wastes pretreatment
Pretreatment
Bioproducts with low vield and

productivity and high residue

Bioproducts with low yield and
productivity and low residue

\ Degrading

Enzymes

B 2-5 7 AT $ A F R E 4 4 ek 7 L B (Shuvashish Behera et al., 2014)
14



2.5.1 $ 2 7F g2

PRIAFEIEE Y KB A TR AN ffrit e oI Red s
R LSRR 0 R g TR AT 0 hoRT B (3R B 0 B 0 ARRE o YRR
Briedrde e a7 B )~ A~ A Erip ot (7 SRR+ R ) TR kel pER
SYEEN S I

Ao E ok iRk TR 0 B onan R R A ek e ]

\,

MmoF RSB A (FEAE) FliRgatF RAERL2 ¥V 7o

F_k

0w FHAPE- AATOIL g R AJR S 2 BRI R R T A

~

o~ R & 4o d +2(Karunanithy C et al.,2010) -
252 i 838 e

“,%—i AFZ ez kR glragod prEEpg s 2 MR ER (DP)
fogh i E w A g R o CEAEASL e & % kof /B4 5 2 2 - (Agbor VB et
al 2011) - 7 ¢ AR EH ] hiifrd i fd R AH R AL b ¥
RS BRI KRR F AP e g e -t B e e
WEHATRAFAHFFTHRLHIHEFET > AALJAAFH L7 0
FRERT A

B S AT A i e RET R R EA TR LR aE fosa

Foof WEATE o gk RACRFRT CRA A A 7k 873

o5
%
k:

Ehem iy (R ) W Ay p AT R vl gt dis. v
LIRS o R AR E 2V A FGE G Faa 2w e P

- AL Y A -

15



253 ¥ & 37 Agw

FIECFRALEE M F P RERSBLREE AT RO - e
FPIERIL S o o BRI 0 RMACK AR RS & BRI
Fokop Ak NI RMIcATRAE S HERI ST E Pk
ok R AT AT AR S R £ TN A S e B E R KL
% #%7% &l (Sathitsuksanoh N et al.,2012) -
254 4 %35 AR

2P RRIL A 53

jul®
3
[
s
Ilal
fie
e
R
~=y
™
}\_
ﬂ,m}\‘
g
e
L3
=
e
frt.
jm
'
24
F_&

BEMGE 2 AAFANEPTAER A AB AL PRI - BAY
FEM g F & it R o B oo gttt o < S fiiicd F R
T2 R AFEF R AF ~Ggaga e o Tt A FAp el g BF L

PR BT AP A3z e b EAED F a4 o

16



2.6 KRBT L

AEBE Y A AR P LKA TR R R R T
LB R ch A A L o
2.6.1 %

F AR N Pk B R Pl 2R A RA IR REEA B
B R PSR R 2 AR T o e R LR o AR LR B [
S d pE et & B BEES R M SPREEL o b B AT T g
a0 & 2 f B LI #hiE * (Pitchaporn Wanyo etal., 2009) « # 2-6 & 5 #ehi

Tz HZF o

%26 KaEhi XNz 5§

Components
Moisture 12.34+0.24
Protein 13.17£0.12
Fat 20.36+0.01
Carbohydrate 32.3710.26

Ash 11.12+0.01

Fiber 11:3940.00

Amylose 3.63+0.06

2.6.2 ¥k

1921 & > 24 $ 8 R £ a2 AP I R o v B E A RUES

5

¥ j_Dangeard 5 it t 220 46 T 0D F o B¢ R Fic R
WS TTLRF ST S RIBT BE o KT B D RS 4 12 Texcoco # ¢ id
WIE PR A& 39 AR L1963 & 0 #REH AL FM (G Clement)

17



BLFRPERFEF O AR AR LAY RS2 B A1 XA LG RAAF
;L" °

AAFFEEE P T BE 2 ORI RET G 8 &Y
(Cifelli, 1983; Belay et al.,1993) o b2 55 ke cri=t & @ F=v H (k52 £ 60~709% )
B2 EF (BIR2eB-# By 2788 ) H¥ T~ w piiAfliongnp  #Fu iy
- I ik (GLA) 3 £ £ % (Belayetal, 1993) -

PIORR A M8 St b e g S E RN E RS o S TRA
Lo BPARDHNG CHRLRPEFAMRZE  BRETF TP RE S
FERGE S F @ R N B R R 2 BT ad - T
# fE(GLA)¥ fljkem #[9 % (£ ~ & §F §-d (Phyeoeyanin)¥ # & i & K 5%~ 5 ¢

hifdk ~ JF BT E I P R R o

18



2.7 M2 $ A B4

— A E o N A AN hk 27 4 G A 384 (C. Ratledge,2004) :

I e fiEme sl 224 00 s X3 902 v 5 —acetyl-CoA o
IL & em ik pfh & A2 Y #7% iR i # —NADPH -

T 4w i i acetyl-CoA 2 NADPH 4 = 4 -

acetyl-CoA

. 4% kR*& @% ) AMPdeaminase ;& v » 9 5 §F Ry A * & preng

II. "% AMP deaminase 72+ F 2 » ‘mfz p B AE P D AMPERE T % o
AMP—inosine 5’ —monophosphate +NHj3

II. & ** AMP }k & ™ * - isocitrate dehydrogenase » §9 ¥ i% i} i& i -

IV. isocitrate dehydrogenase é3i% ik > 3¢ = isocitrate & ;% 4t Pm ¥ 3 F

Aconitase £ citric acid & = T ff7 o

V. F citrate #0207 3T n“’ﬂ%%ﬁ poo @ B 39 sacitrate 3~ fmre R (S 0 AR

ATP : citrate lyase *» %74 2 7 acetyl-CoA {r oxaloacetate °

Citrate + CoA + ATP—acetyl-CoA + oxaloacetate + ADP + P;

NADPH

% d malic enzyme ¥ ¥ NADPH :

Malate -+ NADP ' —pyruvate+CO, +NADPH

19



b Fa T d B 2-6 &7

MITOCHONDRION
CYTOSOL o
lglymlysis (o
pjmn'att P prruvaie
co, C02+AIP
ADP+ P
t 'h'ansh}'dmgenase *
oxaloacetats 4
cycle’
\ 4
acetyl-Col
NADP
"'U;DPE
acemyl- Cc:uA J citrate cilrate 5
mmm&m-
oxaloacetate 7 axaloacetate
LIPID 5 cycle' )
BIOSYNTHESIS malage malate —=
Bl 2-6 18 #5757k ~ #+8 (C. Ratledge,2004)
FEWM Y > T d Bl2-7 A AR (PR AR
ENDOPLASMIC RETICULUM 16:0 — elongases and desaturases — LCPUFA

CYTOSOL

glycolysis — glucose

( CMT ] MITOCHONDRIAL MEMBRANE
o MITOCHONDRIAL MATRIX
TCA cycle

Bl 2-7 Pq 9spc % 4 #1EB](C. Ratledge,2004)
20



WAt hg b et ¢ s g pEi a2 & 5 Cl6 & CI8 thdefoiy sk o

MR P AR R R S AF e iRl o & 4 A AR foig VAR 1 BHBl 4o @] 2-8 o

7 x Malonyl-CoA — elongase
16:0 —» 18:0
Acetyl-CoA W (Palmitic acid) (Stearic acid)
A9 desaturase
A15 desaturase A12 desaturase

18:3(9,12,15) < 18:2(9,12) = 18:1(9)
{o - Linoleic acid) {Linoleic acid) {Cleic acid)

l* -=== A6 desaturase =~ —bl
18:4(6,9,12,15) 18:3(6,9,12)

