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Abstract

Rhodotorula glutinis (BCRC 22360) is an oleaginous yeast that can accumulate
high content of total lipid, which is suitable as a microbial oil producer for the
production of oil feedstock converted to biodiesel. With oil price increasing, a large of
crude glycerol accumulates as biodiesel productivity rising. Although the prices of
waste crude glycerol was too low, waste crude glycerol refined to purify it by
complicate and costly process. To find out a new usage of crude glycerol has become
an important issue for global research. In Taiwan, 1.66 billion tons of freshwater are
consumed annually in industry that faced with greater the risk of water shortages.
However, Taiwan is an island state which have rich marine resources. Maybe the
problem of limited freshwater resources can be solved by using seawater to cultivate
R. glutinis. In this study, the effects of fermentation strategy on cell growth and lipid
production in bioreactor by using crude glycerol as carbon source and seawater were

investigated.

The effects of medium ingredients and environmental cultivation conditions on
the growth of cell and the content of lipid in the shaker flask experiments. First, it was
found that, the experiments by using seawater can lead to biomass of 5.73 g/L and
lipid content 29.17 %. Preliminary result shows R. glutinis can grow in the
environment of seawater ; The experiments by two stage control cause the reduction
on biomass concentration but can improved by 1.61 times in lipid content, infer that in

order to adapt low temperature cause lipid rapid accumulation. The experiments by



adding palm oil and waste cooking oil are found to 3% of the appropriate addition ; By
reduce sterilization temperature in order to lower the cost. Non-sterile can’t avoid
contamination. But at 80°C sterilization, we can get the biomass of 7.06 g/L and total
lipid of 2.23 g/L. From the results, 80°C sterilization can effective avoid contamination

same as normal sterilization process (121°C).

Three parts were discussed in the trial of scale up experiment, including (1) In a
5L airlift bioreactor, the effects of environmental cultivation conditions on the total
lipid production were evaluated by changing proportion of seawater. It was found that
the addition of fifty percent seawater can lead to biomass of 18.4 g/L and the max
total lipid of 6.84 g/L which is almost the same as the freshwater medium. (2)
Production cost and growth of cell adding waste cooking oil is better than palm oil.
The experiment of adding 3 % waste cooking oil was discussed that scaled up by
using the 5 L stirred tank reactor and 5 L airlift. It was found that adding waste
cooking oil can promote the growth of cell significantly, which could obtain 25.8 g/L
of biomass and 50.61 % of lipid content by using 5 L stirred tank reactor. While
getting 22.3 g/L of biomass and 37.54 % of lipid content by using 5 L airlift.

Comparing the two reactors, 5 L stirred tank reactor was better than another one.

Keywords: Rhodotorula glutinis ~ seawater ~ crude glycerol ~ waste cooking oil
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FLRB* A AR W E E4 > 4o 13- = p(Hiremath et al, 2011) > 4 & fi%
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Feedstock Rapeseed Canola Soybean Crambe
Calcium (ppm) 24 19.7 11.0 163.3
Potassium (ppm) BDL BDL BDL 216.7
Magnesium (ppm) 4.0 54 6.8 126.7
Phosphrous (ppm) 65.0 58.7 53.0 136.7
Sulfur (ppm) 21.0 14.0 BDL 128.0
Sodium (%wt) 1.06 1.07 1.20 1.10
Carbon (%owt) 25.3 26.3 26.0 24.0
Nitrogen (%owt) 0.05 0.05 0.04 0.06

*BDL : £ o MONER] A 4T 2 2 GAp iR IUE o
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# 2-2 Oil content of some microorganisms (Meng et al, 2009)

Microorganisms Oil Microorganisms Qil
content content
(% dry wt) (% drywt)
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

# 2-3 Lipid composition of some microorganisms (Meng et al, 2009)

Microorganisms Lipid composition (w/total lipid)

C16:.0 Ci6:1 C18:0 C18:1 C182 (183
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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11



MITOCHONDRION

CYTOSOL o
glycolysis (2
uv vate
e COL+ATP Lo
CO, h
ADP+Pi
‘transhydrogenase l
3 oxaloacetate 4
p: NADH
2
i v
malate NAD" acetyl-CoA
NADP"
NADPH
acetyl-CoA QfG citrate ‘ citrate 4—— 3
'citrate/malate
oxaloacetate 7 oxaloacetate
LIPID 5 cycle' 5 T
BIOSYNTHESIS malate P malate —=

Bl 2-1 1% ¥gps & 3175 % Bl (Ratledge, 2004)

ENDOPLASMIC RETICULUM 16:0 — glongases and desaturases —» L CPUFA

CYTOSOL

glycolysis — glucose

( CcMT ) MITOCHONDRIAL MEMBRANE

-
malate MITOCHONDRIAL MATRIX

TCA cycle

Bl 2-2 g ispcan ko ff 1840 (Ratledge, 2004)

12



Glucose

Fructose-1,6-diphosphate

Co, %‘ /\
3 > Pl'P(< 1 » 7@ », ‘ }  ——
Oxaloacctanle-. 'L’ -.- LCAP<—DIIAI
NADPH NADP
. . 1 Pyruyate @————\alulc
Glsaie~_36T = ME Gur2| |Grpi DHAPAT(Yeast)
TCA cycle € Acenyl-CoA
Malate ACC * '
~Citrate ‘ G3p 1-Acyl DHAP
—DRccinate Malonyl-CoA
MAT Acyl-CoA
GPAal DHAP Reductase
MalonvIl-ACP / CoA (Y east)
FAS
IAG '
FI")’ IC.\"'-\(‘P synthesis [EER
A
#F M Aeyl-CoA
FFA ) LPAL
Fatty acid synthesis CoA ¥
DP-DAC Sv
Phospholipids @——CDP-DAG--2F-DAG Synthase o4
Phospholipasc
X |par
Pi v
Phospholipids o AG
Acyl-CoA DGAT
) WS/DGAT(Bacteria)
CoA PDAT(Y cast)
Glyeeral
\/ (TGLITGLY)
TAG - Ll B BN
WFE!l POXI-6
Acetvl-CoA - -+ -+ Acyl-CoA

B 2-3 fpapafe TAG £ 4+ & = i j2(Liang and

13

I AG catabolism

Jiang, 2013)



2.7 # -k

BIR B G 2Re29% 0 @ AT B T1% 0 B ¢ 2Rk TR
AEeka E 7 97% e SR G TRE o e d ANk R A LB RS R R £
FOa Rk § R IEF P G KR FORTA S AT g skt AR R

- EALHC R EARATRE N AL -

CARFMARMEREE AE G 24 HY 114 (F 4 4 A

AT~ 4 s LSRR B E ) bk RS TR 9998% B 5 B H

Poan e oL fiGh kY P60 SR EL T o R EA ST R R Rk ok

24 b S EEAE L F B P EAE WA PTR L EA SN

®EE A Ak o AR dp o U & -ksp & Rhodotorula glutinis ¥ 14 2 4
e By 24 £ > 74 129/Lf070mg/L 32 T 16 g/L fc 86

mg/L(Bhosale and Gadre, 2001) -

14



# 2-4  Average concentrations of the major ions in seawater(Morris and Riley,

1966)

ion %o by weight
Chloride, CI 18.980
Sulphate, SO4* 2.649
Bicarbonate, *HCOs" 0.140
Bromide, Br 0.065
Borate, H,BO3 0.026
Fluoride, F 0.001
Sodium, Na* 10.556
Magnesium, Mg?* 1.272
Calcium, Ca** 0.400
Potassium, K* 0.380
Strontium, Sr** 0.013
Overall total salinity 34.482