(y-Linolenic acid)
lq---- = Elongase/s = === l

20:4(8,11,14,17) 20:3(8,11,14)
iﬂ- - === Abdesaturase--- Ibl

20:5(5,8,11,14,17) 44— 20:4(5,8,11,14)
(Eicosapentaenoic acid) n-3 desaturase (Arachidonic acid)

lﬂ ————— Elongase/s = = = - -bl

22:5(7,10,13,16,19) 22:4(7,10,13,16)
ii ----- A4 desaturase— - - Fl
22:6 (4,7,10,13,16,19) 22:5(4,7,10,13,16)
(Docosahexaenoic acid ) (Docosapentaenoic acid)
n-3 series n-6 series

B 2-8 Hrd 25 2 & fory dafk N B 12 (C. Ratledge,2004)
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28 BEHE FHAET
A f RAF et Y] ¢ BE AT Y 0 R Fedp o e d 4R
FUOR(T 54~ 40 ~ % %) #1401 § R(peptone ~ (NHy),S0, %)% 7|24 ¢h
EET AR AL FEG M e o FR o il A E B R A
LIy & A ¢ B § v (carbon-to-nitrogen ratio)fr# s Fl & > o B ~pH B~ % %
2 BABFIERE

281 pH @&

SRS LT N LS R SRS E RIVES e ]

BAERF MR R DR ALY pH BEauegs ¢ 8 Twie p hengps
THEs e B A e e A o IR 2 /*Jca‘ﬁ 41 » Rhodotorula
glutinis f impatdense Bt ™ o i JE (B # g b #5 2 & (Johnson V. et al.,1992) »
282 %

kA fE BIFL Gor F o R 4 o

B

1*4-

EORET - BAPSTRE
LRNERM R LR 0 4 F e R G R FR A A Gk ¢

Spirulina platensis 3+ B § % ~ % E % # £ % % (Danesi ED.G. et

al2004) -

TERKEHNL AT BRI LR BF LS ik{d Aspergillus

nidulans * 4 3R % 7 £ &7 % (phytochrome) § iz 2 g =k 2 4 F i » a2 &

w

kpEv € (TEML A A FRX IR € 77 124 7 (Anne Blumenstein et

al.,2005) -
A F L 75 kEX FDE F 0 4o Penicillium brevicompactum ~ Aspergillus

nidulans % 36 > B2 % (i dr an M-k il B R R AT B SR 56
22



Pekz =3\ e HPN F9 FE AR Fla By BN AMTL L8R
BAEY L S
283 BRi-F R

FPEAFIEELEL DT F R EN B A A e Bul L A Fe s £
SRS F R BB TP A RE SRR (e B o BRI AP &
NlmE pEAT T A s o R ARES D F ORI PEAT o kAR L RE @
E RO R R R S Py e T B TRUIRE F R R R i
AER A EF g AR EDE R - EHAY 28F &3 F 57 A7k
forg ipReend A5 @ AR E L IRKPE B i e REAA N KRS 5§ o7 e fr ity
A A o
284 mk
PR G Bt B £ 00 s B A R kiR FF B L3t £
T ERRER P EEFAMG PR AR F SRR BFAR R ATRER S R
B TR Ry gl 3R FEE Y 2 FRE I RE0s A e icd A TR
F 2ok R R (TR 3 Rhodotorula glutinis £ 204 "9 % #f+ B § & ki
3o g ot A A & A{rfaid 2 X & 9 ¥ 48 (Saengea C. et al., 2011) -
285 § &
FOREES ARG PR R Ad - a3 § R REFWTE
B F RS A S (DEBE Rbldofe B e 8 2§ g Ricd e B
fa = & 4%~ AU R4% ~ FRfRdRE 5 Q)7 A3 8% JR:bl4e Yeast extract ~ | 2 45

’k% ~ peptone ¥ o

23



Bitrmie L REHS S G RF O LR hE T DB TR PR s 2 TR G D
Fio Flo3 kb A ety iaRa & 3 et Rtz P B0 o ok T 0 B
PRES RS AR oy hpiin g 2 oﬁrzygwgug o & P gk (C/P) »
¢ ¥ &% %3] Rhodosporidium toruloides Y4 % # %3 F ¢z £ (Siguo Wu et al.,
2010) -

Foho A et B TREF CHE MRS ~F 0 - LG EEF

FlF o pMRAREA L F 2 - > VA el e ad 20 OB P A G

i

N

4 e 32 - o g4 Abeforgsaiis BPA e g ¥ X RS > L P

5 <~

Bt F B & 17 e N R w0 vl sl i o

24



29 AP uFpERe sl

29.1 p=x ficd b P BE

LB AR b L EEAS HRFIAM P BRF
A ER LAY B rEAFHBEFEE B EYT o A4 kil
PR FEEIFEEY A F AP RMN B FLEH RS S FHA
BT A R E R Rl AP RE TR A H A R TR o (PR
BAEBEAFB  HWFEIAY 0 BRI CE 2R o

292 3 FFERE X Kb

HEE - TS LRI A RS A oA PERB A K AR -

B e 4 £ 8 (Growth phase)fF » % = e & £ 91 % 3k B 403 F £ R A -

pH E% » W< Bl d o~ B2 Bl > BS L1 » T 52
#3 %% & & #J (Production Phase) » 41 * RATRE T B ARURER B F R

BRESF 0 KRG 2eR Mkt by e
1935 % pedp &1 1% 5 FS L Rsg 3 £ Rhodotorula glutinis £ 2 ¢ 7 I o3 p

=0 s defe— @5 2 T 3 42 % Rhodotorula glutinis 1F ¢ % 0 5 LA PR ECE & BE5S
R 1/4 T) 13 g pEPER b g A B G4 20~30% 0 2 KT 60~70%

e RicR o R E R AN BV Tk oo Bt 1 @427 (Hua Ye et

al.,2010) -

25



31 &M
311 Fk
& BT * G1F & Rhodotorula glutinis » £ pp 2 HF FiRiFEF 2 AL P

(Bioresource Collection and Research Center) > Ff&.% %L : BCRC 22360 -

B 3-1 Rhodotorula glutinis % agar plate *+ 2t @.(Zhiyong, 2011)

26



312 FHER

3120 #4505 R,

Yo 3297 0 AP Sk BB S SL 2 WAV E RN Al s REE
PR IEE Y R F TR G F P BRI J RPN~

Renf A AR B Y 30 R RirR g B TR T4 5
AN L L DR L P w1 X VR R LDF B Rk
BFFONABLFATRE R EFARAT S FENT R LMK PR
AT ER G RN ING T

a4

X G ERA IR SRR

B o Ft o p B dd] kA

SN WU b

TR N AR o PR AR A Y AU R e )
Bl T RIE R AR B

* P
N1 R AR PR Eak U & S
PIpedk B IR F BB T R AR 2 e
BT R A

el b & B

B 32 #4505 e
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3122 §F B FEH

AT R 3307 0 AR R g BNEEEN O RMNEAESL EAR
30cm> “HiE 5 10em F P EE 7.7 cme @ F B o & B L T
FAMAMEY A R ETERE F Y HATE PA BB AL FE
B F N P A B THRREY A A A kA AL RAL RE BTN AR
Bands L RAcE iR e F BT L T SE R
(1) Mg 4 Gd id WG E P Ee T Rl R T U
Pl LFFNEMNE eI #FRhl & RTF -
(2) WMBHME KA SRR 2 F R R AR Rk e
Bodph o FLL R TR R Nk e iy g ek e B0 4 R AE
() FFarE s d 2B NN SRR kS BN G
% BT b B SRR F AR AL o
(4) 7 F i Eond L d ot g BAE AR N g AR ITY o R F P IRehg

LR SEAPTE R/ 0 R R S R S SRR AR AT 3T gk

e

db R s FOE N F W AR kS L Rt RS
fii‘“i‘/ﬁﬂ* 5}4’#’@1‘* Ig‘gﬂg T"%w%f{%*"v‘ﬁi i%lli’k’%?gé_ifé

N
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Bl 3-3 5 B V8

313 AFEa-kigiR AF
2. Yk S B RS
Yol 3-4 977 0 - A A TR AR AR R NfRE 0 ¢ B S A F B

T - “T7T T » <
¥ Y. = -17,5‘#_33 2 7N 7"%@
A MR KRR L AT o ) TR GAEA TR £ - 3 AR SRR A R E

m;\/;:——j’-,‘ ~ S

2 A (SRR -

Bl 3-4 AR ROK R AT
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pET Py o
I EmH W Crude glycerol AERRG AL F
H Glycerol SHOWA

35 Glucose ROQUETTE

fis#* 5 B4 Yeast extract DIFCOBD

Frpads Ammonium sulfate SHOWA

P ik 4% Magnesium sulfate heptahyrate SHOWA

Frfe = & 49 Potassium dihydrogenphosphate SHOWA

F V48 Calcium dichloride dehydrate LT &3

F 1“4 Sodium chloride SHOWA

fL g Hydrochloric acid Scharlau

B e Sulfuric acid Scharlau

ok Phosphoric acid SHOWA

2l Nitric acid SHOWA

a3 it4 Sodium hydroxide SHOWA

4 F (L 4w Potassium hydroxide SHOWA

v B% Methanol ECHO

ENY Chloroform ECHO

ez n-Hexane TEDIA

LT g Methyl palmitate,97% Alfa Aesar

t P T Ao
A P ® iy
W EL T iy
I Jppid 7 i
I i e 7 iy

Palmitoleic acid methyl ester
Methylstearate,99%

Methyl oleate

Linoleic acid methyl ester

Linolenic acid methyl ester

MP Biomedicals™
Alfa Aesar
ACROS

MP Biomedicals™

MP Biomedicals™

30



FFHT)

O L AT

YM BROTH Yeast Malt Broth DIFCO BD

L phc fig Ethyl acetate ECHO

z % Acetonitrile ECHO

LNl Propanol ECHO

v R Formic acid ACROS

L Acetic acid SHOWA

~ BE Xylose ACROS

29 A bgpE Hydroxymethylfurural,98% ACROS

iy Furaldehyde,98% ACROS

~ R Arbinose AL -
B-#8&F % Predominalltly trans MP Biomedicals™
P fk Acetone ECHO

3,5 - Ak Rk 3,5-dinitrosalicylic acid

Bk Pra
MENRAapER Viscozyme L Novozymes

¥ e

31



32RHRE

232 PR ESE

REXA B 350

w3 R Precisa BJ100M
T R 5 Ak s FISTEREEM WSC044
Aok i Millipore Simplicity
BRI R E ChromTech MS-3250B
pH 3+ Lutron PH-206
BREFAAL TRIDENT EA635

# ‘pflafﬁg T 5 HIGH TEN 3BH-24
R RTRA LIAN SHEN LUS-150
5 oIV aE Biotop
5084 F BNEFREHR Biotop
RERIE IKA MS1 minishaker
e ng s Sk kB2t Thermo GENESYS 10UV
Bk P Ao s Hettich Universal-32R
£ A B i A i HERMLE 7326

IR YSI 2300STAT

A ST A PAN CHUM CT-series
AR F R AR MISONIX S-3000
E- 4 LIAN SHEN LO-150
KIARTF DECTA DC300H

£ AR e 1 HSIANGTAI MCD-2000

S A IR-35 DENVER

F 18R4T R Thermo Focus GC

® g 4p k47 ®%-UV  HITACHI L-2400,L-2200,L-2130
B »xg % 4p k 47 ®R-RID  HITACHI 5450,5210,5110

32



3.3 £#473 %
3.3.1 FAMsc£ (Dry cell weight, DCW) 4 47 2
B 5ml g iR 0 4o 7,000 rpm 10 min o R R 0 R e E AR TR

HEA L I BT R M DN S AR A R A il

332F FWMERAN > 2
MR E o e g P s s ggig 7,000 pm 10min 0 A SR A

e B

W\*

# 41 * YSI2300STAT Glucose analyzer * & ] o

3.3.3 5 ¥ 7 £ (lipid content) k& 4 7% i3
7F""E"} - Taae m]?]%ﬁ 50 mg’ﬁ S ﬁ%—/‘% (1 2, V/V)/{%ui’ Sml Fé‘? %f‘f %
# ¥

REEI > F AR ABBSEAF (3 S 5 T BERY 3 min) » AR

O

B~ lhro £ 54 i@ 7000 rpm s 10 min - JcF & FBnte fF
2 4Fr G2 mfe L A r 3ml YR/ F BAREBRLAS BTG X B
> 60 Cfalegc 48hr > d sEx w62 £ B AR T HR T E o I RIF S FE
% RN E T REBECHE TG TR i B

(%,w/w) °

334 H b A4
B~ 5ml e iR > 4 7,000 rppm 10 min B~ ¥ iR 0 02 0.45 pm & i g M

Wig 0 & F R4 8 2 HPLC (High performance liquid chromatography) 4 47 °
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£ i N5SODS (250x4.68 mm) > S48 5 50 pl > ##4p (0.01 N

H,50,) 7w 0.4ml 4 47 10 min °

3.3.5 B RERIE
P~ 5 ml % gk 4es 0 40 7,000 pm 5 min Bt 0 R iR 4R 10
BB 1 mlfFfR2 b iR 4o » 1ml#03,5 = ' 2Lk 1 e (DNS) > 1 -k e #: 10 min -

~ =

AETE o A1 MR AR R K RIEF A 47 LK 540 nm -

3.3.6 FB4E - Fr 4 A4
EE PR THCEY, DR SR 2 ORE R IEACE SN ANELE T
WEE) o B~ 5Sml s gk o 3t 7,000 rpm 10 min B~ i o
12.0.22 pm 4 i e B i 0 ik AR 80 14§ il i 4p K 17 R(HPLC-RID)
A At e K RAER L 8TH3 S B AR 1 65+£1°C s LB L Sl B4 5 0.008

N H,SO47k % % 5 imik 0.4 ml/min ©
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34 RER* 3
3.4.1 Rd-FfE s

#-pp FfE¢ o Rhodotorula glutinis 2 /4 ik 5z% ¢ > &3 YM BROTH
(Yeast Malt Broth) i3 % A5 > T3 r R R4 M 24CHE % T2hr > B~

0.8 ml Fjie fr 0.2 ml & F4 >t HcB #ow § 9 325 R & 15 > 2% r 4CrkfaiFT o

3428 % REA
34213 3 % & (Seed Medium, SM)
fI* B3 RE2ABRRZ 24 BRI 224 Co #@ & 150rpm > BT F

21 S CHNUESY E LT &

%33 fArnAR

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

Malt extract 3.0 g/1

Peptone 5.0 g/l

Dextrose 10.0 g/l

i bt e gl e & Ao T 5 Yeast Malt Broth (YM BROTH) » 2 1 N HCI

AR pH 5 55 o
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3422 #pgxx % & (Fermentation Medium, FM)
HAIREAARBIFEEEAY > FH 7 F R FHE R glutinis (h2 £ e

BE TR EEE AL

434 FRER A A

Compounds Concentration (g/l)
Carbon source 30 ~60~90~ 120 g/l
Yeast extract 2.0g/1