15



28 BB

WS (Palmoil)k p i st oz & ¢ BB kv 4 & RREZEM B |
WovhARF2EN, AANY EN B Rk T FRRGLER - HARE
BAB KRG Lo AL G TEXIA R BN A AR A BRERSPRITR A
b2k A E80% M o HIFED hEAL P R A (FHRT FL X FER)
NEAfeR S o d &P RS ke 4z 70 (Palmoil) » d & 4% = B
% s fiiiz 37 = (12)7¢ (Palm Kernel oil) o & f&id chat & % 2 4pfe > $3 470 1 & 3
H 1P FE(C 16)frid e (C 18) A b ¥ i cig vppe » H &xfofz & 4 5 50 %; 4 17 =

A8 5 G HMCL) Baefrir R 80% N cAa kR FFF BT E
FIpL B S BOE 0 B A A ¢ 35 43% ke foiy AR ~ 43%E R A Ao iy ik e 13%

G A A forg st 0 5 3 R had & Kiod # < % (OBrien, 2009)

AN Z KRR AN e IR KT A o RIS SET 7
o B B ers A RIR 1E 4 T A L St (RBD palm oil stearin) 2 # 5 A 3
(RBD palm stearin) > @ # & = & & 2.3 Bc0% 02 2 ik 7 £ 07 I+ (Cukalovic

et al, 2013) -
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20BN B

-
|=

BRAY B AV FRCZERFOWEIRE Mg R kEERE AL B2

B85 . S
- A

@
,‘.m\

FAB BRI §F R RTIA AL ka A2 {4 ehd

Qll

G

B

=N

EEB L 2 X% >R 4E(Hussain et al, 2016) -

\:

0!

PR AT B EARNTI8EHEHITL A TR AR L EALE
EHHUSEZILRT  JTREATLAFTENY - B3R mFAL S
FomFEA D PR RREFEE RV ENIL A Y RS BEGRE Y G A0
PEY g Ape(FFA) » &2 B der - g AR g 2 TP 0 F 5 B gl i p

%D R

doipd R AR EE RS 5 Rk B RS F
B it s A&p#\a#ﬁfﬁii‘e‘%‘r’mﬁ,é]ﬁ B R g S g R EA e 4 o
R SR %ﬁﬂ ek ”‘4\11% &% jd 37 7 Yarrowia lipolytica %4k & » £ @ #-

B & od g L 4 oo F ey e ac(Bial et al, 2011) o
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210 FpE R
2.10.1 3+ = g R %

F R B AR LR LRI E LA BRP

wr ARUER G E R B MA PR

n\'ﬁ

Ao APTHEEL LR
FRARPFRE LRI T AP IR e FIZHA RIS L1 T
BRI AF 2R R Ul ¥ APIRETRBE > HAAE TR LS

AR R BHE T A3 > HWHETAY  MRICBRZER o
2.10.2 418 pE Kok

45 px (fed-batch) Lk fod 0 pi ALY - WS H S 4o 55 % Jher
o R - BANPIERYNFHOEREE S N - GP AL RAY RO
RS R B KA AEMEE REY BT R AP ER - 5 AR PER &
KR RS 8N EF S s R R SR L (e £ &

TV A N A T B S L R g R F B

53
2103 % BN & Rk

BB A R B E - R e 2 £ 3 (Growth phase)p o & i im e o
LSt STkt o dein R pH B R C FRRE 0 ¢ X IRl T
Bl BB RAA K 2080 WRE B2 FFE % sk £ 4 99 (Production
phase) » 1% 4L & re 4 7 Sl domE L BT VR B RPE R

Hed b "y 7 £ (Lorenz et al, 2017) -
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Fzd MM

31 RERMH
311 REEE* Fh

A =T ¥ STk Rhodotorula glutinis » B p 4 4= FiR i3 2 A2 5 ¢
( Bioresource Collection and Research Center ) » Ff&4% %t : BCRC 22360 - § ‘= fif
A F2 - 0w BRA R 8 RS e 3 R PR RE R 2 o

4o 3-1 #77 o

B 3-1 Rhodotorula glutinis # agar plate + 2 ¢} g

19



312 H%ZE%

ie ot vt i

R Glucose ROQUETTE
i YO R B Crude glycerol A ELG RN
H e Glycerol SHOWA

YM BROTH Yeast Malt Broth ST BIO

e X B 4n Yeast extract DIFCO BD
i Ammonium sulfate SHOWA

Fr il 4% Magnesium sulfate heptahydrate SHOWA
AL & 49 Potassium dihydrogen phosphate SHOWA

& 4T Calcium dichloride dehydrate B g pE
F -4 Sodium chloride SHOWA

L] Hydrochloric acid AENCORE

Fr e Sulfuric acid Scharlau

aF iv4 Sodium hydroxide SHOWA

i Methanol ECHO

20



% F Chloroform Seedchem

i BT e | Tween80 BBI

AR Palm oil U WA LN
B Soybean salad oil e HE

z Acetonitrile ECHO

L fet fin Ethyl acetate ECHO

2 Propan-2-ol ECHO

e n-Hexane ECHO

BRar Waste cooking oil H R P 3] AR

313 RE=mAK

AR B A KBNS ARk 0 BB R K A 930 2 830 mmol/kg B 0 B A K

75 732 % 35psu - i ] UK R g R S ) T B e S % o
314 REBHE N

AP SHAED G B RIRL S B B B BBhiE e 0 0

Felod 5 B 5Pt 6-8% - b it 25-36 % ~ A "o ik 3-5% ~ I i ik 52-65%  i°

4k 0.4-0.1% - L ek 2.0-30% 0 A G fek 0 X BW Y ¥ 5

3

]

Sy e 4 o

21



32 AHRE

132 FHKREBHE

REXA R % 350

T+ & Precisa BJ 100M
B R E CORNING PC-420D
pH 3+ INSPECTED PL-700PV
BREFFFAL TRIDENT EA635

£ FHE TS HIGH TEN 3BH-24
ERRIRZH LIAN SHEN LUS-150
BREFAAL TRIDENT EA635
A2 s RODA

PP 1 Biotop

5oyt N kgt Biotop

50 o § 82N p Biotop

% TR 4P & 47 &% UV detector  Hitachi L-2400

® »k AP & 47 & RI detector Hitachi RI1 5450

% PR AR & 47 kR Pump Hitachi L-2130/ 5110

22



% R 4R & 47 &k Auto Sampler

Gt UK A FE G

BT A % KR

@Y

<k

g
E
Y
%:
(:
&

TS 17

2 ST )

Air compressors

Vacuums pump

2% kBT RRR

# SR &

Hitachi

IR 35

Thermo

Hettich

HSIANTAI

YSI

PAN CHUM

SWAN

EDWARS

MISONIX

LIAN SHEN

DECTA

SHIN KWANG

Thermo

Salinity refractometer

Vapor Pressure
Osmometer

L-2200/ 5210

DENVER INSTRUMENT

GENESYS 10UV

Universal-32R

CN-2200

2300STAT

CT-series

DR Series

RV Rotary Vane Pumps

S-3000

LO-150

DC300H

DC-1S

Focus GC

ATAGO

Wescor model 5600

23



33 &3k
331 FMER A &

B3 5ml Fik o wigid 7000 rpm T 3o 10 min o 2 4r‘ FiRPERM £
e x EMIRO k> 534 AT B AME ROk LRI RTL LUk
AT T A 4 “éfi R BN TR R I AUk e 28 R RIE

A

7% 52 £ (Dry cell weight) -
332 BEFERAY 2

FEB- 4 R Gk S M B0 mg o 4o ~ P AR/ & B (L2)i3R Eml iR E B R
REIDS > DAY AR (B F 5 (T B 2min) > R EE
B~ lhro £ gd g i 7000 rpm 4Es 10 min o fc 1t & EBop e o
2 4Fr R MATHPeF L wr L 4 3l T BIE GRARERILES 0 K
fo#riry IRt 4R ¥ e 60 C e 48hro d dEr w2 £ L1677
R I RIE TR SR T RRE T g
£ L g £(%, wiw o Lipid content) » #-7q B ez £ 3k b Ak & (9L

Biomass) » ¥ 3+ 5 ) 45 B ek & (0/L - Total lipid)

24



333 HB A

P~ 10 ml 3 p¥i o 2 g i# 7000 rpm #ges 10 min > B iR O f ﬁrﬁ 10 » 12

045 um 4§ ik BB o

41 * HPLC( Hitachi RI detector 5450, Hitachi pump 5110, Hitachi Auto Sampler
5210, Hitachi High-Technology Corporation, Japan) 4 47+ i k& > A 471k i* @ ¢
11 C18 (Vercopak N50DS, 250 mm x4.6 mm, Taiwan) » # #-4p % 0.01 N H2SO4 >

ik 0.4mbUL/min s 288 50 pL o
334 BRALE

B 5ml Fig o fdgiE 7000 rpm T s 10 min s B U @R

(Master-BX/S28M, ATAGO) & Rl # & -
335 BERLHT

ReF E o s g ¢ oo o g 7000 rpm T g 10 min o A g A

fot ik o B2 FiR ts 0 41 Vapor Pressure Osmometer (Wescor model 5600):7] £

#\E”E‘Fé] ?ﬁzﬁfiﬂ\’écﬁfﬁxﬁ}z\—L_@éﬁfpkfk,” 700rpm¢};a‘. r]"ﬁ/w\

Yris o &7 GC A 47 o ALB-50mMg et = T fp (f 5 MR T P T 5

s
fon

ml> kR 5 10 mg/ml o s f=24 Frse i $ A 50mg 4 » - = ¥ fq iR & 1ml>
el ﬁfﬁi}‘-/‘*/’l‘ ﬁ’xn ﬁq,ﬂ’ff,g”i 1 /,LI A~ GC & 47 %*%’?’fﬂ.’_f; Column
InertCap FFAP(L.D. 0.25mm, Length 30m, df 0.25 xm) ; & tr4=4~8 & : 150°C - 30

s % - 2B X 110C/min & 180C s % - =x 2w & :1.5C/min & 198C ;

25



B SRR B4 A 198°C > 3mine W p| ® 5 flame ionization detector (FID) » i3 &4

g PR R A B 5 250 82 280°C o 1T A 253 iy e Y iy (FAME) 7 £

227 An CoVa o0,
A m

YA :C16 5 CI83 iy ippe ® g™t A2 & AR E
AEl: p gL = R ? fig 2 L 6 ff S

CEl : p 54 - = 2=2pe @ fy 2k A& (mg/ml) ;

VEI @ p 4 L = S22 7 g2 884 (ml) ;

m % & i =2 7 £ (mg)

26



34 Rk
341 RiFAEFF

¥ p Ffa? 7 Rhodotorula glutinis 24 s 2% ¢ > %3 YM BROTH
(Yeast Malt Broth) ;7 fiss % A5 1 » F2ar fFiB s % 45° 12 24C % 72hr > B

0.8ml Fizfr0.2ml & F4 i e B s § P 353 R EL > 2 r 4CAHEFRG -
342 RAAE=
3421 3+ % % (Seed culture medium,SM)

% 3-3 A+ A A2 pipe® > i Yeast Malt Broth (YM BROTH) » &

7 INHCI 3 # pH & 5 55

%33 fFEAA

Compounds Concentration (g/L)
Yeast extract 3.0

Malt extract 3.0

Peptone 5.0

Dextrose 10.0

27



3.4.2.2 ¥y F pE3e £ & (Fermentation medium, FM)
x4 34 FrEr gz vl 2 INHCIAE pH E 5 55-

234 FEEREA

Compounds Concentration(g/L)
Crude glycerol 60.0

Yeast extract 2.0

(NH4)2S04 2.0

KH2PO4 1.0

MgSOy + 7H,0 0.5

CaCl; 0.1

343 BH

#-32 % 24 hr 2_ Seed medium # 3 Fermentation medium # » 355 ~5 L airlift -
5 L stirred tank 84 2_ 4% | = Fermentation medium 109% 2 %84 » 50 L airlift 3%

& 2 ¥ £ 5 Fermentation medium 1%z %8 4% -

28



35 FHEIHE

Culture medium

Rhodotorula
glutinis

Environmental
conditions

Additive effect

29

Adding percentage

Nutritive salts
removed

Sterilization

80C

Temperature -
two stage

Palm oil

Waste cooking oil




36 PmEkiEe
3.6.1 gy FpisA (Flask Experiments)
3611 #BA-kIERERZEYP
SRR A R A R A R T AR

1. R.glutinis 4> 50 mI SM 32 % A > »t#&# 150 rpm ~ & 24CH % 8¢ >

2 % 48 hr -

2. A H|ILH et A -k (100% ~ 75% ~ 50% ~ 25% ~ 0%) » i ik fR A 3-4 fedl

50ml# % A&
3. MI0%EFHERESMIET 2B KY o
4, g 150rpm -~ B R 24CH %4 > B % 48hre
3612 HFHFAABERWAKBETLHEE

B fln sk e i AR R AR AN R T AL BT

=

R. glutinis 448> 50 mI SM # % A& > *t & 150 rpm ~ B & 24CH % 47 >

¥ 4% 48 hro
2. MABRITLRA S T kRA 34 Al 50ml R K-
3. i F#E A A 5l A (Non-sterilized ~ 60°C ~ 80°C ¢ 1217C)
4. 110 %EFEMSMET iz KA -

5. v 150rpm~ B R 24CE £ 47 » 2% 48hro

30



>
NS

3613 fI* A-kEHBuRAAY RPPHFLLILRF

PR R ALY BB RAH

2

1.

=

R N

p%ﬂq’?’ﬁ'!,fﬁ f’%_rgo

R. glutinis #&4&** 50 mI SM 3 % A& > >t & 150 rpm ~ F

¥ % 48hr-

MRoR T G A A 0 Fig & 3-4 ¢ a3 Crude glycerol -

extract fie @ 50 ml £ % & -
10 %EFAEHR-SMET FiE2 B AR o

gk 150 rpm -~ B R 24CE £ 4° 4% 48hro

3614 i B KBETLHY

@ﬁ}k%ﬁﬁﬂﬁiﬂ$

BAdRd 2 PIRAR T iR S EMA £ 2 TR
R. gutinis 48+t 50 mI SM # % A > »t#&:# 150 rpm ~
¥ & 48hr -