(NH4)2SO4 2.0g/l

KH,PO, 1.0 g/l

MgSO, - 7TH,0 0.5 ¢/

CaCl, - 2H,O 0.1 ¢g/1

NaCl 0.1 g/l

343 Kz ¥HR
Lo & B 4 GF R S5 A5 ) 2o > 2% PR3 R 2 K K 1K 4e .30 min
1% 100 mesh & Bk » P~HMWI A o

2. -5 - ﬁ%%@ FRE IR A 0 Av ~ FedgoR o T e~ 0.1 % fiE % (Viscozyme L) o

-

R 5041°C  pH=3.0~3.5 BE KR F & 7 %1% 3 5 i 0 Bop A

LA AR RS R AR

344 £
#32 % 24 hr 2 Seed medium 4% % Fermentation medium ¢ > & FE 5

Fermentation medium 109 2- #4 #% °
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35 ¥ HEH

Hydrolysis

Rhodotorula
glutinis

Dilute Acid Concentration
Rice Bran Timing Course
Temperature
Dilute Acid Concentration
Algae Timing Course

gs

Timing Course Temperature
Shaker
Carbon Source Concentration
Aeration
Airlift
Fermenter Carbon Source
Agitation

37




36 RHEHAFE
3.6.1 -k AR LRl 3#
3.6.1.1 -k fRpE R e
Pen: bk Rrgi g np iy
1~P~05g AFCGE#E -~ 8% k) > 4o r 52 52% B -
2~ F1* Kok e £ pF R 30 min >~ 60 min ~ 90 min ~ 120 min i& {7 P& o

3£ 4Pis 0 1P 35 - A k9P AL (DNS)E 17 B Ropl Rl -

3612 3  fpk el

B 373t 2 b k(R e - Aipl ~ AR S BRI HR R A L SR
1~ P~05g A& FCH#F - BT%dk) » be » ST DBR - FLfL ~ AL~ BRRL o
2 ~ Fgrk Ao A 30 min o

3 A Eris o 1% 3,5 - A Ak k4P pe(DNS)E {738 R A iRlaE o

3.6.1.3 # Fif B R B
P Fdd bR AR RAFHERBEE LDV -

1~ 3~05g A FGE# > B k) » 4cr 52 2% BAE -

2~41% 80 °C ~100 °C ~ 120 °C » -k 4c £ 30 min

3 A ATES 0 1% 3.5 2 A Ak 17 i (DNS)IE (7 B R 4Rl ¢
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3.6.2 Figp X F 2P % (flask experiment)

3.62.1 3 AP 2 I

PafFidn AR AW LB AH T2 0E -
1~#18%50mSMERE 2% 24 pF-

2~ 50mIFM 33 & 2 @ i de BURIE & 5 30 g/l sk jaie o
3+0210% #EFE S SM&EI FHEFM Y o

5 24°C ~ 150rpm 32 % 45 ¢ 32 & 48 o) > & 12 [ BB = AT o

3622 7 kA2 BE

PendRet 7 RARER 5 30 gA(F H 48 Hw s ey~ Sk idp)HEns
LB ARF TR

1~ 4% 50mlSM 2 % & > 324 24 | pF o

23 50mIFM# % 3 ¢ §“a1;71:4c§a“§%%\4j;@ ~de b s ROk iR 0 BURE
B A 30gle

3202 10% & FESSMED i EM ¢ o

4~ 3% 24°C ~ 150 tpm 32 % 5732 % 48 ) pE o
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3623 mAikR2BE

Pendfsdn F A0 2 AR A kR ERHAML R Ao pE-
1~%3 % 50mSM3 %3845 24/

23 50mIFM 35 & & ¢ & % 4ok & 5 30~ 60 ~ 90 ~ 120 g/l ek ok i ©
3401 10% £ FESSM T FiEFM ¢ o

3 24°C ~ 150rpm 32 % 47 35 & 48 [ BF o

362473 BF RERZLER

PonfFaR 2 A7 7R3 BERERAFHAMI EREARHTLEE -

I~ 5% 50ml SM 32 % & » 25 % 24 | % o

23050 mlFM 2 % & ¢ & B4 00.5-1.0~2.0g/1 577 # ¥ /R (yeast extract) °
3021 10% REFESSM#L L EEM ¢ -

3 24°C ~ 150 rpm 3 & $5 7 12 & 48 ] BF o

3.6.2.5 iR & BB 2 B

PentiFd g A e kinie binyw HEME B R T B g
1~%32 % S0mISM & 2 » 32 % 24 /] pFo
2~ 50ml FM 1 % ZM TR R G 30g/l ARk fRRicA FER 050512
g/l e 4 b o
302 10% #EFE#SMED FEFM P o

24°C ~ 150rpm 32 % $5 ¢ 3B & 48 ) BF o
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3.6.3 % % # # = 42 & (batch)
3631 HALNHF P33 K

P dF Al ok s ok R e T AN E R Y M
UERSD ¥ LY £8 7 X
1334 50mlSM 32 % L » 2% 24 ] pF o
2~ Fefl 3000 mIFM 32 % 4k > JE R 5 60 g/l irfefBok fdie o ¥ S-L s ¢ o
312 10%4: F B # SM # 3 b it FM ® o 82 % =4 pH 5.5 12 IN NaOH # 4
pHS55  BAE 24C -4 £30% 3 721 vwmTE&FEE ©

512 [ IR R AR LS K 4 SRR

o

e

3632 F ENFHHPFRBA
3.6.3.2.1 % il f € s 4B

B FFe P TR IR R R AT B R § R F
Bl Y AN RS AR EE
1~%3%50m SME &2 8% 24 -
2~ el 5000 mIFM 32 % A kB 5 60 g/l infefiok iz » %0 S-L B s ¢ o
302 10%#EFE#SMED Fit FM ¢ > 32 % 4745 pH 5.5 12 IN NaOH 3 ¥

pHS5  BA2UC i F £ 1 -2 vwn i o

303

F2 [ BEBRFILES RERTRE -

41



3.6.3.2.2 % Ak chEs B

Pt R AR R R (R R R i S ) S A T s g BN
FERY RN Ao R TI BT
1~ 4% 50mSMERE %24 | pFo
2~ fiefl 5000 mIFM 32 % A 0 k& 5 60 g/l ek ok ik ~ o 4~ SR K 12
¥ 5L EER ¢ o
302 10%3% FE#SM 321 b3k FM ¢ > 32 % 424 pH 5.5 12 IN NaOH # &

pH55 > B&R 24C -~ FE 2 vwn T EFE R o
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?Ei %‘g‘—ﬁ’)‘]’\:ﬁ

41 A PRk S L A
BER G A AT RRE R p R E I e R R T ERY

HHMARL e wFd EEYE i 2 ki &5 i 4 $ B (K Srilekha Yadav et

al2011) A sk a3 - 60 fuf fe o B4 0 1 d Bkt & B (RS -

FaE)E AT e B2 REY At felaat o FOEF

)
)
—4

n}

it
il
E-)

M

Peif /L A R LR R I SRR KRR I RACK T G A B A
2 ¢ &4 - Bl FM A & b T (Jeewon Lee,1997)

A drd 4] i o SRR KGR AR A T A
i A G R kT E S fedr gl o d T AE £ K fREE R 2 LR F K
RN EB A e TR RRABA TR EF 2R E O
Fopg-R R ol Rk f2e T @3] 0407 2 anB RAE > 4ot J* (Guochang
Zhangetal. 2011)3p i § A 4 Frf|p22 4 & onde 74 B 5 227 JRAE ~ HRAE >
fe ~ e e B P X rpRAE ~ o REEER FA R B EERF P iR Rk oK 2
Y E AR BIER A S A9 102 A K R KiRR Y § F R
o FeehA A E0.17% > 0.29% > SRR R KRR Y R Z ORS¢ MER

A8l 5 0.31% ~ 0.48% ©
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Fo4-1 »F R SRR R F P fopE g