A }\n//‘gw kPR A 3'4ﬁ5§ 50m|i—3%‘% A

7 kR P (05%~ 1% - 3%~ 5%) -
©10 % RS- SM T bz A AR o

R R 24Cr A 47 o i 150 rpm 0 12 & 48 hr o

31

RRECE S N

i T T

B 24Cr A7

I

(NH4)2S04 22 Yeast

$%7 fgﬁo

BRE2ACEEHY

s} /’T 4



I 43 FERERET B LBF
PedFsd 2 PERAT BRI D HAMEZ L Z T AF2 L -

1. R.gutinis #&4&* 50 mlI SM 32 % A& > »* & 150rpm ~ F & 24Cxr &2 ¢
4% 48hr-

2. MBRERH FRAIAFRESOMIBEEA DAL AR ALY R

ER RS (05% 1% 3%-~5%) - o

3. MI0%HEFAERSMET FiE2RBAKY -

4, ER24CH A4 > #: 150rpm > 32 % 48hr -

3615 @REEAREERE

P2 AW RERHUFAML L2 T A2 B F-

1. R.gutinis &4t 50 ml SM 3 % & > *t i 150rpm ~ B & 24CH % ¢ >
¥ & 48hr -

2. MERE R RPRA 34FE S0OmMI A K

3. MI10%RFAER-SMEL P2 A A > i 150rpm oy B & T2hr e

4, AR ZFER G 24C > FRPF 7 FRFEE g R L 18C -

32



3625L F BAFEN P F AR
36.2.1 s @ik k3 £2 B P

PRI Y A R0l bl ok Bkd X 5L F BAFEEH ML L ey §

AL

1. R.gutinis #&4&>> 50 mI SM 35 % & > »t 4@ 150 rpm~F & 24 C 447
¥ % 48 hr -

2. AuA g £ 4 K(100% ~ 75% ~ 50%) 0 I ik PR A 3-4 e @ 5000 ml £ &
Ao

3. MI0%RFAESSMET Pz A AT -

4. S pH55- AR 24 Coi F £ 15wm T % & 15hr 2 Ohr ot o

3.6.2.2 $1* &-k & & 80CH AT ZEE

Bt Ir Aok B AT L 80T FT MY AL B TAFL BT

=

R. gutinis #&48** 50 mI SM 32 % A » *t 3¢ 150 rpm~ & 24 CH A2 ¢ >
¥ 4% 48 hr -

2. MACKEAA o kR4 34 %S 5000ml R A

3. ®BOCHRARFMI0%NEFHERSMET P2z B R A7 o

4. Ay pHS5 8B R 24 C i 4 £ 15vwm T iivg %% 15hr 2 Qhr&4 -

33



3.6.2.3 i,’]:ﬁ 3% e ~ 19/L Tween 80 2§25

p e 831 3%tz ~ 1 g/L Tween 80 i,ﬁ:%c%;:«’ I 5L FENFERY HYE

;’- NFI }Fﬁ( fi 7 fg_fi o
1. R.gutinis #&4&>> 50 mI SM 35 % & > »t @ 150 rpm~ B & 24 Cr 447
¥ % 48 hr -

2. MACRSBADRERAARE T B e 3% iz i fe B <+ 5000 ml

BA A
3. MI0%RFAESSMET Pz A AT -
4. Ay pH55 B R 24 C i f £ 1L5vwm T ieis % & 15hr 2 QO hr B
3.6.24 i;’Fﬁ 3% B&#H ST ~1g/LTween 80 2 B2 5F

Pern 3 3%5H &% 8 1g/LTween809ch*:«’i 5L F BN #3

FWMALE RFRFZ BT
1. R.gutinis #4850 ml SM 3 % & - *t g 150 rpm ~ B & 24CH % ¢ >
¥ % 48 hr -

2wk EBAD A SARES AN s 3% AR S b e ¥ 5000

ml 3 % &
3. MI0%EFHEAESMIET P2 B EH KT o

4, A¥pHSS5- F R 24 Co il 5 £ 15vwm TiEiFse %% 15hr 2 9Qhr B4k o
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3.6.35 L 450 5 B 4 % 4 p AL A
3.6.3.1 i,’]:ﬁ 3% B&#H S ~1g/LTween 80 2 B2 5F

poan #3834 3%mH 8% % ~1g/L Tween 80 ;‘?J:%c%;:w’ 3 5L RS AR w3

A2 L2 AR By
1. R.gutinis #&4&>* 50 mI SM 2 % 2 > >t 150 rpm ~ B & 24C &£ ¢
¥ % 48 hr -

2. kA ERE AR BT GH Y 4 3%SKA 6 ek + 5000

ml 3 % A
3. MI0%RFAERSMEI Ltz A AR o

4, #Ay-pHS5 B AR 24 C 35 £30% & F 8 lvwm T4 & 15hr

5 9hr B4 o
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3.6.450 L F V5 peif 5 prALA
364174 3% AR &7 3 ~ Lo/l Tween 80 2 B4

P $RTE 3% A &%~ 1g/LTween 80 Fre3e+ 3 50L § # 3% # gt -

WHRHMAEE T AR
1. R.gutinis #&4&>> 50 mI SM 35 % & > »t 4@ 150 rpm~F & 24 C 447
¥ % 48hr -

2. MACRLBADREASARE X B H Y e 3% 9% e B <+ 50000

ml 3 % A
3. M1%BEAREMSMED Pz i LY o

4, Ay pHS55- 8B 24 Coid 7 £ 1.5vwm Tig {7 % & 15hr 2 9 hr B o
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37 REELW
BTLHIFEL A EL F (250 ml)

~ 5 s #ri¢ * 250 ml shaker flask » 5 1 =484 50 ml -

Bl 3-2 #H¥LF RAE B
BT25L § B FBREMZFHZEELLE

AR ST FOREREN ¥R BMAS SL

B 3-3 5L FF#FpH %5 B

37



3735 AN FHH I AF A LL

A Seri 5L R4 R, > M AR F 34.8Cm; AT E 234cm ;AR

jTE 169cm; MEE HE L 85cm FEF MM 3L

Bl 3-4 SLFENFENLE R
37450L F BAEHpALF IR EXIN

A oherie r S0L F RSN B R S 10260ms HE Ej2320Ccms pE B A

25.7cm> £ F £ 527cm- £ HE /T 85cm > § RE A L A0L -

B35 50L f #AFpsH A5 B

38



Fri BREEH

4.1 #Fgx F a2 A (Flask Experiments)

TFLEFCERF P RERP > S e TR FRHREE S
PEEARSEE R SR T IR FL S DRI e g Rs 0 AKTE
AR EH 0 ATILAR BN & IS AR RAT R 7 a2 R glutinis ff
Heffste 27 2at D AUER ST A AP R R A
Rhodotorula glutinis » 4 = & < 82 FHHFAMER E T 2 2R 1 ()% %

iéjt?f»_l\ﬁ (2)5%: F]F o
411 F Wbk k2 B

Flv Ak EREr e o R BIOR IR LB R AR R 5
7 ek B oea ok krr 2 Rglutinis v o dt R R R o R kS S ArR 41 s E A
v b de 0 FEIE B RO F ARk A n 7.10 g/L 3B BiRE KT >R k3 &
5.730/L > izv A fRlA K A B R E S BB ERIRE > AT R R B 4
PRRME RN AL AT A T A o B 5 B4 5 3175 % 23.64 %

25.69 % ~ 27.99% ~ 29.17 % > o ptF IR 2R -Kehig * 4 2 R, glutinis %5 B

]
EAC
B o c s Roglutinis v 04 KR @R 3%k P o T IR L
—');_- EIR )";,]\zdfﬂé\j\?{«-y 'u;?ﬁj,@iz}.ﬂ ,@/%éfigj I%ii?’f']

WAL L RZERolutinis gt B FERS ARF O TR FRER LG

R K B 18 R A s R o
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35 ~

1000

H total lipid m  osmometer. =
[ biomass & Jipid content
T e PH
30 + = 8
1
3@ < I - 800
R
—_ [=%
-0 =
%f 25 o E§ 6 I
[ =]
g. = - 600
S &
=] i = 4
= 20 w 4
a £
|
i% - 400
15 2 I{ ‘\
10 0 Til .rjl -rJi T‘\ 200
0% =zeawater 25% seawater 50% seawater 75% seawater 100% seawater
Bl 4-1 %7 F ot bR TE 53 H38 % 48 hro 473444 R glutinis 2 & 2. B 58
%41 A vt )75k (100% ~ 75% ~ 50% ~ 25% ~ 0%) i 4 3 A £ %

48 hr » ¥ ¥F 4%+ R. glutinis # & 32882 9 5% #cdk

osmotic pressure (mmalkg)

Based-medium Final pH Biomass Lipid content  Total lipid Osmometer
(9/L) (%) (9/L) (mmol/kg)

RO water 2.01 +0.13  7.10 #0.26  31.75 +#3.07 2.25 +0.20 280.0 15.65
25% seawater 2.11 +0.11  6.85 +0.92  23.64 +3.22 150 +0.40 429 +4.24
50% seawater 2.30 +0.06  6.20 +0.42  25.69 +2.21 1.53 +0.23 626.5 +3.53
75% seawater 235 +0.10 5.90 +0.00 27.99 +3.94 1.65 +0.23 807 +2.83
100% seawater 2.65 +0.27 573 +0.50  29.17 +3.27 1.67 +0.26 937.5 0.70

40



Rhodotorula glutinis o % 5 & & 4o 4-2 > 5 & 87 £ 7 35 & AR ~ % Dk
B 55730/ gl enB53 g/ Apvt B T A TRE Y BRG] R

R AFeRAs > H 7§ 485 21.37 %2 21.33% -

d LA E R R glutinis Bg kAT 0T % U8 S S B fecE A v
K R U A TR R BT e Mk it et
%

S kSEE Lok o &R T
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10 28
. cH
biomass
T 8- [ total lipid - 26
=% #*  lipid content T
s | o _
=R - =
%L EZ7] ] I
= 22 €
. v v -
L] (=N
T 20 =
[an]
5
R L 18
0 i : 16
Control removed
Fl4-2 #4344 Rags 4 48hr £ 4334 R glutinis 2 £ 2 95
342 # 5 %A Big & 48 hro T 4FF ¥ R, glutinis 2 & 2§ 5% #cdy
Based-medium Final pH Biomass Lipid content Total lipid
(9/L) (%) (9/L)
Control 2.21 £0.10 5.53 +0.75 21.37+4.24 1.20 +0.40
Removed 2.37 £0.06 5.73 +0.89 21.33+4.08 1.44+0.22
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413 Fred BB KBET LR

7 é[ﬁ%:}% MAEEAY oWy d AW Y 3 F R T UPRIFA
BEm BRge k£ = AT sk (Certik et al, 1999) 5 ¥ vhe 5 2 /I%#;q dr
Streptomyces fradiae # & Tylosin: 4 b %5 (F 5 gk 5 430482 FE fr Tylosin

Jk & (Choi et al, 1996) = i 75 @ #7 3 Py st AR & F &2 - S St 5

et
=N
v

. 2 FERZHBREEE

P SR RS R ACS () AL LIRS uRL IR 23 RN
W s FTEH) o HRoglutinis @ 3 0BRSS B 34 (FERS, 2016) >
AR RE T BT L F e F A R kR (05% 1% > 3% 5 %)

R. glutinis cm2 & v 2 P B R A 2 AR o

PR EAR 43 FRELFFRARS A THRF > L3N ER A
T R EE S o g ik g A AA R R T ME Bk A B
AWML £ d g B ag e B 3%MEREE - #ins 3% s bt ikt
AMER I Z T2 £ AWED 7.279/L~3482% -3t dlle 2w F 1

K21 %FE A 565% S F 7 & 0 (o R B%m}a&/’l‘4ca*£<i 5L F

EgmpBierg® -
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30 A 8 - 50

B pH 5] BiomassgEss Total lipid & lipid content BNl R Glycerol
251 I T :
=% - : - 40
Lk : |
20 | B i =
—_— o= i =]
< 2 L3
© m @
S 16545 41 €
'S -
= — O
o
)2 =
[24]
£ 2-
BE -0
0- 0 0

control 0.5% 1.0 % 3.0% 50%

B 4-3 Ei%‘;‘;’]:ﬁf%ﬁjé ER B & 48hrs T ¥ R glutinis 4 £ 2§ 5

=g

% 4-3 Et%jﬁ:écﬁﬁié ER B4 48hr F¥E ¥ R glutinis 4 & 2.9 5%
dy

Palm oil Final pH Biomass Lipid content  Total lipid R.glycerol
(%) (9/L) (%) (9/L) (9/L)
0.5 2.82 +0.25 6.66 +0.57 30.88 +0.65 2.06 +0.21 16.71 +1.43
1 2.69 +0.37 6.46 +0.30  31.73 +0.48 2.06 +0.10 16.57 +1.72
3 2.78 +0.31 7.27 +0.35  34.82 +3.28 2.52 0.17 16.84 +1.23
5 2.57 +0.33 6.86 +0.35 3524 +0.55 2.42 +0.16 16.57 +1.71

control 2.65 +0.27 573 +0.50 29.17 +3.27 1.67 +0.26 26.49 +1.90
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. F4ad FRARA ST B LBF
BASTRATERCLEAF O PH AR B EZENT I 8H Y
HAOCS AR fim e d A a ™ g B OpEg PR(FFA) > 2 3 480

-SRI E TR FEI PR R I - RGN T PR

=
o~
i}
o
s
T
|

Bops ~ Fod T REF ST R G 2 pdp D G
# 2 Yarrowia lipolytica 88k & » ¥ #h4]* A= 7 MA G * B H L g
Peg e’ vpic (Blalyetal, 2011) - g A FHE Y A & T ML M R

57’J?4E?%)§(0.5%~1%\3%\5%)«;;_].%:« R. glutinis eh2 £ 20 2 fg B R AR 2 B

R F SRR RAEN U AT e drd 5 e forg et B
Pt AR KR A REE R R BN 0 PR A AR B b o F SRS F AR
4> 173 B R AR RS £ 3002 (5 B kARSI 0 5 Y e B EHL N ek B
7% 1.25 & Eﬁ%ﬁii%ﬁ/)&@_g;;ﬁgﬁ@gw BT HEMA LG D RE

PR R o 4] e 6,10 gL E Bk 2 3 5 Y0if 4o B 0 6.90 g/ > i B E 5

:18*

g RER G N KT Bk (5 M 3%k R} ekt 1 5LAEF

R T R
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25 B 35
N pHE=T biomas A Total lipid BB R.Glycerol &  Lipid content
-‘FE - 30
20 - :;5 T _"i §
— B - ] ]
= 2 - 25
LS
i o =
_9 16 4 % L 2n :E'
L
S04 2 I
o RS o
@ 10 -
£ 21
54 ©
“ 5
U - U 2| exll s Feel U
control 0.5% 1.0% 3.0% 5.0%
B 4-4 zt%;‘,?]: begc @t bR 0 B & 48hr o FIEIHH R glutinis 4 & 2 B2
=
]
% 4-4 zt%;‘,?]: heme @t ER > B & 48hr T ¥ R glutinis £ £ 2 F %
cdy
Waste Final pH Biomass Lipid content  Total lipid R.glycerol
cooking oil (g/L) (%) (g/L) (g/L)
(%)
0.5 2.41 +0.02 6.33 £+0.05 24.99 +2.06 1.58 0.14 19.01 +1.11
1 2.51 +0.05 6.30 +0.17  24.92 +1.02 158 +0.10 16.73 +0.58
3 2.66 +0.12 6.66 +0.11  28.94 +0.86 1.93 10.05 15.89 +0.54
5 2.60 +0.07 6.90 +0.30  30.00 +0.70 2.07 +0.10 16.64 +1.01
control 2.38 +0.09 6.10 +0.26  23.88 +0.94 1.45 +0.07 15.44 +0.66
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414 @ FER 2B

&3

3
s
f
=i
&
A
=
N
e
i
}1»:
)
&
o
=
&
o
™
|
¥
P14
&
s

L AR o

F.