Reducing
Glucose Xylose Arabinose Formic acid  Acetic acid HMF Furfural
sugar
Bk iz
148.5 71 18.1 0.5 23 4.9 0.11 0.2
(F% 5 o1, g/l)
¥ Ak i3
40.7 21.1 | 0.16 0.17 0.17 0.12 0.29
(%, g/g)
L ek R iR
40.7 18.1 7.1 1.5 42 0.48 -- 0.31
(%, g/g)
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4.2 Ffpe-k f3 37 2
4.2.1 K jREERR 2 8550

AR EBRAFBAR AT BoRIERE R 8 PR R R D R o {9
Fo ¥ Jdp D1(F1, 2008) > Ak fapE g OB R RAR Pl R R it A 5
EFETHE > BRBERE€ED B TE > FIPAZFHRNY 12 5%
BREL 0 AR E 3026090120 A48 0 F RS HA4-F 4-1 - B 4-2 o0 0 o
Wk iR AR RERIE K e B T E T B RS S X 5 R 40~50% > £ 2 A
2% enBERA R E 30 2480 D EB - BRBEL S5 523% 0 A& 30min 21
BREL ST E AT BT 2 R EE TS B @ LRk R AR
Fpk4ed > iR R THERREL = 59 15~35% > & u S%ERLAKE 30
Ao R B RREL XFE 305% o Ft o 2 SRR L ATk
EH 2% fpAoR A 30 A4k 0 @ Rk s A T AR iRE R 5% 2 ARtk

¥ 30 A 48§ KRR R

45



% (g reducing sugar’ g rice bran)

n T T
o 20 [21) 20 120

time (min}
Bl 4-1 Kjzt g BB RRELE S E2 FF (FRER S 100 T ¥

R 5 0.5 g BEfod e w(L/S) 5 10)

50
———— 1% HCI
— — = —  ZHCI
—— —k —— S HCI
41 4

% (Q reducing sugar’ g algae)

1] 30 60

g
B

time (min)
Bl 4-2 KRB EH 2 S BPE R SR RS S 82 B8 (F RERE 5 100 C >

HEER L 0.0 g BEfoF e (/S5 10)
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422 % ¥k fRTE AR 2 B

AR BRIF A P BT REE M BRI R 2 R RAEL 2
ER Rk S 3N R LR oF RS ERT AL 2 BREERS €
ol Fl AR HRAN T v B AR EF AR RBER > BB RBER
AR O R A TRAF AT R ORFAER 2 T - [FEROEEE KRR €A% 0 F
S i % Aol 4-3 1 0 kAR R T K R AR H 2% n B A AR
BEfe K & 30 min i (7K 2 B E IR RAEL & 5 5 52.3%448.7%°45.8% ~
14.8% o o BBk &% @it WAL L TEACTKIE A R T 95 g B RS
S SRR D AL KGRI AL 5% @R AL s AR PR Gt R
K 30min & 7K fE > A B ERR RES = 55 30.4% ~30.3% ~26.8% ~2.8% ©
d BB EF R AR TRl RS Rl T TR A BREL S S

Flot B F AT Rl KRR B R 2% 5% B RE 7k iR
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60
% XY Rice bran
= 50 A % EX&A Algae
)
2 &
=
173}
S 40
7 4
o
=
S
S 30 o [’ %
: S &
2 %% KX
£ %0 K]
S 0% <
2 20- o S
KX <X]
e 0% o
[ [
o KX KX
2 6% o
(X 152
S % K
S 10 A %0 o
' 0%
' 0%
e 0%
e %%
o " o 428
T T T T

N

Bl 43 2 e kst B Rt S B2 B8 (F BiEE 2100 °C; 12 #0.5g)
PATLAFEER G 2% REfHEL " ELS=105 1 EEHR 052 AT A

kR - 5% R feB 0 @ L/S=10; F &R 5 30 min)
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423 KRER 2B
AR HRAF AP F IR A (80 ~ 100+ 120°C) » 3¢ oK 2 T AL i

2R B9 120 CAMFRAFASF B30 nin T FFEE o 7%

L

B2 =
EEA4rB 44577 0 BAR S 80100120 CT » v AR ENRRES S E L5
2 174%~523%47% > & FE%EFV T & 100 C2 i B -Kfzf i 7 1

@I BB B AL A F @ BB A 5 80 100120 Cok iR ERS B 0 A b

I

ERR RS SR E 24.1%230.5% ~ 25.2% d Bk EET @i A 100 C2
BAK RS T @I LR R S A REESTRRTL 80

T2 RS 03 LHRATRER 2 d A FRT S HekE A T 120
T F R R R FERRARRA D 120 Co A% F KT TN § FROKE
Pk AT o R F A RE S 3R R F

Sk fRAE AR FAE R A 1000C A Mk e g e
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XX Rice bran

B Algae

XK KKK XXX XX XX >
R RRRRRRRRKS

L

RRSSIIIIISIRSIKS
KRRRLRLRRRIRIRLK

XXXXX?

XXX XIXRKKIR
SRR

0a%%%%

%

70

60

o
Te]

o
<

o
™

N

(serensqns Byrebns Buionpal B) o

T
o o ©
i

120 C

100 C

80 C

¢ M 2 fi

.

30 min; i

4
-

(5 Tsr i

20
A

R £

B44 2k FRERTHERE

10~ 1 %

L/S=

g

“e
AL

2% R fEfrH

- 4
"

)i

2 A

¥
-

K (0.5 g)

.
’

R

4
-

v @ L/S=10)

).
Ak

i

5% 2 %

%
"

kR

B2 A

(0.5¢g)%

P~
Y ed

3
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424 Pk fRIEAIR2 W R
AT Rl R E 5 T BT E S RAEER S L RS TR
B AFGEZ L RRR RN SR KRR EFE IS 0 AT U E R R

WA ERER FIAMAP S 553 BBTFL A LN

]

L A R R
2 FF i ATSRRE B foif kJLPE R fRAR R  FIO 50 7 PR B R R 5 AU
GRS NSRS ES SLEN & BE0Y S NIl NI E S BREE AP E
(Agbor VB et al;;2011) > § # i & 57 fg® = N ¥ e KX B E foh T &
T2 RS TR Rk R AR o A T ORRAERARS o ¥ D IPEREEE KRS

EF o R E IR RRTY -

425 F-kfR AR A e E AT T @R BB il RABE R 20
% 1% Fph K fRAREL(F], 2008) v B R EREL = F 5 355%; 1 * 1% A

-k 135 4 ¥ (P, Lenihan, etal,, 2010) .7 @ B AL + % & 2632% = » =
BT T B kA B 5 2% PR EREHE 5% LK R S 0 A bl
TETBRAES 2L 523%30.5% 0 T i RFL kHES A Y A s 2 ik

REE PR LA FRAE FLATREKLE LB OES -
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F 4-2 phokfEs

BB 2V i

Reducing
Heated time  Temperature
Substrate Dilute acid ‘ . sugar Reference
(min) (C)
(%, g/g)
Rice husk H,S04, 1% 60 121 35.5 £, 2008
. P, Lenihan,
Potato peeling  H3POy4, 5% 30 135 26.3
et al.,2010
Rice bran HCl, 2% 30 100 52.3 This study
Algae HCI, 5% 30 100 30.5 This study
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4.3 FHgd+ = F pE 7 % (flask experiment)
431 AT 255

AR BRAF R A PR H Rolutinis £ £ 2 R a2 B F 12 hr Bk
- FEREFACR 45 24 43 v o BABRBIEAMER pH ER - #
EERABER > T NEEPREPIES G AFER o & 12hr PFE I FMER
231l #FaER? pHET%H T 44 f14 B RAEER 5 239¢/1; 24 hr t5 19 3]
FHER 5 STgl sk pH BT % 3 340 Fle R RAEER 5 145¢/1;36hr
SED AR S 8Oyl E R pHE T E D 2.6 fRRBER 5 499/
48hr s @I MR 95/ iz pHiE 2 24 FIBRAEER 5 12¢/1
ﬁéﬁ(m%KwM@madJWM%E@i%%—R’%ﬁﬁﬂpHE%%ﬁ
APEER LA SSRET L 2 2+ o REPEFAME £ 8 WAy Bl
SR EEFTIRERFE 48 hr 2 ) > 27T % -

B IR SR P ORUR BBk R AR )RR 2R 4 BRI

%

fos

AEZRF 0348 [ BB E 2 60 Rolutinis 2 £ T 0 5 F F

BER 5 95¢g/1 2 &% F(productivity) & 1.98 g/l hr -
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14

—@— Biomass

30

~. — & — pH
N — -A —-  Reducing sugar
1 4 \% - 25
N _
I 10 A \ 20 3
= \ 3
3 8- N 3
n % - 15 g
c £
§ % ~\ 2
44 T — \
2 A \%\_\— = N
\,\*
O T T T T O
0 12 24 36 48
time (hr)
] 4-5 Timing course ¥f R.glutinis 2 & 2. 3258
% 4-3 7 IF % % P B ¥ Rolutinis 2 & 2 R0 a2 B
i Reducing Lipid
Time Biomass Final
(hout) @ H sugar content
our g p
(g/) (%o, wiw)
0 0 5.5 30
12 3.1+0.31 44 23.9+2.5 14.3+0.02
24 5.740.31 34 14.51+0.6 17.240.01
36 8.9+0.42 2.6 4.9+40.1 12.5
48 9.540.23 2.4 1.240.05 10.1
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432 * R Rz B E
AEXFHRFFNFFRR(T F - BH0 g~ ARk iER - F
MoK 3% ) ¥ Rolutinis # £ 2 R i rg 2 B o B % 4o B 4-6 & 4 4-4 47
TN AR RfERfeT FEL ARG B L AMER A NN 10312 94¢/1
B Foru i i 2 Rk fRR ok W SRR A ul 5 88l % 82g/
BAOE ABIRRESL 54 gl 2 AMER o d L% BT 0 B2 2R Rglutinis
HEEE B A BRI ) R E T A RS Tl T R - BT Y 2
R R R A e AR AN e o B W SRR R
M E R ik e 46% 0 kB 5 A (32.6%) s F FAEQS%) - A
(17.8%) ~ &k -k f2i% (10.7%) ~ F #F K f27%(7.6%) » 95 }F*J%:f;] 41 (Silvia Galafassiaet
al., 2012) > "Rz b P R A € M enp Fl i KRR Y 3 5 ¢ Bioigpe 0 o0 fadr
Fld 6 B R R A ol AR S T A e b SRR B ok
Fwd g KRR AR T FHIRE AR R 0 Flet 2 0 % g HBRRR e

FeH b BB &R & o
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30 50
Biomass

&3 pH *
25 * lipid content

r 40
T 201 * S
~ 30 T
= c
2 2
15 A * c
(2]
% 3]
= 20 ©
2 =3
M 10 A } N -
* - 10
5 - % >
L s g ln g B,
Glucose  Glycerol  Xylose crude lignocellulosic rice bran

glycerol hydrolysate hydrolysate

B 4-6 7 F akif % Rolutinis 4 £ 2 % ff b 5q 2 BB RE R 5 30 g/))

% 4-4 % R (30 g/)%F R.glutinis # & 2 & #5052 B B(RURE R S 30 g/l)

Carbon Biomass Final Lipid content

Source (g/D) pH (%, Wiw)
Glucose 9.4+40.2 2.1 25

Glycerol 5.910.5 2.1 32.61+0.2

Xylose 5.440.2 2.1 17.8+2.3
Crude glycerol 8.210.5 2.8 46.1
Lignocellulosichydrolysis 8.810.2 2.3 10.7
Rice branhydrolysis 10.3+0.1 38 76
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433 RRER 2B

AR B PR OTH R KRR B s BB MR e A e R R
2 B RAEGBO~ 60~ 90 ~ 120 g/)4+> Rglutinis # & 2 A4 2 48 - F 5%t %
hoB) 4-7 ~ F 4-5 07 o AR R RoEE R 30 g/l T AR B B A M 60 g/l -
90 g/l ~ 120 g/l vt fap » ¥ g RAh R R R 60 g/l ¥ (7353 HFE
Bicw i s 8 #1RaBE 95 30 g/l R4 pH K » ERERE 2%
FAr o A g FRRAER AAERARS o FHIEAR RIAPH I 2 g % 2 (Silvia
Galafassia et al.,2012)#p f » = 11%'3‘;1 T o3 % e g (Furural) 2 ¢ 4 (acetic acid) »
gFrplpEr AL P BRRH TR RBER G 30g] RIFL S HHRT HRZHF
Hooa R BB ERBERT 60 g/l v - F1% FEE K gl pH i

T j\gf—?g*}; %;;::3:51,;5;3 °
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20

=
(&)
1

Lipid content (%)
o

Biomass (g/l), Final pH,

=4 Residual reducing sugar

XY Biomass
EXXd pH
* lipid content

-

k3

%

[TTTTTTTTTTITTTTTITTHA

100
- 80 —~
3
3
(@]
>
- 60 2]
(o))
£
[S]
>
ki
- 40 =
[S]
>
=
(%]
Q
- 20 [0
0

30

60

90 120

Initial concentration of reducing sugar (g/l)

B 4-7 % A48 R ARk B ¥ Rolutinis 2 £ 2 7 i fg 2 B2

% 4-57 F A Frah KRR iR bRk B OH Rglutinis 2 £ 2 R g2 BN

Initial Residual
Lipid
concentration of Biomass Final reducing
duci (&) - content
reducing sugars sugar
gsug g p g (%. wiw)
g/ (g/)
30 8.840.2 2.3 231404 10.7+0.6
60 9.9+0.7 3.3 29.21+0.3 17.240.3
90 9.5+0.6 4.1 59.44+0.7 15.742.3
120 53104 5.0 78.9+6.8 13.0+2.4
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424 3§ RER2ZBP
AP SAFE A R AT 8 F R (Yeast extract)k & (0 g/140.5 g/1~1 g/1~2 g/l)
#3 Roglutinis 2 £ 2 34 #5 % ff 2 B8+ I‘H RSM & it ft 33 & AR R ¥ d4p )
F e A EAH(NHY)2S00)k & 5 2 g/l 185 % iRps > 7 3]0 %q ¢ R Ioifie* By &
AE A HH AT 1 5 1.4-1.5 % (Chanika Saengea et al.,2011) > @ # % * (C/N) ¢
PEEA P2 Ao Fl AT %R B RDER > FHRLEST R
4-8~ % 4-677n o MEFASAF W F RERBM OIS T 2g/0) FAMIER A Y
% 81+83+86~92¢g/l> g7 &4~ %55 10.6%10.0% -~ 11.5% ~11.2% > £ £
M2 %ol Vg 8 F SRR R D $T Raglutinis R e AR £ R

i) o At WE RAABZ A DL A2 (5P KT Fied xR
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E==4 Residual reducing sugar
Biomass
10 H Lipid content L 12
= - * %*
= L] 10
E & B % § % F
£z N \ X 2
i § & - \“‘-\\x Q \“:t £
£S \ \ \ o 2
GRS N X N a
5 4 b |
= N 8 N L2
& \ \ \
21 E PR :
\ﬁ ﬂ N
: H NH NH NH |,
1] 05 1.0 20

Initial ¥ east Extract (g/)

Bl 4-8 7 FAc4s3 15§ Uk A4 Rglutinis 2 & & R g o 58

# 4-6 7 A4 18 % RO R ¥ Rolutinis 2 £ & & 0 i i

Initial
Residual
concentration of Biomass Final Lipid content
reducing sugar
Yeast extract. (g/D) pH @/ (%, w/w)
g