BRUA GEAF REF EFLE g A

Po B FREFERALONE SN IR TER L LRIC  ERBAARE &

BELPEFE L AL ﬁfﬁiﬁi@?ﬁ&ﬁ]&#%ﬁv}ﬁ%”i AEES 431
& FRE R k& R

iAok R hR R JIRREL & DL RIFS
glutinis z_ ¥ {74+ o

FHRES AR 450 3 FETRRT 0 MEF R DELLRAN A § R

A& A& 3 80°C P > R.glutinis ARk R 11 2 Fg T 2 £ 4 % 5 7.06 g/L ~ 31.64
©(121°C) 6.66 /L ~ 3325 % £ £ # ~ » 4aipld 2% kA $F &
= 3dett o B SRR MpLie

% > ¥ty
Wi A e Rke B0 Aok A pH 983 =+
3 pe it Ik (PH 5.5) i & fid -k ¥ e o Sk R AR TE 1

Foruprgl s B EH 2 0 f1* Roglutinis ¥ AR IRE Y A
S HERY > TR FAEAN L LT 80CTT

¥

- wenmtR R 0 R 2 e R

FIR AR A AR S o
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20 - 50
B pHET biomassEEEg total lipida  lipid content EEEE R.glyceral
T
O
154 =< 6+
=
=
2 |3 £
= = =
104 S 4 =
s | 5 g
™ = o=
i'd = =
o E—
W
51 £ 2-
o
AL
o - o - Ed - B el
MNon-sterilized 60T 801" 120
Bl4-5 7R *FER B A 48hr T R glutinis 2 £ B (B A&-
Non-sterilized ~ 60°C ~ 80°C ¥z 120°C)
%45 2 RRFER > A 48hr T R glutinis 2 & F25F (R A -
Non-sterilized ~ 60°C ~ 80°C ¥2 121°C) 2. = #ic¥;
Based-medium Final pH Biomass Lipid content  Total lipid R.glycerol
(/L) (%) (/L)
(g/L)
Non-sterilized ~ 3.17 0.10 3.96 +0.32 2393 +3.50  0.95 +0.20  16.40 +2.01
60°C 2.85 +0.12 6.10 +0.17  30.76 +1.84  1.88 +0.16  17.43 +0.08
80°C 3.18 £0.48 7.06 +0.05  31.64 +2.99 2.23 1022 16.77 +0.28
121°C 2.56 +0.28 6.66 +0.72  33.25 +3.75  2.20 +0.23  15.88 +0.67

48



415 A FFERERE AR

M AR X BARRV REwed RFF 8 RMEPLETH RS

Pq 35k % 4F £ (Zhangand Tan, 2014) > o # A =3 ¥ oo g B A % 0 35C 3 41 R.

RV

-~

glutinis 2 £ > @ & M3 20°CAr g 2 R B > FP A7 B4 o R
BR A 24C o 7 PR B MR R T 18°C k473t R glutinis 2 & 2 F5 F R

s, @9
M-

FHRESIB 46577 > F R A REFFAF L 2CH 7 EETRS DEH
JE B 8.60g/L - l:’i’élgk..‘é‘—;—%ﬁg Boom A 63N pEE MR R 0 A TR e
Hyeatir e 0 9 161 B o e ARk AR ArE T 18.60 % 0 4R Rk KGR 60

BET oA 0 R R B AR 4 A o TP o A e T AL A Bt

BA& R o 3% - FEE e 4 £ ¥ (Growth phase) ¥t & s % R A& © @ FtiEkE

E R HcE BB R o LR C FF P REL & < 87 (Production phase)#t & UE Tk

49



16 - 1
14
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12 41 —=
=
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104 T
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© W
s 815
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¥ 610
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[&]
3
2_
|:|_

Bl 4-6 &P AERE R K% 5% 72hr #4F 3% R. glutinis 2 £
& -control (24°C) ~ 18°C after 48hr ~ 18°C after 63hr)

146 AIFERIEREE R R % T2h0 £ HH R glutinis 2 £
A -control (24°C) ~ 18°C after 48hr ~ 18°Cafter 63hr) 2 = #icd;

0

30

I -H biomass EEES

72hr-247C

total lipid »

T2hr(1&C after 48hr)

lipid content IENE R.glycerol

T2hr(18C after 82hr)

lipid cortert (%)

L8R (s
AF (R

5 4% N
B (R

Based-medium Final pH Biomass Lipid content  Total lipid R.glycerol
(/L) (%) (9/L) L)
18°Cafter 48hr  1.84 +0.12 6.97 +0.21 15.17 +4.32 1.05 £0.29 4.60 +0.22
18°Cafter 63hr  1.87 +0.05  7.00 +0.90  25.12 +1.22  1.79 $0.27 4.49 +2.88
control (24°C)  1.82 0.05 8.60 +0.46 15.61 +4.31 1.34 +0.40 3.905 +0.93
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42 5L F BAFEEP I FHAR
A% 5L F BN SRR b E 2 4R glutinis k4 32 % o
421 F F ok G

AT R AHER Y 2 ROT FH 50 - KA R A
FHpEUSY o Pl NFAFEZEFIpH B 2R pH € 3 0E <
PEEEFOSL F BN AFRE > i f £ 1.5vwm -~ R 24°C ~pH5.5 i

B®T o 33 s R $ R glutinis s B2

AN RS HEF P )E k(0% ~50% ~ 75% ~ 100 % ) 1T 4 4 A 0 F sk
* AR 4-7-4-8 477 0 bbb~ AR RA 5 19.0-184-156-153g/L >
SEFRVALRA Y EXLINBAEREELE > & R glutinis uf &£ 3|48 T
@ E;"’J‘ e 50%% K2 E T o 4o Hp 4 R ERAR X Ddrd) 0 e A 96hr {8 vV i
AL FER Y ROFHKAEFE R £ 4TVREN > B L5 F
WER ST g 250 A4pipeh I FRA K7 P BPuT
(Komemushi etal. 1994) » &~ *3 5 7 £ £ 5|7 4317 % > d p* ¥ & 5 L% fEH

® &% 50 O kot i kB % RO FAik L 7 ehe
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20

13 1

biomass (g/L)
=]
1

RO water

50% seawater
5% seawater
100% seawater

0 50 100 150 200
hr

Bl 4-7 %7tk K (0%50%~75% 100 % )% % 7 &2 Fik A&
1 23

8
—a#— RO water
—1— 50% seawater
—— 75% seawater
s 1 —%— 100% seawater

total lipid (/L)

0 30 100 150 200
hr

W48 %7 ot 6)% k(0% ~50%75% 100 % )17 % ;3 A2 %3 5 % 4
23
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%047 5L F BRI L F b 5% k(100 % ~ 75 % ~ 50 % ~ 0 %)