(g/l)

0 8.1+0.1 2.3 2.0£0.3 10.6
0.5 8.3+0.3 23 1.3£0.2 10.0
1.0 8.610.2 24 1.3 11.5
2.0 92404 2.4 1.0+£0.2 11.2
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435 58 & B2 B 2K
B BRIFTR & BRI H)(0 ~ 1/6 ~ 1/3 ~ 2/3 ~ 1)+ R.glutinis <12 £ 27 %
Fb g W Y AT RRAK R > A 23 G e R R M
(Guochang Zhang et al.,2011) » F]p* f * & & o b % 2 g R 3 4c AW 7 R A
7 # (Chanika Saengea et al.,2011) » 1345 % }?k:}ﬂ Mod e PTG ME ~F
FRAD AL FREFIR 49 £ 4T 977 > EFATREE ey @
BA B S 06 1/352/30 1 FREERA B 5 8849.2-9.6+9.5+105g/ -
Pk z 24 % 5107 ~28~33.7~351~31 6%"‘&%‘11 deste o bk R B
HOo TR IR ARMR R fe R g 7 & ST il et 0 e
FiRpfee kR G L 10 PR A T SRR DA L
H7ig Fl x5 pHE =M ¢ P i A4 2 & 0 F adf e~ B A-SLHp
kY s A B RAEE R 30 g/l R Ade ik A 30 g/l 15 R 0 fdrd

pH enfiin™ » R { 3 2277 °

61



12 50
E=3 Residual reducing sugar _
EBE® Residual crude glycerol
10 Biomass
1 * Lipid content
== P - 40
==
22
g@ 8 1 r\g
=23 <
= 0 S - 30 —
(S =
wE2 g
noy 6 =
£5% 8
ETG | =
o = 20 2
Dg o 2
8>S 44 3
o
O =
=N
na
4
@ - 10
2 -
0 0

Ratio (crude glycerol / lignocellulosic hydrolysis)
B 4-9% R &Ry Bl ROlutinisend & 2 R A g2l B (RERURER &

30 g/l)

% 47 3 R R £ RCR YV BIEE Rglutinis g0 £ 2 R A g 2 R F(GRE BURE R S

30 g/l
Residual Residual
Lipid
_ Biomass Final reducing crude
Ratio @ H l i content
sugar cero
g p g gly (%, Wiw)
(/) (g
0 8.8+0.2 2.3 23104 0 10.7£0.6
1/6 9.2+0.1 24 0.8 1.0£0.2 28.0£7.0
1/3 9.6%0.3 2.4 1.240.1 47+1.5 33.716.4
2/3 9.5+0.8 2.5 1.1£0.3 7.210.3 35.1+11.4
1 10.5+0.2 24 1.1 10.0+0.3 31.614.8
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4.4 P S AR
441 BIENFBERHP LR

BN H A A RS RS EE Y e TR
B R e RIEE S RINE A g M R AR LY 395 R R
fr g FF@a4 3P 5 IWENFREA LR PR S p A Y
PR BB ESF B A

dHLF R T AT P ok 2 SRR BORAEE R & 60 g/l 1 & BF oK
feip A endr gt T AMA L 2 Frl e o) o FM A S B EE 0 Fl o AT HRE
gk B RBIER B 60 g/l T AN E A Y o T Rglutinis
AEEAfH R F Lo d PR I0B 410> & 48 17 0 Bk FMIER S
202g/1> AfEE < 4 Lid F =AMk AR/ FEFT)E 0.13 g/l/hr T334 5 3 B (=
W B/ FAMER)E 23.542.4% 0 Bt @t Ad (=R R R/ IEPER) S
0.03 gllhr » 38 g A S (=2 F b fqdk R/ 4R R ERE) L 008 o g
(Zhiyonh,2011) 72 i § 4k & 60 g/l 5 ik - #7i8 chd + Gtk B 29.8 g/l - b #y
AF L0254~ £ 3 F a0 Fl & ¥4l 4 ¥R pE (furural) &2 ¢ f&(acetic acid) € #r+4]
Mg N BRARAFRHM S BTG FERYE FIAAR Y SRS AR TR

)
=

JFls

4

[

o
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60 & _ _ 30
— 8 — Residuel reducing sugar
\ —e— Biomass
50 4 B & Lipid content A L o5
N -a A
S 401 A\ pemve F20 o
So Nar =
n £ - 9
@S 307 - 15 E
£D ~ 3]
o \ j=)
mn g 2
3 20 a -10 3
)
2
10 -5
e
O T T T T T T T T O
0 12 24 36 48 60 72 84 96 108 120 132 144 156
time (hour)
B 4-10 4 ‘a&-Kf27% a0z fF v: T 0 Roglutinis g0 £ 2. 0t
F 4-8 B -k fER iyt {g T Roglutinis end £ 2 RS rg 2 B 5
Max. Average .
Max. o Max. total ~ L Max lipid
' growth lipid o Yield o
Carbon source  biomass lipids productivity
rate content (g/g)
(g/) (g (g/l/hr)
(g/V/hr) (%, w/w)
Lignocellolusic
hydrolysate 20.2 0.13 23.54+2.4 4.7 0.08 0.03
(60 g/1)

"Lipid produced per straw hydrolysate consumed
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442 FRAFHBHP
4421 2 R FE2ZHBE

BEERE N FH ORI ESEEEALN VS FANER 2R
HIFFA R F B4 Rolutinis 2 £ 2 3 g A2 BE SRS BE T
P AR F RN FER P AEES TR A I PRt RELRE
kiR BRBERZO60 gl B g EL lvvm 2 vwm T 0 B %I AHMER
ERTTE FREF B 411 B 41222 4997l § £ 5 1 vwme2 vwm
T H T iag i g B4 H 5 26.1%348% 5 B < FRER A W 5 11 g/l 212
g/l s Bk g Ak w5 0.02 - 0.07 g/l/hr e
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#4972 i 5 & af

/gg‘fs
w

B3V AR 4 Ruglutinis end £ 22 g 7q 2 B

Max. Average
Max. Max. total . Max. lipid
Aeration growth lipid Yield
biomass lipids productivity
(vvm) rate content (g/g)
(g/D) (g/D) (g/l/hr)
(g/l/hr) (%, w/w)

1 11 0.08 26.1+1.7 2.9 0.13 0.02
2 21.2 0.22 34.84+1.0 7.4 0.13 0.07

"Lipid produced per straw hydrolysate consumed
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Max. Average
Carbon Max. Max. total . Max. lipid
. . growth lipid h 4 Yield o
source mixture biomass lipids productivity
de ol | @ rate content @ (g/g) (/o)
crude glycero g g g/l/hr
(g/l/hr) (%, wiw)
lignocellulosic
21.6 0.23 51.5+£2.1 IT.1 0.21 0.12
hydrolysate
Rice bran
22.0 0.23 42.5+£2.3 9.4 0.16 0.10
hydrolysate
Algae
20.6 0.21 42.3+2.3 8.7 0.18 0.09
hydrolysate

"Lipid produced per straw hydrolysate consumed
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2411 95k B4 8 S0t i

Max. Average Max.
Max.