® 5 A T 4F3H R glutinis 2 £ 29 B ficdy
Fermentation  Max. biomass Max. biomass Max. lipid Avg. lipid Max. lipid
Strategy (g/L) productivity content (%, content (%) productivity
(g/L/n) wiw) (g/L/h)
RO water 19.0 0.195 38.91 34.83 0.075
50%seawater 18.4 0.121 43.17 38.01 0.049
75%seawater 15.6 0.120 39.87 33.99 0.047
100%seawater 15.3 0.107 36.07 33.32 0.036
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422 BOCH F™ HF

Em IR &R > FRT 2B RBET O RFHEAT AL B0CTE
AEFAM- LR ORR I TR 0 EUR FE R DR AT A 5.5m° 2
FEE A 50~70m? 2 BAG 5 6] @ % 14C2 4k 12IC 2 BERs £ A
A 4r3) 30C » Z & 25~4 ) pr(Miller and Kieslich, 1966) » 4 friEf23 i 4£ + £

RFREG R ARG R SRR F T S R R

~>m

=

FPEmpES? CFEE T - SRR A A S AR P F kP 5B
BERAT I FAF AR (TP, 1998) 0 FRH A R A AT AR Y

o FE R 121°C % 2 80°C » £ 318 # R. glutinis 2 & gl B o

# 5k % hod 4-8 #t7 > R glutinis s % FjHE R T 2] 1630/l 0 B 5

FOER 5 5979/l 7 BB S A FER &4 2 (121°C) 4 % % 5 10

gL - 32t 42l 80CHR AT HET K ARSI LRSI BER A RF
AAZFREFTF FZE S % d B 4-10 Ko 4 Roglutinis 7 X e R v
K- TR HE o THE R SR 3332 %ARET 4 0 Bk @A

AR B0C v ¥ g sl £ o
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biomass (g/L)

0 30 100 150 200
hr
Bl 4-9 & 80CH F™ &ir#l iz FHk & v R
30 25
40 4 N ~. 20
- — g A
’\E\\ —
< 30 * . 4 15 3
g S B
g ) g
; 20 lipid content E.Glycerol L 10 %El
§_ ——#—— control — -# —  control A \ M
= —a— )  —k— % \X‘\
10 - \\8_ . g [
\
N
0 T T T Br—d— 0
0 30 100 150 200
hr
B 4-10 2 80C F™ &pdlies g F R k& 2R

34-8 5L F BNFEE o s ok (L 3 & 80°C

Fe g g

Fermentation

Max. biomass  Max. biomass Max. lipid Avg. lipid Max. lipid
Strategy (g/L) productivity content (%, content (%) productivity
(g/L/n) wi/w) (g/L/n)
80°C 16.3 0.103 34.41 34.83 0.037
control 15.3 0.107 36.07 33.32 0.036
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42.3 4 3% e > 1g/L Tween 80 2. 8248

R R T LT R ITL R (AR 3W) LRI R RS
Pl oM 4-10 - 4-12 0 % 192 hr FME Pl S kR 17.20/L 0 bt ik
RHEFG1242% 7 2t 40l pH 22 3§ bR T o A £ 3 L £
pH & > @ 4% & & 1Lhr 7 & 31519/l @ £ 4l nlF & 192hr 4 i
FIS A e g e T e e R B R K Y R
B AP R A BRI N HE B s A A T il ER A @ oo pal
fr A R R ikimie & 2 P RRL & 2 ¥ F T o B4 (Certik et al, 1997) @ 4241 2

R EETIAMA L BFDA € B R

™
\F‘b

Ji’r}%:»4-9?%5'4?;71:4\:@1&**@,@,,,5.gnqgg R S Y
%ﬂnq?@g}%ﬁ s F] L Tér_‘@'\‘f«rﬁ,& a?" pl”gl\#z'trﬁz‘*ﬁ A B Eﬁiﬁgg&\ﬁ
304-97 @ et SNHBIPA ST FME £ G L o E 22

g/L/hr 2= 3 0.128 g/L/hr -

biomass (g/L)

@ 4-11 ﬁﬁﬁﬁﬁﬁS%iﬁ@%&”@@
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25
Total lipid E_glycerol
.\\ I ;:Jr:fg}l 3% ::: Soalr:;lls%
1 - 20
’ - f*-:é\l— >y -
N .
—_ LN —_
3 * s B
z S
j=" v
= 2
E 44 -10 &
2 o
2 5
0 0
0 30 100 150 200
hr
] 4-12 /‘]‘ e iR e 3 %2 g B R ARV Bl
%49 SLFRENEREW G SNH BTN L84 B SRl
Fermentation  Max. biomass Max. biomass Max. lipid Avg. lipid Max. lipid
Strategy (g/L) productivity content (%, content (%) productivity
(g/L/h) w/w) (a/L/h)
Palm oil 3% 17.2 0.128 52.86 42.02 0.050
control 15.3 0.107 36.07 33.32 0.036
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424 Fte 3% BH S ~ 1g/L Tween 80 2 B2 5F

WL ARG AR TR A WS EH R P I L3
FRILFE F RIE D ARG TE R e R 8 R RALE R BRI E B 7 A
i 4,400 PR/ E 0 A R U RIVEPEEGH B AR X FIB2 A LR B F S

Br@ Ra AR gk RP W SRR LRGN DEY

BT HAFTHAS T B Y N RF R AR RE Y HIRRATITL
EE(R S ~3%)REFREE I B R R R TR 2 L Ty R
A= e e st nE £ 5T o F S5 R H 3R] e o] 4-13
4-14> 192 hr FHE Pl < kR 2230/l irdleh < ER S X 45.75%
R 8T P RARP Rk R T AR ERTFEISF
Lpsc e 8% dfwied L5 L&D A wrg TRA S 6> T3
B 5 3754% & Hlen3332%4p st H K E D PR 0 F o2 frdp IUF A S
RFFF R At C/Nratio 55 € 4% 7 B 4 (Bialy etal, 2011) » & § sk +f
b kRS AR SR E RS SRR ST R ARG F

35 -
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biomass (g/L)

total lipid (g/L)

25

—8— control
—— waste coking oil 3%

U T T T
0 50 100 150 200
hr
@] 4-13 @ﬁ%%%?MB%iﬁ%%&”@@
10 Total lipid F_glyeerol %
—#— control — =% — control
"'l\ —dr— waste cooking ofl 3% — -k —  waste cooking oil 3%
s N N L 20
e—y
-
A, e
6 4 F 15
4 r 10
29 Fa
o 0
0 50 100 150 200
hr

® 4-14 ;‘,’Fﬁ}%&a}q b 3%z g B R R v R
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R.glycerol (g/L)



2410 SLFRSFEIG I RA ST WP F EaR

Fermentation  Max. biomass Max. biomass Max. lipid Avg. lipid Max. lipid
Strategy (g/L) productivity content (%, content (%) productivity
(g/L/n) wiw) (g/L/h)
waste cooking 22.3 0.129 42.02 37.54 0.055
oil 3%
control 15.3 0.107 36.07 33.32 0.036
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43 S5LFENFREZLS 4‘:,‘;, s

oo S EHFT 0 B ded 4116 0 E S uEEMER @ g R

FAED G REFH
Lo iR AR ST R

CRMER S G o I F RSB b AR 8 S (3%) AR BT
4‘"‘$ﬁﬁﬁ/d’(3%)ﬁtj 729.65%  iHIRiF I 5 AR ar g p AT /—‘ B R~ R
GO AR ERT A SR B E AR AR gl & 2