Fermentation Strategy  hiomass

€4y

growth lipid total
rate content lipids

(g/lV/hr) (%, wiw) (g/h)

Yield

*

(g/2)

Max. lipid
productivity
(g/l/hr)

Agitation
fermenter-lignocellulosic ~ 20.2 0.13 23.5+2.4 4.7
hydrolysate (60 g/1)

0.08

0.03

Airlift- lignocellulosic
hydrolysate 11 0.08 26.1%1.7 29
(1 vvm, 60 g/1)

0.13

0.02

Airlift- lignocellulosic
hydrolysate 21.2 0.22  34.8+%1.0 7.4
(2 vvm, 60 g/1)

0.13

0.07

Airlift- lignocellulosic

hydrolysate and crude
21.6 0.23  51.542.1 11.1
glycerol

(2 vvm, 60 g/1)

0.21

0.12

Airlift- Rice bran

hydrolysate and crude
22.0 023 425423 9.4
glycerol

(2 vvm, 60 g/1)

0.16

0.10

Airlift- Algae

hydrolysate and crude
20.6 021 423423 8.7
glycerol

(2 vvm, 60 g/1)

0.18

0.09

"Lipid produced per straw hydrolysate consumed

74



# 4-12Rhodotorula glutinis &7 fr <= A2 g T o #p 7 £ (1)

Microorganisms

Biomass Lipid content

Carbon source
(€4)) (%0, wWiw)

Reference

Rhodotorula

Wheat straw acid

. 13.8 25.0 Yu, et al. (2011)
glutinis hydrolysate
Rhodotorula Monosodium glutamate Xue, et al.
- 25.0 22.0
glutinis wastewater (2008)
Rhodotorula Yi Xian Liu.
. Crude glycerol 25.4 50.2
glutinis (2014)
Lignocellulosic enzymatic
Rhodotorula :
. hydrolysate and crude 21.6 51.5 This study
glutinis
glycerol
Rice bran enzymatic
Rhodotorula L
il hyhrolysate and crude 22.0 42.5 This study
glutinis
glycerol
Algae enzymatic
Rhodotorula .
hydrolysate and crude 20.6 42.3 This study

glutinis

glycerol
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# 4-13Rhodotorula glutinis &7 <= A2 g T cd #p 7 £ e (1)

lipid
. ) Total ..
Microorganisms Carbon source o productivity Reference
lipids (g/1)
(g/l/hr)
Rhodotorula Wheat straw acid
. 3.5 0.02 Yu, et al. (2011)
glutinis hydrolysate
Rhodotorula Monosodium glutamate 50 0.04 Xue, et al.
glutinis wastewater . ' (2008)
Rhodotorula Yi Xian Liu.
. Crude glycerol 12.8 0.11
glutinis (2014)
Lignocellulosic
Rhodotorula ; .
lutinis enzymatic hydrolysate 11.1 0.12 This study
utini
9 and crude glycerol
Rice bran enzymatic
Rhodotorula .
- hyhrolysate and crude 9.4 0.10 This study
glutinis
glycerol
Algae enzymatic
Rhodotorula § - .
o hydrolysate and crude 8.7 0.09 This study
glutinis
glycerol
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L0414 L AEA W HCE B R B IR R 2 BURT b g 5 B (T

. i Biomass Lipid content
Microorganisms Carbon source Reference
(gD (%o, w/w)
Mortierella ) _ Economou, et al.
i ) Rice hull acid hydrolysate 5.6 64.3
isabellina (2011)
Trichosporon Rice straw acid 28,6 101 Chao Husang, et
fermentans hydrolysate ' ' al. (2009)
Trichosporon Corn stover enzymatic e 390 Huang X., et al.
cutaeum hydrolysate ' ' (2011)
Yarrowia ; Papanikolaou et
) . Industrial fat 8.7 44.0
lipolytica al. (2001)
Mortierella Fakas, et al.
) . Glycerol 6.2 53.2
isabellina (2009)
Lipomyces Angerbauer, et
) Sewage sludge 9.4 68.0
starkeyi al. (2008)
Mucor sp. : Ahmed, et al.
Tapioca starch 28.0 17.8
RRLOO1 (2006)
Trichosporon ] Xue-Fang Chen,
Corncob acid hydrolysate 22.9 359
cutaneum et al. (2013)
Lignocellulosic enzymatic
Rhodotorula . = .
B hydrolysate and crude 21.6 51.5 This study
glutinis
glycerol
Rice bran enzymatic
Rhodotorula :
. hyhrolysate and crude 22.0 42.5 This study
glutinis
glycerol
Algae enzymatic
Rhodotorula - 2 )
. hydrolysate and crude 20.6 423 This study
glutinis
glycerol
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20415 L AEA W HCE B Bt B IR R 2 BURT b iy 5 B R (TV)

lipid
. . Total ..
Microorganisms Carbon source o productivity Reference
lipids (g/1)
(g/1/hr)
Mortierella Rice hull acid 16 0.01 Economou, et al.
isabellina hydrolysate ' ' (2011)
Trichosporon Rice straw acid 15 0.07 Chao Husang, et
fermentans hydrolysate ' ' al. (2009)
Trichosporon Corn stover enzymatic 76 iy Huang X., et al.
cutaeum hydrolysate [ ' (2011)
Yarrowia ; Papanikolaou et
) . Industrial fat 38 0.04
lipolytica al. (2001)
Mortierella Fakas, et al.
. . Glycerol 3.3 0.01
isabellina (2009)
Lipomyces Angerbauer, et
] Sewage sludge 6.4 0.03
starkeyi al. (2008)
Mucor sp. [ Ahmed, et al.
Tapioca starch 5.0 0.03
RRLOO1 (20006)
Trichosporon ] Xue-Fang Chen,
Corncob acid hydrolysate 10.4 0.09
cutaneum etal. (2013)
Lignocellulosic
Rhodotorula s , :
. enzymatic hydrolysate 11.1 0.12 This study
glutinis
and crude glycerol
Rice bran enzymatic
Rhodotorula Y )
. hyhrolysate and crude 9.4 0.10 This study
glutinis
glycerol
Algae enzymatic
Rhodotorula g 2 )
. hydrolysate and crude 8.7 0.09 This study
glutinis
glycerol
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Atk B KRR AR RS S B

Heated bath 1% HCI (%, g/g) 2% HCI (%, g/g) 5% HCI (%, g/g)
Time (min)  Rice bran Algae Rice bran Algae Rice bran Algae
30 43.1+42.9 12.745.9  523+2.1 225419 502434 30.5+6.9
60 37.249.8 192457 559422 255463 448435 27.4449
90 50.1+£11.2 13.6+1.4 569420 19.0+1.7 504419 244448
120 59.1409 28.846.7 582+1.3 34.1+6.7 509444 347482
%l pK R KRR TR R AR S 2
@ px(HCI) A A (HNO3)  Aifi(HSO4)  Fafik (H3PO,)
(%, g/2) (%, g/g) (%, g/g) (%, g/g)
Rice bran 52.3+2.1 48.7£1.9 45.812.7 14.8+1.0
Algae 30.4+2.9 30.3+3.3 26.8+1.4 2.8+0.5
F IR il R TR R ST R AR 2 A 2 B
80 C 100 °C 120 C
(%, g/2) (%, g/g) (%, g/g)
Rice bran 17.4+0.7 523+2.1 47.0%£12.5
Algae 24.1+2.3 30.5+3.0 25.1+£1.76
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Y ¥e

- =

4 5 40% 3 FALUR(30 g/l % R. glutinis #7118 3

2 f-+* B§ *

Carbon source

3 -carotene (mg/g)

Glucose 2.2240.02

Crude glycerol 0.96
Xylose 0.54+0.15
Lignocellulosic hydrolysate 2.7440.03
Rice bran 2.3310.2

TG BRI (PR ) RS E RN B AR B E R

glutinis “7# 3|2 B-+* B F &

Fermenter Aeration (vvm) 3 -carotene (mg/g)

Agitation 1 2.240.12
Airlift 1 1.0240.08
Airlift 2 0.43+0.16

T4 AR KRR e F AR & Roglutinis »1 @ 52 B-+ B 3§

y

Carbon source

8 -carotene (mg/g)

Lignocellulosic hydrolysate 0.841+0.08
Rice bran hydrolysate 1.7610.11
Algae hydrolysate 1.001+0.08
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