FooOFIRFMEEC R RS BRI RS BE

BEE RIS B T g 3 B 5 42.02%% F 2N AR § % b eh
37.54 % » j& & 4-12 {8 Fofic 2 1f 0 Py WAL s R i AL 43.5% % 4 fiE 36.6% 3
Ao @ B A e d b g 25 %-36 % T b ik 52%-65 % o 5% A MRl 17
Fldp il 3t I p st R glutinis i 75 R A F Bk enf ok 5 V- 2 Gi AR S

R FF R E R G C/Nratio BT € SLHIW R AR o
BARGGd A 4I3 e m o S A G PR S S M E 22910 3 12

oA R E 29801 1007 0 R A G BT IR § o AR

s 3%.??’15,9114E'E_1:,\Ij\j*_"2 oo PR SRR S

L}
=i
3

o

fmic

=

W
ES

e i L AGKE s A BT M A G e B T WA R

AT - 5Lk
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. 5 oppe o 5

d & 414 8T D ET W Z P e i@ 17 R glutinis g ippkle g 0 R gy
Flagpt B0 e forg ppa (A e ~ BIFER) 0t BT % 1 8~9% 5 @ A e frig ik
Bewd A A WA GG 0 A FRd RA461%F 2 3 525% 0 T B ik
B 3-4% @A FIA R R Y R SRS < B 0 ] 2y

b S A TR 5 A% ke forgnfis 4 & (Certik etal., 1997) 5 i3 & 2 o foiy pfk

S B A AR T R A SRR e A e
@Ol o d & 414 BT AR R A 0 SR R glutinis & S ATERR AL TS 0 I RS B
K Ae15091%T 53 27.26% 0 7 HFaEant bRt s 2 MHEF o R

= E é_iﬁ?ﬁﬁi:iﬁ—'— AURED G AT ARE GG BT A RE o d

Rl

RN Ao AR (R P PR BlY A0 X 2-3% 0 g bt 2

aﬁ

A R R B E LS L TR EF Y 5 AP TG £ o
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% 4-11 5L 5 B4k ),{%%iifjtﬁiﬁr EEE VIR

Fermentation Strategy Max. Max. biomass Max. lipid Avg. lipid Max. lipid
biomass productivity  content (%, w/w) content (%)  productivity
(g/L) (g/L/h) (a/L/h)
Batch- 5L airlift 15.3 0.107 36.07 33.32 0.036
Batch- 5L airlift 17.2 0.128 52.86 42.02 0.050
(Palm oil 3%)
Batch- 5L airlift 22.3 0.129 42.02 37.54 0.055

(waste cooking oil 3%)

%o 412 b By R e

W g flE Saturated Fatty Acid Unsaturated Fatty Acid
Palm oil Palmitic Acid (z ## &) 43.5% Linoleic Acid (37 # f%) 9.1%
(I i) Stearic Acid (# *3 fi4) 4.3% Oleic Acid (i# i) 36.6%

Myristic Acid (¢ & % ) 1%

Waste cooking oil ~ Palmitic Acid (1 ## fi¢) 6-8%
(g gt i) Arachidic Acid (7= 2 f&) 0.1%-0.4%

Stearic Acid (4 5 fiz) 3%-5%

Linolenic Acid (& # f%) 52%-65%
a- Linoleic Acid (a 7 Jfrié &) 2%-3%

Oleic Acid (i f#) 25%-36%
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% 4-13 A &R R

e~ b fhag Price (NTD) for 1L
Palmoil  (#ctz 1774 ) 80-100
Waste cooking oil (% & 4) 10-12

F 4-14 & 2 FL 2 g iapk e S

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

Fermentation Strategy

Cl6:0 C18:0 Cig:1 C18: 2 C18 : 3

control (R. glutinis) 23.88 4.50 46.13 23.79 1.69
Add waste cooking oil 3% 11.69 8.34 52.50 27.26 0.19
( R. glutinis)

waste cooking oil 13.43 4.88 24.61 50.91 6.17
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4.4 5L RN B P H AR

ARSI 5L AN B AN T Roglutinis 2x * 3 & 0 FIEHILT K2 B

GGk 0 ek I AR
44.1 ‘},’]:4\3 3% A &7 % ~ 1g/L Tween 80 2 F 4K

AP HREFHILTHRTIF20EE (RS W ~3%) %k 3 5L RN
WEFRIE FRES4oB4-15-4-16 5~ AMER 5 2589/l T E &
120hr (5 # T 7 85 60% »FHREEHELFBAFEY THERE YR
EAEMEETRAENE T R L B B REN 2¢ 4 BI418F Far
Hob i FFF BN A R 417 7 RS 2 S K 5 0.282 g/l/hr
B B 01299/ /hr > FplEATR 2 BURARE M R B SR
o FENFERT I P RE R AR i SR R R RN AR
FRARAS G335 0 fENFREEES 93 RE s s g st 2
BT HFANEIGT L FHF G BT RSN H ik
SR RS AT R AR L RS T g (e

Fh eEE L AR

g FIRA o d £ 4-16 7N H g TR A 5 0182 g/l/hr Bt § R
310,085 g/L/Nr » Ja iRl AF B S BRB SR RBR I R A R

B0 MR F TR R 10 TR A GEAT T, 2010) » A RS 493 F 10 30 %
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biomass (g/L)

total lipid (g/L)
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—— waste cooking oil 3%
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Total lipid R.glycerol
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Fermentation  Max. biomass Max. biomass Max. lipid Avg. lipid Max. lipid
Strategy (g/L) productivity content (%, content (%) productivity
(g/L/n) wiw) (g/L/h)
waste cooking 25.8 0.282 63.58 50.61 0.132
oil 3%
control 19.0 0.22 39.61 35.96 0.077

2416 G AR ST 3% -5 LIS B VS L f A S 2 B
s S 2k

Fermentation  Max. biomass Max. biomass Max. lipid Avg. lipid Max. lipid
Strategy (g/L) productivity content (%, content (%) productivity
(g/L/n) wiw) (g/L/n)
stirred tank 25.8 0.282 63.58 50.61 0.132
airlift 22.3 0.129 42.02 37.54 0.055
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Fermentation Max. Max. biomass Max. lipid Max. lipid
Strategy biomass productivity content (%,  productivity
(g/L) (g/L/h) w/w) (g/L/h)
1 vwm & seawater & 32.4 0.555 55.71 0.355

waste cooking oil 3%
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Fermentation strategy Carobon source Aeration Max. Avg. lipid  Max. total  Max. lipid Reference
biomass content (%) lipid (g/L) productivity

(g/L) (g/L/hr)
Fed-batch
. Glucose - 86.2 25.0 11.3 0.14 (Zhang et al., 2014)
5 L stirred tank
Batch
o Glucose and xylose ~ ------- 151 36.4+1 55 0.09 (Liuetal., 2014 )
5L airlift
Fed-batch -
. Glycerol 2 vwm 10.1 60.7 6.10 0.09 (Cheirsilp et al., 2011)
2 L stirred tank
Batch .
o Crude glycerol 2 wwm 25.4 49.5 16.8 0.21 (%1564, 2014)
5 L airlift
Batch- 50 L airlift .
Crude glycerol 1.5 vwm, 22.5 37.1 7.8 0.12 (J = 4%, 2015)
(Seawater)
Batch
5 L stirred tank Crude glycerol 1vvm 25.8 50.61 15.5 0.132 This study
(seawater&WCO3%)
Fed-batch
50 L airlift Crude glycerol 1.5vwm 324 43.41 16.5 0.355 This study
(Seawater&WCO3%)
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